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non-smokers compared with smokers showing t and P
values for comparison of the means at corresponding

test points.

TABLE 6é0. Mean plasma fibrinolytic activity (diameter
of lysis-mm) resting, after 15 minutes venous occlusion
and the increment (occluded=-resting) at two test points
(1 and 2) in_all_the C.H.D. patients non-smokers

compared with smokers showing t and P values Tfor

comparison of the means at corresponding test points.
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TABLE 61. Mean plasma fibrinolytic activity (diameter

of Llysis~mm) resting, after 15 minutes venous occlusion

and the increment (occluded*besting) at two test points:

(1 and 2) ip_the_normal Ltipid, C.H.D patients non-
smokers compared with smokers showing t and P values
for comparison of the means at corresponding test

points.

TABLE 62. Mean plasma fibrinolytic activity {(diameter
of Llysis-mm) resting, after 15 minutes venous occlusion
and the increment (occluded~resting) at two test points
(1 and 2) in_the abpormal Lipid, C.H.D patients non-
smokers compared with smokers showing t and P values
for comparison of the means at corresponding tecst

points.

TABLE 63. Mean values for chotesterol (mmol/L) and
ptasma fibrinolytic activity (diameter of lysis-mm)
resting, after 15 minutes venous occlusion and the

increment (occluded—-resting) in the wholeg

- v e an wo

showing the correlation coefficient r along with jts t
and P values for comparison of cholesteprol and
fibrinolytic activity at each test point.

TABLE 64. Mean values for triglycertide (mmol/L) and
plasma fibrinolytic activity (diameter of Llysis~mmd
resting, after 15 minutes venous occlusion and the
increment <(occluded-resting) in the whole
showing the correlation coefficient r atong with its t
and P values for compariscn of triglyceride and
fibrinolytic activity at each test point.
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TABLE 65. Mean values for cholesterol (mmol/L) and
plasma fibrinolytic activity (diameter of Lysis~mm)
resting, after 15 minutes venous oceclusion and the
increment (océludec%—resting) in the C(.H.D.

the correlation éoefficient r along with its t and P
values for comparison of cholesterol and fibrinolytdic

acttivity at each test point.

TABLE 66. Mean values Tor triglycerijde (mmol/L) and
plasma fibrinolytic activity (diameter of lysis—-mm)
resting, after 15 minutes venous occlusion and the
Test 1 and at Test 2 showing the correlation
coefficient r along with its t and P values for
comparison of triglyceride and ?ibrinotytic activity at

each test point.

TABLE 67. Mean values for cholesterol (mmol/L) and
plasma fibrinolytic activity (diameter of lysis—-mm)
resting, after 15 wminutes venous occlusion and the

increment (occcluded=-resting) in the non-smoking

- ew v e e v v

- = vt v e wn - —

correlation coefficient r along with its t and P values
for comparison of cholestercl and fibrinolytic activity

at each test point.

TABLE 68. Mean values for triglyceride (mmol/L) and
plasma fibrinolytic activity (diameter of Llysis-mm)
resting, after 15 minutes venous occlusion and the
increment (occluded=-resting} in the non-smoking

e e v e v = e

C-H.P. _patients at Test 1 and at Test 2 showing the
correlation coefficient r along with its t and P values
for comparison of triglyceride and fibrinolytic

activity at each test point.
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TABLE 69. Mean values for cholesterol {(mmol/L) and
. plasma fibrinolytic activity (diameter of Lysis-mm)
resting, after 15 minutes venous occlusion and the

increment (occluded-resting) in the smoking

v e e o b

corretation coetficient r along with its t and P values
for comparison of choltesterol and fibrinolytic activity

at each test point.

- TABLE 70. Mean values for triglyceride (mmol/L) and
pLasma'fibrinoLytic activity (diameter of Lysis-mm)
resting, after 15 minutes venous occlusjon and the
increment (occluded-resting) 4n the smoking

—— = -

C.H.D. patients at Test 1 and at Test 2 showing the
correlation coefficient r along with its t and P values
for comparison of triglyceride and fibrinolytic

activity at each test point.

TABLE 71. Mean values for systolic blood pressure (mm
mercury) and plasma fibrinolytic activity (diameter of
lysis~mm) resting, after 15 minutes venous occlusion
and the 4dncrement (occluded-resting) 1in the
whole_group_of _patients _and controls at Test 1 and at
Test 2 showing the correlation toefficient r along with
its t and P values for comparison ef systelic pressure

and fibrinolytic activity at each test point.

TABLE 72. Mean values for diastolic blood pressure (mm
mercury) and plasma fibrinolytic activity (diameter of
lLysis—-mm) resting, after 15 minutes vencus occlusion
and the fincrement (occcluded-resting}) dn the
whole_group_of patients_and_controls at Test 1 and at
Test 2 showing the correlation coefficient r along with
its t and P values for comparison of diastolic pressure

and fibrinolytic activity at each test point.
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TABLE 73. Mean values for systolic blood pressure (nm
mercury) and plasma fibrinolytic activity (diameter of
Lysis —fm) resting, atter 15 mfnutes venous occlusion
and the increment (ocbi.uded-resti:ng) in the
correlation coefficient r along with its t and P values
for comparison of systoelic pressure and fibrinolytic

activity at each test point.

TABLE 7#. Mean values for diastolic blood pressure {(mm
mercur9) and plasma fibrinolytic activity {(diameter of
Lysis ~mm) restidg, after 15 minutes venous occlusion
and the idncrement (océ!JJded*:'est:ing) in the
D. _patients at Test 1 and at Test 2 showing the
correlation coefficient r along with its t and P values
for comparison of diastolic pressﬁre and fibrinolytic

activity at each test point.

TABLE 75. Mean values for systolic blood pressure (nm
mercurY) and plasma fibrinolytic activity {(diameter of
lysis ~mm) resting, after 15 minutes venous occlusion
and the dincrement (occluded-resting) in the non-=
smoking_C.H.D. patients at Test 1 and at Test 2 showing
the correlation coefficient r élong with its t and P
values for comparison of systolic pressure and

fibrinolytic activity at each test point.

TABLE 76. Mean values for diastofic blood pressure (mm
mercur?) and plasma fibrinolytic activity (diameter of
Lysis ~mm) resting, after 15 minutes venous occlusion
and the dincrement (ochudedwresting) in the pon-
smoking C.H.D. patients at Test 1 and at Test 2 showing
the correlation coefficient r aleng with its t and P
values for comparison of diastolic pressure and
fibrinotytic activity at each test point. '
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TABLE 77. Mean values for systolic blood pressure (am
mercury) and plasma fibrinolytic activity (diameter of
Lysis =mm) resting, after 15 minutes venous occlusion

and the dincrement (occluded=-resting) din the

- ——— W - -

the correlation coefficient r along with its t and P
values for comparison of systolic pressure and
fibrinolytic activity at each test point.

TABLE 78. Mean values for diastolic blood pressure (mm
mercury) and plasma fibrinolytic activity (diameter of
Llysis =-mm) resting, after 15 minutes venous occlusion
and the 1increment (occluded-resting) in the
the correlation coefficient ¢ along with its t and P
values for comparison of diastolic pressure and

fibrinolytic activity at each test point.

TABLE 79. Mean values for systolic blLood pressure (mm
mercury) and plasma fibrinolytic activity (diameter of
lysis =-mm) resting, after 15 minutes venous occlusion

and the dincrement {occluded~resting) 1in the

at Test 2 showing the correlation coefficient r along
with jts t and P values for comparison of systolic

pressure anhd fibrinolytic activity at each test point.

TABLE 80D. Mean values for systolic blood pressure (mmn
mercury) and plasma fibrinolytic activity (diameter of
lysis -mm) resting, after 15 minutes venous occlusjon
and the dncrement focc lLuded~-resting?> in the
Test ¢ showing the correlation coefficient r along with
its t and P values for comparison of systolic pressure
and fibrinolytic activity at each test point.
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TABLE 81. Mean values for sxstolic blLood pressure (mm
mercury) and plasma fibrinolytic activity (diameter of
Lysis -1 m) resting, after 15 minutes venous occlusion
and the increment (occluded-resting) in the
and at Test 2 showing the correlation coefficient r
along with its t and P values for comparison of
systolic pressure and fibrinolytic activity at each
test point.

TABLE 82. Mean values for systolic blood pressure (mm
mercury) and plasma fibrinolytic activity (diameter of
Lysis =-mm) resting, after 15 minutes venous occlusion
and the "increment (occluded—-resting) in the

at Test 2 showing the correlation coefficient r a{ong'

with its t and P values for comparison of systolic

pressure and fibrinaolytic activity at each test point.

TABLE 83. Mean values for disstolic blood pressure (mm
mercury) and plasma fibrinolytic activity (diameter of
Lysis ~mm) resting, after 15 minutes venous occlusion
and the dincrement {(occluded~-resting) 1in the
normal Lipid, nonzsmoking C.H.D. patients at Test 1 and
at Test 2 showing the correlation coefficient r along
with its t and P values for comparison of diastolic

pressure and fibrinclytic activity at each test point.,

TABLE 84. Mean values for diastolic blood pressure (mm
mercury) and plasma fibrinolytic activity (diameter of
Lysis =mm) resting, after 15 minutes vencus occlusion
and the dncrement {(occluded—-resting?)? 1in the
normakt_lipid, smoking C.H.D. patiepts at Test 1 and at
Test 2 showing the correlation coefficient r along
with its t and P values for comparison of diastolic

pressure and fibrinolytic activity at each test peoint.
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TABLE 85, Mean values for diastolic blood pressure (mm
mercury) aﬁd plasma fibrinolytic activity (diameter of
Lysis —hm)Aresting, after 15 minutes venous occlusion
and the increment (océtuded—resting) in the
and at Test 2 showing the correlation coefficient r
along with its t and P values for comparison of
diastolic pressure and fibrinolytic activity at each

test point.

TABLE 86. Mean values for diastolic blood pressure (mm
mercury) and plasma fibrinolytic activity (diameter of
lysis -mm) resting, after 15 minutes venous occlusion
and the ‘dncrement (océluded"resting) in the
abnormal Lipid:; _smoking C.H.P. patients at Test 1 and
at Test 2 sﬁowing the corrétation coefficient r along
with its t and P values for comparison of diastolice

pressure and fibrinolytic activity at each test point.

TABLE 87. Mean values for gross body weight (Lbs) and
plasma fibrinolytic¢c activity {(diameter of Lysis =mm)
resting, after 15 minutes venous occlusion and the
increment (occluded-resting) in. the whole group_of

patients_and_controls showing the correltation
coefficient r along with its t and P values for
caomparison of body weight and fibrinolytic activity at

each test point.

TABLE 88. Mean values for gross body weijght (lbs) and
plasma fibrinolytic activity (diameter of Lysis -mm)
resting, after 15 minutes venous occlusion and fhe
jncrement (occluded-resting) in the C.H.D._patients
showing the correlation coefficient r aLong'with its t
and P values for comparison of body weight and

fibrinolytic activity at each test point.
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TABLE 89. Mean values for gross body weight (lbs) and
plasma fibrinolytic activity (diameter of Lysis -mm?
resting, after 15 minutes venous occlusion and the

increment (0chhded~resting) in the nop-smoking

along Wwith its T and P values for
comparison of body weight and fibrinolytic activity

at each test point.

TABLE 90. Mean values for gross body weight (lbs) and
ptasma fibrinolytiec activity (diameter of Lysis ~wm)
resting, after 15 minutes venous occlusion and the
increment (occluded-resting) in the gmoking

A o - —— -——— v o

along with its t and P values for comparison of body

weight and fibrinolytic¢ activity at each test point.

TABLE 91. Mean values for gros§ body wéight (ibs) and
ptasma fibrinolytic activity {(diameter of Llysis ~ mm)
resting, after 15 minutes venous occliusion and the
increment (occltuded-resting? in the pormal_Llipid_non-

N e e o -

smoking C.H.D. patients showing the correlation r along

with its t and P values for comparison of body weight
and firinolytic activity at each test point.

TABLE 92. Mean values for gross body weight (lbs) and
plasma fibrinelytic activity (diameter of lysis -mmd
resting, after 15 minutes venous occlusion and the
increment {(occluded-resting) din the normal_ Llipid

smoking_C.H.D. patients showing the correlation
coefficient r along with its t and P values for
comparison of body weight and fibrinolytic activity

at each test point.
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TABLE 93, Mean values for gross body weight (lbs) andl

plasma fibrinolytic activity (diameter of Lysis ~am)
resting, after 15 minutes venous occlusion ‘and the

increment (occluded~resting) in the abnormal_lipid

ratp =P A R

|y .. S\ Ry S N e e et ity i i e

coefficient r along with iis t and P values for
comparison of body weight and fibrinolytic activity
at each test point.

TABLE 94. Mean values for gross body weight (lbs) and
plasma fibrinolytic activity (diameter of Lysis ~mm)
resting, after 15 minutes venous occlusion and the
increment (occluded-yesting) in the abnormal ilipid

e e M M ae A g e -

smoking_C.H.D. patients showing the correlation
coefficient r along with its t and P values for
comparison of body weight and fibrinelytic activity

at each test point.

TABLE 95. Mean plasma cholesterol (mmol/L} and
triglyceride {(mmol/L) LlLevels in the control and patient
groups at Test 1 and at Test 2 showing the t and P

values for comparison of the means at each test point.

TABLE 96. Mean systeolic and diastolic blood pressures
(mm of mercury) in the control and patient groups at
Test 1 and at Test 2 showing the t and P values for

comparison of the means at each itest point.

TABLE 97. Composition of contrel (Cont.) and patient
(Pat.) groups showing the numbers of men in each

subgroup.

TABLE 98. Mean red cell counts (x 1072/1) resting and
aftter 15 minutes venous occclusion in the control and
patient groups at Test 1 and at Test 2 showing the t
énd P vatues for comparison of the means at each test

point.
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TABLE 99. Mean haematocrit (%) resting and after 15
minutes venous occlusion in the control and patient
groups at Test 1 and at Test 2 showing the t and P

values for comparison of the means at each test point.

TABLE 100. Mean white cell counts (x 109/L) resting and
after 15 minutes venous occlusion in the control and
patient groups at Test 1 and at Test 2 showing the t
and P values for comparison of the means at each test

point.

TABLE 101. Mean fibrinolytic activity (F.A., diameter of

lysis -mm) resting, after 15 winutes venous occlusion

_——— o ——

t and P values for the comparison of patients and

controls at each test point.

TABLE 102. Mean fibrinolytic activity (F.A. diameter of
Lysis -mm) resting, after 15 minutes venous occlusion

and the increment (occluded-resting) in all_30-39 year

t and at Test 2 showing the t and P values for the

comparison of patients and controls at each test point.

TABLE 103. Mean fibrinolytic activity (f.A. diameter of

lysis —mm) resting, after 15 minutes venous occlusion

g L - A -~

1 and at Test 2 showing the t and P values for the

comparison of patients and controls 2t each test point.

TABLE 104. Mean fibrinolytic activity (F.A.diameter of
tysis -mm) resting, after 15 minutes venous occlusion

and the increment (occluded-resting) in gll_350-59 year

- L A AR
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1 and at Test 2 showing the t and P values for the

comparison of patients and controls at each test point.
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TABLE 105. Mean fibrinolytic activity (F.A. diam=ter .0of

lysis -mm) resting, after 15 minutes venous occlustion

e —— . A ™ s S R LR BB VR L e b o e T e vy ——

1 and at Test 2 shoawing the t and P values for the

comparison'of patients and controls at each test point.

TABLE 106. Mean fibrinolytic activity (F.A. dijameter of

lysis =~mm) resting, after 15 minutes venous occlusion

e im e P ]

normal_lipid_patients and in 30—39_zeaf otd, _normal

Lipid_controls at Test 1 and at Test 2 showing the ¢t

and P values for the éomparison of patients and

controls at each test point.

TABLE 107. Mean fibrinolytic activity (f.A. diameter of

Lysis -mm) resting, after 15 minutes venous occlusion

Lipid_controls at Test 1 and at Test 2 showing the t

and P values for the comparison of patients and

controls at each test gpoint.

TABLE 108. Mean fibrinolytic activity (F.A. diameter of
lysis -mm) resting, after 15 minutes venous occlusion

and the increment (occluded-resting) in 5D-59 year_old,

e T e el ———
——— e - - — e v R e En dmn o m cm e o= e he e e ey e e

= -

and P values fTor the domparisbn of patients and

controls at each test point.

TABLE 109. Mean fibrinolytic activity (F.A. diameter of

Lysis =mm) resting, after 15 minutes venous occlusion,

o .y s - A e T e - A O M 8T W I e e Pt e Pt T L . —

at Test 1 and at Test 2 showing the t and P values for
the comparison of patients and controls at each test

point.

35

Page

433

434

435

436

437




TABRLE 110. Mean fibrinolytic activity (F.A., diameter of

Llysis ~mm) resting, after 15 minutes venous occlusion,

— e e o e e ———— e
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Lipid_conirols at Test 1 showing the t and P values for

the comparison of patients and controls at each test

point.

TABLE 111, Mean fibrinolytic éctiV1ty (F.A. diameter of
lysis ~mm) resting, after 15 minutes venous occlusion,
and the increment (occluded-resting) in 40-49_ year_old

—— et et W e - ——-
P asy S WPy . —— T o o o . A —— e e - n  —

—————— . u- -

and P values for comparison of patients and controls at

each test point.

TABLE 112. Mean fibrinolytic activity (F.A. diameter of
Lysis ~mm) resting, after 15 minutes venous occlusion,
and the 1increment (ochuded—restwng) in 50-59_year_old

e B - e ———— — -

e e e o e e A e i ma R

. W i e P —

and P values for the comparison of patients and

controls at each test point.

TABLE 113. Mean Tibrinolytic actijvity (diameter of
Lysis ~mm) resting, after 15 minutes venous occlusion,

and the increment {occluded-resting) in all normal

_—— v v v b At - e

v e v e M Ak

the t and P values for the comparison of patients and

controls at each test point.

TABLE 114, Mean fibrinaolytic activity (F.A. diameter of
Lysis -mm) resting, after 15 minutes venous occlusion,

and the increment (occluded-resting) in 30-39 year

Test 1 and at Test 2 showing the £t and P values for the

comparison of patients and controls at each test point.
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TABLE 115. Mean fibrinolytic activity (F.A. diameter of
iysis -mm) resting, after 15 minutes venous occlusion,

and the increment (occluded-resting) in 40~49Y year

. e e
P P R T — At o —— o ——— —_——_—— =~ - — =

and at Test 2 showing the © and P values for the

comparison of patients and controls at each test point.

TABLE 116, Mean fibrinolytic activity (F.A. diameter of
{ysis ~mm) resting, after 15 minutes venous occlusion,

and the increment (occluded-resting) in 30-59_year

- . . e v e v v o . - e A i = — e e e w e

T v v fo e vt v o vt e m e e v e e e v b o e m Al A ma S e e ey AR A e o e e — -

1 and at Test showing the t and P values for the

comparison of patients and controls at each test point.

TABLE 117. Mean fibrinolytic activity. (F.A.diameter of
lysis -mm)> resting, after 15 minutes venous occlusien,
and the increment (occluded-resting) in all_normal
Lipid, _smoking_patients and in akl_normal_iipid,

i e oy v B = v v e

and P values for the cbnuaarison of patients and

.controls at each test point.

TABLE 118. Mean fibrinolytic activity (F.A. diameter of
lysis -mm) resting, after 15 minutes venous occlusion,

and the increment (occluded-resting) in 30-39_vyear

— —— o — e v v R o - am - — o —— —_——— - — A S

2 showing the t and P values for the comparison of

patients and controls at each test point.

TABLE 119. Mean fibrinolytic activity (F.A. diameter of
lysis ~mm) resting, after 15 minutes venous occlusion,

and the dncrement {(occluded-resting) in 40-49_year

= - PN W m A0 e ben e e —— e —— -y - e - ——— vy P v
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Test 2 showing the t and P values for the comparison of

patients and controls at each test point.
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TABLE 120. Mean fibrinolytic activity (F.A. diameter of
tysis —mm) resting, after 15 minutes venous occlusion,

and the increment (occluded-resting) in 30739 year

—— e e e _— e — —_——_—— N Am v - R A A

Test 2 showing the t and P values for the comparison of

patients and controls at each test point,

TABLE 121. Resting plasma fibrinolytic activiiy, healthy

controls compared with C.H.D. patients at two test
points and showing the P vatlues of the results of
comparison of total groups, subjects with normal
lipids, normal lipid non-smokers, normal Lipid smokers
and abnormal Llipid subjects. indicates C.H.D;
patients had Llower mean Level than c¢orresponding
controls. indicates C.H.D. patients had higher mean

tevel than corresponding controls.

TABLE 122. Resting plasma Tfibrinolytic activity after
15 minutes venous occlusion, healthy controls compared
with C.H.D. patients at two test points and showing the
P vatues of the results of comparison of total groups,
subjects with normal Lipids, normal Lipid non-smokers,
normal Lipid smokers and abnormal Llipid subjects.
indicates C.H.D. patients had Lower mean Llevel than
corresponding controls. indicates CJLD; patients had

higher mean level than corresponding controls.

33
Page

448

453

454




3¢

ACKNOWLEDGEMENTS.

I wish to acknowledge the help and encouragement I
have received from many people in the preparation of this

Thesis.

- Dr. J.F. Davidson, Consultant Haematologist, Glasgow
Royal Infirmary who helped me design the study,
encouraged me to complete it and constructively

¢riticised its presentationa

- Dr. I. Hutton, Senior Lecturer in Cardiotogy,

University of Glasgow whose patients were studied.

- Mrs. F. McCall, Mrs. J. McKenzie, Mrs. R. Robertson &
Pr. J.A. Conkie, Thrombosis Research Group, Glasgowu
Royal Infirmary for their expert technical assistance
in the Laboratory and for the many holUrs which they
spent talking to patients and volunteers having

"venous occlusion tests®™.

- Dr. G.A. McDonald, Consultant Haematologist, Glasgow
Royal Infirmary, who advised me on my Higher Medical

Training. \




Prof. H.Gr Morgan, Professor of Pathologicatl

Biochemisfry, Dr. F. Ballantyne, Principal Biothemist
and the staff of the Department of Clinical
Biochemistry, 6GLlasgow Royal Infirmary, wheo arranged
apnd who narfied out the several hundred plasma Lipid

profiles needed for this study.

The Wellcome Trust for a Research Travel Grant which
enabled me to visit the Gaubius Institute, Leiden,

Netherlands.

The patients and veolunteers who consented wiltingly

and complained seldom.

Mr. A. McbDonach, Centre for Industrial Innovation,
University of Strathclyde, who wrote the programmes

for the Apple II.

Mrs. D. Hamitton who typed the manuscript so

expertly.

and my family who tolerated me throughout.

40




SUMMARY .

This thesis reviews the Literature relating to the
various factors which are important in the development of
clintcally significant coronary artéry atherosclerosis.
The pathogenesis and progress of atherosclerotic Lesions
are considered and the Literature regarding the various
so~called coronary heart disease (C.H.,D.) "risk factors"
examined. The importance of two main non-modifiable “risk
factors”", age and sex, and three main modifiable "risk
factors", cigarette~smoking, hypertension and increased
plasma Lipid levels, d9s discussed, A possible
relationship between poor plasma fibrinolytic activity and
the risk of developing C.H.D. is postulated.

Current knowledge about the various components of the
fibrinolytic system is presented and evidence of
physiotogical and pathological variations in fibrinolysis
considered.

A standardised procedure for measuring plasma
fibrinolytic activity in euglobulin fractions applied to
fibrin plates was introduced and details of this procedure
are presented along with the results of a number of
experiments carried out to examine the effect of varying
different aspects of the standardised procedure.

As previously reported by other researchers, plasma

fibrinolytic activity has been shown, normally to increase
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LocaLLy.in response to venous occlusion of a Limb. A
fifteen minute venous occclusijon test of an arm was
developed and assessed as a means of studyfng the
fibrinolytic response Lo a challenge. Tﬂis test has been
found to he reproducible and acceptable to both healthy
male volunteers and male patients.

| In agreement with other workers, plasma fibrinolytic
activity, resting and post venous ochusibn, has been
found £o vary in relation to the existence of a number of
the C.H.D. "risk factors"” - in particular to plasma Llipid
levels but also, probably, to age and to diastolic btood

pressure. No direct reclaticonship between cigarette

smoking habit and plasma fibrinolytic activity could be

defined. Male subjects only were studied.

The relationships between plasma fibrinolytic
activity and C.H.D. "risk factors" were present both in
healthy controls and in men known to have Cu.H.Da.

Results are presented which suggest that C.H.Df
itsetf is associated with reduced plasma fibrinolytic
activity at rest and, possibly, post venous occltusion.
This impaired fibrinolytic activity appears to be
independent of co~existing C.H.D. "risk factors'.

It is not possible, from the evidence obtained in
this study, to comment on whether impaired plasma
fibrinolytic activity is an important factor contributing
to the risk of developing C.H.P. or is a secondary effect

of the disease,.
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PROLOGUE.

Without gquestion coronary heart disease (C.H.D.) is
the major cause of death in middlLe and old age in the
United Kingdom. In men aged 45 = 54 years, cardjovascular
disease is responsible for about 50% of all deaths and
more than three quarters of these deaths are due to C.H.D.
(Joint Working Party report - 1976). These figures are
perhaps even more striking when it is realised that
probably the most emotive scourge of modern medicine,
cancer, claims a mere 26% of all deaths in this age group.
Within the United Kingdom, the highest rates for dischaenmic
heart disease and cerebrovascular disease mortality are in
the North and West, the worst region being West Central
Scotland (Fulton et al 1978). The problem of the very
high mortality from C.H.D. in Scotland as a whole was
further émphasised by figures from the Worid Health
Statistics Annual report for 1972 (Morld Health Statistics
Annual) which idindicated that Scotland was second only to
Finland in having the highest rates in the world for men
aged 35 - 64. Even so, death rates tend to underestimate
the real size of the problem. Many people develop C.H.D,
which may be severe and even disabling, yet they die of
other causes,

The precise reLationghips between clinjcally observed

end-stage events of C.H.D. -~ myocardial infarction,

cardiac failure, arrythmias or sudden death = and coronary
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atherostlerosis are not understood. That atherosclerosis
is the ctause of occlusive arterial disease s, of course,
a wideiy held view, but whilst {tis certainly true that a
¢close positive corretation does exist between the
incidence of atherome and C.H.D. death rates in mahy
countries, there are also some very striking
disassociations (Morris and Crawford 1958; Crawford and
Crawford 19672,

The exact role of thrombosis in C.H.D. 1is also
confused. For many years there was genersl acceptance
that acute heart attacks were usually the result of
thrombosis ocourring in one or more atherosclerotic
arterjes. Since then, however, evidence has accumulated
~that a proportion of patjents whe die suddenly have no
demonstrable coronary thrombosis, although they may have
severe c¢oronary artery atherosclerosis (Spain et al 1969;
Friedman et al 1973),

Not ocnly are the relatjonships between a) C,.H.D. and
atherosclervsis, and b) C.H.D. and thrombosis confused,
but the exact role of thrombosis in the development of
athercosclerosis also has a long history of debate.
Although the precise mode of initiation of atherosclerosis
is not known, it seems lLikely that thrombosis may not play
the tentral role at this stage of plaque formation.
However, there is evidence that thrombosis is the major
factor determining extension of atheromatous Llesjons and
thrombosis certainly is important in the pathogenesis of

ctinically evident occlusive C.H.D.
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Perhaps 1in view of the evidence +implicating
thrombosis 4in the evolution of atherosclerosis, there has
"been a reawakening of dinterest in the role of the
haemostaf1c system in the pathogenesis of cardiovascular
disease. There has been a veritable explosion of interest
in the possible role of platelets, not only in thrombosis
but also in atherogenesis.

Considerable interest has also been shown in the
postulate that normally in vivoe c¢oagulation and
fibrinolytic activity are in equilibrium and that
imbalance in favour of fibrin deposition will Lead to an
increased thrombotic tendency and accelerate
atheroscLerotic'changes.

Prospective epidemiclogical studijes are currently
underway investigating 1in detail various parameters of the
haemostatic system in relation to eventual C.H.D. (Meade
and North 1977). Much of the work already reported has
been concerned.with identifying factors Likely to promote
increased fibrin formation but the haemostatic¢c equilibrium
may be upset if there is a reduced capacity to lyse even
normal amounts of fibrin. Thus, 49t 95 postulated,
defective fibrinolytic activity may increase the tendency
to form stable thrombi.

Because of the relative Lack of ‘information about
fibrinolytic activity in patients with arterial disease
and in particular with C.H.D., it seemed worthwhile

attempting to establish whether or not the Llevels of

plasma fibrinolytic activity in patients with C.H.D. were
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the same or different from the levels recorded in 'normal?
subjects.

The aefiotogy of C.H.D. is mQLtifactoriaL many
different so-~called "risk factors" having been
investigated and many rejected, It is clear however that
certain groups of individuals are at increased risk of
developing c¢linically evident C.H.D. In this thesis the
levels of plasma fibrinolytic activity have been examined
in sub~groups of -individuals with evidence of accepted
C.H.D. "risk factors™ and compared with the levels found

in individuals considered to be at lLess risk.
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CHAFPTER 1.

ATHEROSCILLEROSIS AND THROMBOSIS.

INTRODUCTION.

Before embarking upon the main substance of this
thesis, it would seem useful to summarise some current
concepts of the nature of atherosclerosis and
atherogenesis and to review the sequenge of structural

events in arterjal thrombhasis.

ATHEROSCLEROSIS-MQORPHOLOGICAL FEATURES,

Atherosclerasis is often a frustrating disease to
study. It is a lLlifelong disease which has no symptoms 1in
its early stages and since there is, as yet, no adequate
non—~invasive method of detecting its presence, it is often
diagnosed only when the end—organs supplied by the vessels
are severely damaged. The problem is further complicated
by the fact that there is a lack of sujtable experimental
animal models: man appears to be unique in suffering from
spontaneous occlusjve atherosclerotic disease.

Crawford (1961) has succinctly defined

atherosclerosis as "a common process which affects the
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Large elastic and muscular arteries and which is

characterised by focal intimal thickening”. The thickened
areas consist of pfoLiferated connective tiséues, tissue
debris andlaccumuLafﬁons of plasma-derived Lipids and
other plasma constituents. The process is at once both
degenerative and ﬁroLiferat1ve ~ these two characteristics
being epitomized by the accumulation of Lipid and intimal
cell necrosis.on one hand and, on the other, by brisk

proliferation of smooth muscle cells«
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In very young c¢hildren there is wvirtualbty no intima,
the endothelium being separated from the internal elastic
lamina only by small amounts of glycosaminoglycan and
collagen fibres. After the first decade there is a
gradual idncrease in subendothelijal connective tissue. Low
densaity Lipoprotein (LPL) and most other plasma
macromolecules are present in normal intima. In yaung
chitdren LDL is present 4dn small amounts only but the
Levels intrease 1in the second decadé and reach adutt

Levels by the late twenties (Smith 1974).

e it o B e

From early infancy onwards, tiny deposits of Lipids
may be visible in the intimae of Large arteries such as
the aorta. They have been recorded even in foetal

arteries (Sinzinger et al 1975)., In the aorta and in the




corona?y arteries, these lesjons initially appear as
discrete, barely elevated, yellowish dots. Eventually
these dots coalesce to form the yellow streak-Lesions
which are commonly visible naked-eye at autopsy. It is
not known whether or not these fatty streaks are related
to the cLassicéL fibrolipid plagques archetypal of
atherosclerosis since tﬁe common and ubiguitous juvenile
fatty streak is a poor predictor for clinically
significant disease (I"IcGi-l_L, 1968).

In the common type of juvenite fatty streak the Lipid
is dintracellular and there is Little connective tissue
proliferation. However another type of fatty streak,
oceurring 1in young adults, has been described (MfGiLL
1974) in-which the Lipid is extra~cellular and there is
hecrosis of intimal smooth muscle celis. It i1s suggested
that these Lesjons may be progressive and consistute

precursors of fibrolipid plaques.

Gelatinous Lesions,.

These tiny translucent, colourless or palbe pink
Lesions are easily missed unless careful examination of
the aortic intima is made. There is very Little data
relating to their frequency opr distribution (Smith 1975).
Histologically they consist of oedematous separation of
thickened colttagen fibres and they contain increased
amounts of all plasma consistuents but especially
fibrinogen and Low density lipoprotein (Smith 1975).

In corconary arteries they have been {found
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micrascopically, starting in ithe second decade (Velican
and Velican 1979.
The place of these Lesions in the atherosclerotic

order is poorly understood.

»
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This is regarded as the archetypal Llesion of
atherosclerosis and its frequency in different populations
is a good predictor of ochusive arterial disease. These
lesions consist essentjaltly of a yellow, lipid~rich, basal
pocol covered by a connective tissue cap of variable
thickness, In some the cap is the predoeminant element and
the Lesion has a pearly white appearance but in others the
basal poot of lipid and tissue debris may be massive and
separated from the vessel ltumen by anly a thin cap of
fibromuscular tissue. Other wmorphotogical features such
a5 calcification, haemorrhage, ulceration and thrombosis
are frequently superimposed on this basic morphology. In
the mass of Lipid under the cap there is marked increase
in‘the proportion of free (unesterified) cholesterol but
the major component is cholesterol ester probably derived
from plasma LDL although the LDL content of the actual

lesion is5 lLow (Smith 1981).

Fibrin in Arterial Wall Lesions.

Smith et al (1976), have described a method for

assessing the concentration vof fibrin present in normal

5

1




intima .and in lesions by removing intimal fibrinogen and
then digesting the insoluble fibrin to D and £ fragments
which can be measured. NorﬁaLLy, in heatthy intiha,
fibrinagen and fibrin are present in the same Low
concentrations. Early gelatinous Llesjons show a
relatively greater inereased content of Lipoprotein and
fibrinogen than fibrin. In Uipid-rich areas of gelatinous
plagues fibrin is the major plague component but there are
also high levels of fibrinogen, free Llipoprotein and bound
lipoprotein.s High concentrations of fibrin are associated
Wwith high lLlevels of bound Lipoprotein which can be
released by plasmin ~ suggesting that the Lipoprotein is
bound to fibrin possibly at the coltagen fibrin interface

(Smith 1981).

ATHERQOGENESIS.

Since smooth muscle cell proliferation seems to be an
integral part in the formation of atheroscterotic plaques,
insight into the causes of arterial smooth muscle cell
proliferation is essentaral in the understanding of plaque
formation. Without the proliferation of modified smooth
muscle cells in the arterial intima, it is unlikely that
the typical atherosclerotic plaque could develop, for, not
only do these c¢ells constitute the most signifticant
element of the plaque cell poapulation, bhut they also
synthesize the extracellular connective tissue matrix
which is such an important part of the plaque substance

(McCullagh and Balian 1975, Narayanan et al 1976).
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Two main theories of atheroéenesis currently vie for
support. The first is an old hypothesis which states
plagues form in ;esponse to injury to the arterial wall.
The second, competing, hypothesis was first proposed about
five years ago and states that the plagues are benign

tumours.

- s Rt ek A et WP bt e ATE o e ——————

Since atherosclerosis is5 an 4dintimal Llesion, the
endotheLiQm and factors which injure it are important.
Blood constituents gain actess to the vessel wall where
the endothelium is injured and the permeability of the
watl is increased. Plasma proteins accumulate at sites of
vessel injury (Mustard et al 1974 and cholesterol from
the blood also preterentially . accumutates where there s
increased praotein accumulation (Somer and Schwartz 1972).
It has been shown that, both in experimental animals and
in humans, early vessel wall atherosclerotic changes occur
at sites of vessel §njury (Jorgensen et al 1972, Moore
1973).

A direct Link between vessel injury, plateltets and
atherosclerosis was established when Ross and his
colleagues (1974) observed that when blood clots, the
platelets release a factor which stimulates smooth muscle
proliferation. They have shown that aggregated platelets

release a heat~stable, low molecular weight (MW 13,000




daltons), basic protein which stimulates smooth muscle
celts from monkey arteries to synthesize DNA and divide so
that the cell population in cultures doubles within 48 ~
60 hours of adding this platelet growth stimulating
protein.

Endothelial damage to vessels in a variety of animal
models has been shown to Lead to the rapid migration of
smooth musclte cells from tﬁe media into the intima where
they proliferate (Ross and Glomset 1976, Stemerman and
Spaet 1972.) With a single injury the resulting Lesions
do not appear to contain much Lipid with the smooth muscle
but repeated injury produces raised atheromatous Llesions
rich in cholesterol {(Friedman et al 1973).

Further evidencé of the'importance of pltatelets in
the initiatien of intimal smooth muscle cell proliferation
has been obtained from studies of animals made
thrombocytopenic (Mecore et al 1976 Jand in animals given
drugs to inhibit platelet interaction with the vessel wall
{Harker et al 1976). In atl of these, vessel dinjury
resulted in less atﬁeroscterosis than tn normal animals
similarly injured.

Proponents of the response to injury hypothesis
assert that, in animaleodeLs, almost any type of chronic
injury, mechanical, chemical or immunological Lleads to the
development of lesions resembling human atherosclerotic
plagques. Supporters of this hypothesis suggest that
humans may suffer arterial injury from hypertension, from
antibodies to, or carbon monoxide from cigarette smoke and

from high concentrations of blood Llipids.




e - Al L Ak e e e — - —— a —— A e P Mt S M A7 SAE T W AIH v e rd et o . mam T e e Ty — — T h 3 B b

In 1973 Benditt and Benditt propocsed a new
hypothesis, the monﬁcLonaL theory of étherogenesis which
proposed the smooth muscle cell prot{feration Within the
fibrous plagues wés monoclonal in type. >Thus the process
is more closely related to a bhenign Smoothlmuscle tumour
than to repair following injury.

This approach stems originally from observations made
by Lyon (1961} relating to the random finactivation of one
X chromosome 1in every adult female cell. Usually this is
of no significance, since both X chromosomes code for
similar enzymes;

However, glucoese - & = phosphate dehydroéenase (G6PD)
is a special case since it can exist in at least two
electrophoretically different iscenzyme forms - type A and

"marker" gene.

type B. The G6PD gene therefore acts as a

Analysis of atheromatous plagques from Negro females
heterozygous for G&6PD showed that the plagques consisted
solely or at least predominantly of cells containing only
one isoenzyme, A or B, whereas in the surrounding Llesion-
free aortic intima both isoenzymes A and B were present.
{Pearson et al 1975, 1977, Benditt 1977>. The conclusion
was that the plagques must have arisen from a single type
of cell - hence the term "monorlopnal®™., The recognised
"r1sk factors” for example, cigarette smoking, low density
and very low density lipoproteins are compatible with this

theory since they may act as the mutagens which trigger

the proliferative process.




Not all workers, however, accept Benditts
interpretation of his findings (Martin et al 1974, on the
grounds that there may bé other explanations of the

finding of only cne cell type in each lesion.
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The suggestion that thrombaosis may play a part in the
growth of atherosclerotic plagues is by no means new,
since it was first presented some 135 years ago. The
“thromogenic or encrustation theory" was formulated
originally by wvon Rokitansky din his Handbook of
Pathological Anatomy which appeared first in German in
1842 and was translated into English ten years later. Von
Rokitansky believed that substances derived from the
blood, in particular fibrin, Were deposited on the
endothelial surface of the arteries. These substances, he
considered, probably underwent fatty metamorphosis and
other degenerative changes with the eventual formation of
a pulpy mass containing cholesterol crystals, fat
globules, albumin and calcareous salts. Von Rokitansky
thus described fairly typical atherosclerosis. As
quoied by buguid (1976), in 1936, almost a hundred years
after Von Rokitansky's original publication, Clark et al
further emphasised the role of thrombosis in
atherogenesis. They examined atherosclerotic plagues and
grossly identifiable mural thrombi on the intimal surface
of human aortae and coronary arteries and were impressed

by the gradual transition of mural thrombi, to deposits




which were covered by endothelium and which were partly or
entirely organisea to collagenous tissues containing
proliferating cells. Other plaqgues showed evidence of
multiple Llayers of homogenous material w1tﬁ the staining
properties of fib}in separated from each other by fibrous
tissue. This they interpreted as recurrent depositjon of
blood elements with subsequent organisation.

However, Clark's work seems to have had very tittle
impact on concepts prevalent at the time about the nature
of the disease and perhaps the name most commonly
associated with the "thrombogenic theory" js that of
puguid. In @ monograph published in 1974 Duguid relates
how shortly after the Second World War, he reviewéd the
"thrombogenic theory” and extended 4§t to explain a number
of aspects of atherosclerosis (Duguid 1946, 1948). 1In a
series of publications he stressed two features
fundamental to an understanding of the “thromogenic
hypothesis", Firstly, he peinted out that ﬁf the
increased fibrous tissue demonstrable in the arterial
intima in atherosclerosis was the result of preceding
degenerative changes then jt would tend to reduce vascular
elasticity and cause dilatation of the arteries, and not
produce the narrowing characteristically observed 1in
atheromatous vessels. When a mural thrombus persists on
an arterial surface it becomes covered by endothelium
proliferating from the adjoining unaftected surface and it
becomes dincorporated into the intima by organisatiaon
causing thickening of the vessel wall. Recurrent

thrombotic episodes result in significant reduction of the

57




arterial Llumen. Secondly, Duguid stressed that the
processes of fincorporation into and merging wWwith the
intima would tend to obscure the thrombotic origin of the

lesion.
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Puguid's morphot0g1caL eabservations were soon
confirmed, (Heard 1949, Crawford and Levene 1952) but
until about 20 years ago both the supporters and "the
opponents of the "thrombogenic theory" tended to refer to
fibrin deposition rather than mural thrombosis, as if the
two terms were synonymous.

However, it must be realised that the finding of
fibrin on or within the arterial intima does not itself
constitute a prima facie case that mural thrombosis has
occurred since there may be other explanations for dts
presence. It is of interest that the important role of
platelets in the formatijon of thrombi has had to be re-
established in connection with the thrombogenic theory of
atherosclerosis. The finding,K of platelet agdregates
within plagues. provides much stronger evidence of mural
thrombi. Using a fluerescent antibody technique Carstairs
(1965) described the presence of platelets in
atherosclerotic lesions. Subsequently it has been showun
that platelet antigens exist only in fibrolipid plaques
and not in fatty streaks (Woolf and Carstairs 1967, Hudson
and McCaughey 19742,

Residua of mural thrombi may be seen in up to 90% of

lesions in any single aorta and in the coronary arteries
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in up to 33%. The frequency with which such incorporated
thrombi occur correlates well with the incidence of
coronary arterial ochusfon and it has been shown that
smoking and hypertension may haﬁe an incremental effect on

the incidence of thrombotic residua. {(Woolf et al T1969).

Many animal models have been devised to study the
natural history of mural thrombi (Woolf et al 1968, Moore
1973). Within a few days of thrombus +4dnduction
endothelialization can be seen (DPavies et al 1975) and
about 3 weeks Later a fibromuscular plague containing
quantities of tipid are observed. These lesions closely

resemble the {ibrolipid found in human arteries.

The Role of Thrombosis:

D e e ek e o T PP = )

It appears, therefore, that mural thrombi occur
frequently in association with human atherosclerotic
lLesions and Trom the animal experiments it seems that thé
presence of a thrombus can elicit a brisk proliferative
response in the subjacent wall. Although the
"thrombogenic theory” has a definite place in any
congideration of the evolution of atherosclerosis, there
is certainly not universal agreement on the precise role
of thrombosis in atherosclerosis. Not all features of
atherosclerosis can be explained oﬁ the basis of the
“thrombogenic theory", in particular, the theory as
proposed does not explain why thrombi are deposited in the

first place. From current evidence, it seems most Llikely
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that the major role of thrombosis is in plague growth and
in the ﬁrogressfcn of atherosclerotaic lesions. Thrombosis
ijs Lless Likely to be a significant factor 4n fhe
initiation of the disease, even though embolic thrombi
héve been shown to be able to give rise to plagues in
previously normal arteries (Chandler and Terrell Pope

1975).
STRUCTURAL ASPECTS OF ARTERIAL THROMBOSIS.

The fate of a thrombus depends on many different
factors including its composition, +dts site and dts
stability. Perhaps one of the more important and often-
forgotten features of thrombosis is that the thrombi
themselves are in a c¢ontinuous state of formation and

dissoclutian.

Mechanisms_Iin_the Formation _and Disselution_of Thrombi,

Early investigators realised that thrombus formation
involved a complex series of interactions between the
vessel wall and blood components, both cellutar and
pLasmatic. Qur understanding of the processes involved
has expanded rapidly over the past 20 years but there are
stiltl many gaps in our knowledge.

When the endothelial surface of a vessel is damaged,
platelets come 1into contact with subendothelial
structures, and a series of reactions which result in the

formation of a platelet aggregate and subsequently a
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thrombus is dJnitiated. Platelets adhere to cértain
subendothelial structures including the basement menmbrane,
coLlagén and microfibrils. (Hﬁvig 1963, Stemerman et al
1971, Baumgartner 1974). When platelets adhere to
collagen they are stimulated to release the contents 5f
the1r amine storaﬁe granules.

In addition to releasing their granule content, when
platelets c¢come dnto contacvt with collagen, free
arachidonate 1s formed from membrane phospholipids. This
arachidonate is c¢onverted enzymatically to a number of
substances including the prostaglandin endoperoxides -
PGG, and PGH; - and thromboxane A, (Hamberg et al 1975,
Bills et al 1976). Both the ADP released from the amine
_storage granules and the arachidonate intermediates can
cause disc shaped platelets to change shape and become
spheres with pseudopods. (Kinlough~Rathbone et al 1976).
PlLatelets which have undergone this shape change are able
to stick to each other and to platelets adherent to the
vessel wall, resulting in the formation of platelet
aggregates.

Endothelijal damage and thg platelet reaction also
result in actijvation of the coagulation system. Factor
XII 9s activated by collagen (Niewiarowski et al 1966,
and when the endothelium is injured, tissue thromboplastin
becomes available (Nemerson and Pitlick 1972). When
ptatelets comes into contact with each other Tactor XII 4s
activated. (Walsh 1972a). In addition, platelets may also
directly activate Factor XI when they come into contact

with collagen. (Walsh 1972b). The ctoagulation reactions
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are fufther_acceLerated by the presence of platetet
membrane phospholipids (Joist et al 1974), so that in and
around‘a platelet aggregate, thrombin is generated.
Thrombin itself causes platelets to c¢change shape and
adhere fo each other, to release thejr granule contents
(including ADP)_aﬁd to produce prostaglandin endopercxides
and thromboxane A,. The ADP and arachidonate products
induce further platelet adhesion so that the platelet mass
growsa.

Stabilisation of the platelet aggregate resultis when
sufficient thrombin is formed to convert fibrincgen to
fibrin and the polymerzing Tibrin adheres tightly to the
platelet mass (Niewiaroski et al 1972). The fibrin which
forms around fhe plLatelet mass holds the platelets
together (Hirsh et al 1968). Without it, platelet
aggregates break up readily under the influence of flowing
blood.

Vessel wall damage causes the release of plasminogen
activators (Niisson and Pandol{fi 1970) probably from the
endothelial cells. Further activation of plasminogen to
plasmin results from the activation of Hageman factor.
Since the platelet aggregates break up readily, Lysis of
the fibrin holding the platelet mass together can disrupt
the thrombus. Thus fibrinolytic actijvity may be an
important factor in deciding the eventual fate of the
platelet aggregate =~ dissolution or persistence as a
thrombus.

Patterns of blood flow are important in determining

the size of a thrombus. Thrombus formation is greater in




regions of disturbed blococd flow (Goldsmith 1972}, wheré
particles of platelets become trapped in vortices Long
enopgh to faEiLitate their_interactiéns ujth each other,
and with the vessel wall. Clinically occlusive arterjal
thrombi seldom occur except in areas of disturbed blood
flow, such as at ' a stenosis,., In areas where there is a
high flow rate, the shear caused may dislodge part or all
of a thrombus.

It is of c¢linjcal importance that thrombi are
essentially dynamic structures. A wmural thrombus may form
at a site of vessel damage, persist for a brief period
then embolize into the distal ¢irculation. Reformation of
a thrombus at the +injured site usually occurs but this
seems to be normally a limited process and it is not known
how Llong an injured vessel wall can stimulate platelets to
interact with it. In fact, the available evidence
suaggests that the 1initjial stimulating effect of the

subendothelial structures may be lost rapidly in vivo.

The Effect of Thrombus Formation_on_ the Vessel Wall.

Thrombi affect vessel walls where they come into
contact WwWith them, producing further damage. On
activation, platelets release a number of substances
including arachidonate intermediates, nucleotides,
serotonin and cationic preotein, which increase vessel wall
permeability (Packham et al 19268, Nachman et al 1972).
Activated platelets alsc release or form collagenase and

elastase which can digest collagen and elastin din the
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vessel wall. (Chesney et al 1974, Robert et al 1977).
When platelets are stimulated they form a2 material known
as HuE,T.E; (12 - L ~- hydroxy -~ 5,8,10,14 -
eicosatetraenoic acid) which 49s chemotactic for
poLymorphnnu;Lear leukocytes (Turner et al 1975) and a
factor which iﬂteracts with the fifth component of
complement to preoduce a chemotactic material (Weksler and
Coupal 1973). The polymorphs attracted by these agents to
the injury site may also release substances which affect

the vessel wall.
CONCLUSION.

It is abundantLy.cLear that the process involved in
the inititation of atherosclerasis and the evolution of
plagues to cause clinically significant disease involve a
highlLy complex and interactive series of events. This
being so it s evident from the outset that the aetiology
and pathogenesis of étheroscLerotuc disease must be truly
muttifactorial.

The development and subsequent persistence of
clinically significant thrombi may be the result of
imbalance between f{ibprin formation and dissolutiona
Thrombolysis may be impaired in subjects with reduced
fibrinolytic activity.

It is the aim of this thesis not to become involved
in the debate about the mode of {dnitiation of
atherosclerosis but rather, accepting that thrombosis 1is

important in the evolution of Lesjons, to examine the
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hypothesis that patients with atherosclerosis, in
particular coronary heart disease, or at increased risk of

developing coronary atherocsclerosis may include a

65

popultation whose thrombotic tendency 4is increased by poor °

fibrinolytic activity.
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CHAFTER II.

"RISK FACTORS" AND CORONARY HEART DISEASE,

INTRODUCTION.

Much energy has been expended in the attewpt to
identify individuals or groups of dindividuals at
particular risk of coronary heart disease (C.H.DY. The
term "risk factor” s widely wused to describe
characteristics found in-groups ﬁf healthy individuals
which are related to a subsequent increased incidence of
C.H.D. It must be emphasised that "risk factors" are
associated only with an 1increased future risk of disease
and the term is not generally meant to imply that there is
always established proof of a ctausal relationship.

In spite of the vast amounts of research eftort which
have been poured into determining the so-called "risk
factors" for C.H.D., these Tacters have proved at best
only group markers. Prospective studies, such as the
Framingham Study, certainly show that "high risk™ patients
(as defined in terms of three major “risk factors" -
hypertension, raised lipid Llevels and cigarette smoking?
are about three times more Likely to develop C.H.D. than
patients in the "low risk" category, but these comparisons

are between groups at risk =~ "high risk" group compared
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with "low=risk" group. MWithin a "high~risk™ group these
markers are of poor predictive value. In a group of 100
men wWwith the three majob."risk factors" only eight uﬁLL
have clinical signs of C.H.D. in the subsequent 10 years
and ninety-two will not (Intersociety Commission for Heart
Disease Resources 1970).

Certain "r+isk factors" identifylan individual with

_"high risk status™ but are not modifiable. ©Of these non-
modifiable "risk factors", age and sex are obviously the
two most important. ©Other "risk factors" such as smoking
and blood Lipid levels are, however, potentially
modifiable and it is these factors which have provoked
particular 1interest in terms of possible _C,H,D.
prevention.

In a multivariate study reported by Keys et al
(1972, five variables were included: age, systolic blood
pressure, seruin cholestercoi, smoking and body mass index.
They did not find that body mass index (defined as a

function, weight!height2

) contributed significantly to the
overall risk in the presence of other variables in either
the Furopean populations or the American populations
studied., It would appear that the three most important
modifiable "risk factors™ are hypertension, blood Lipid
Levels and cigarette smoking.

It is the purpose of this chapter to consider each of
the major C.H.D. "risk factors"™ in turn and to examine
briefly the importance and, where possible, the Likely
mechanism of the risk associated with each of these

factors.
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AGE AND SEX.

It is certainly popularly believed that men in their
forties and fifties are the section of the community most
commonly afflicted by C.H.D. and indeed, in the United
Kingdom, hospital admissions for C.H.D. do rise to a peak
in middle—-aged men. However, the age—specific incidence
and mortality rates for C.H.D. rise more or Lless
Logarithmically throughout Life, approximately doubling
for every ten years of advancing age. The male: female
ratio diminishes progressively from a maximum of around 6

1 in the under 40 year olds to near equality around 80

years, (Joint Working Party Report 1976).
HYPERTENSION.

Hypertension 1s recognised as one of the major
precursors of atherosclerotic vascular lLesions. The
clinijcal evidence is compelling, In coarctation of the
aorta, atherosclerotic changes are found predominantly in
the high pressure area above the constriction and 4in
rheumatic mitral valve disease the resulting pulmonary
hypertension fis associated with pulmonary artery
atherosclerosis.

The epidemiological evidence from prospective studies
is equally convincing. In the Framingham population,
Kannel and Dawber (1974), demonstrated that a significant

independent relationship exists between the height of the
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blood pressure, particularly at systote; and the
probability of developing Culabu Essential hypertension
is‘presumed to exist uhen_fhe blood pressure rises above
some arbitrary value {(most cdmmonLy‘160f95 mmnHg .
Certainly this lLevel serves to identify indivﬁduéts at
high risk from atl the major cardiovascular diseases but
the risk i1s retated to the height of the blood pressure,
even in non-hypertensives, and there 15 no discernible
threshold. For men in their forties the incidence of
C.H.D. dincreases by almost 20% for each 10 mm. rise in the
systolic blood pressure., This means that, with a systolic
bLood pressure of 160 mmHg, the C.H.D. risk 1is almost
twice that at 110 mmHg. At lévels exceeding 180 mmHg the
risk gradient becomes even steeper. With increasing age,
hypertension becomes more prevalent and its significance

as risk factor does not diminish.

Reversal of Risk:

Obviousty individuals with severe hypertension are at
particular risk but, in community terms, mild hypertension
contributes much more to the oc¢currence of C.H.D. As a
general guideline, the Joint Working Party report (1976)
suggested that diastolic blood pressure Llevets of 100
mmHg. or more in men under 65 years should be regarded as
justifying therapeutic interventijon. Although concrete
statistical proof is lacking, there is very suggestive
evidence that, amongst middle~aged men, the treatment of

hypertension will reduce the risk of C.H.D. {(Veterans
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Administratiﬁn Co-operative Study Group 1970) and there is
uneguivocal evidence from the same study that Lite 1is
proelonged and morbidity from strokes, congestive fTailure,
aortic aneurysm and renal failure is delayed by

controlling hypertension.

Relation_ to_Other TRisk Factors:”

Whilst the risk of C.H.D. is high amongst
hypertensives it is not uniformly so, for, although the
risk is proportional to the height of the blood pressure,
it varjes widely depending on associated factors also
contributing to it. Coexisting increased‘Lipid Lgvels
influence the risk associated with any blood pressure
level and fto further compound the difficulty, at any given
combination of Lipid and blood pressure levels, the risk
iz markedly influenced by other coexisting factors such as
cigarctte smokﬁng. Risk 4s further dincreased if there 1is
electro-cardiographic evidence of Lleft ventricular
hypertrophy. Risk can be shown to mount progressively in
proportion to the number of abnormalities present in

additien to hypertension,

The exact mechanism by which a raised systemic
arterial pressure results in atherosclerosis is still &

matter of conjecture. It seems atherosclerosis does not



occur aé random Llocations but rather at specific sites of
predilection which c¢an be precisely defined and predicted
(Texon 1977). A normal or ideal range of blood veoelume for
any given vessel requires a range of pressures and blood
flow rates which will not damage the vessel wall. It is
Likely, that 1in Hypertension, the major factor is local
endotheliat daﬁage caused by 1increased shearing stresses
and turbulence. However, altered blood flow patterns
within an artery.aLsc-affect certain functional parameters
such as the flux of protein across the endothelial barrier
(Fry 1973). Fry has also shown that, in experimentatl
models, shearing stresses exceeding & mN/cm2 cause
endothelial cells to become deformed and ult%mateLy eroded
from the subendothelial connective tissue. Exposure of
the subendothelium is followed by the formation of mural
thrombi and subseqguently by a fibromuscular plaque as
described in Chaper I.

A further possible mechanism for the risk associated
with hypertensjon has been suggested by Texon (1977). He
‘postulates that the Llocally decreased lLateral forces,
occurring in assacialion with increased blood velocity,
act as the initial stimulus producing the intimal
proliferation characteristic of atherosclerosis. Once a
plague does develop its presence causes distortion of the

bleod flow extending further the area of intimal damage.




CIGARETTE-SMOKING.

" Experi committees in many countries have concluded
that cigarette smoking is a major "risk factor" in
coronary heart disease. Evidence from several (arge
studies puts the risk for smokers of dying from C.H.D. at
about twice that for non-smokers. (Joint Working Party
report 1976). The risk is greatest amongst heavy smokers
(smoking more than 20 cigarettes daily) and in those who
start smoking at an early age. The relationship with
smoking is strong in young people and weakens with age.
In a study of male British doctors Doll and Hill (1964)
reported that the death rate due to C.H.D. in smokers aged
35 -~ 44 years wWas about five times that of non—smokers in
the same age range. It has been suggested that the fall
in relative risk in smokers with age may be the result of
progressive elimination of individuals particularly
susceptible to its effect. 'Some, but not all, studies
show that heavy cigarette smoking increases the risk of

sudden death.

Reversal _of Risk:

Many reports have shown a reduced risk of developing
myecardial infarction or of death from C.HeP. in those who
stop smoking. boll and Peto (1976) reported that
cessation of cigarette smoking is associated with a

reduced risk in normal subjects and Wilhelmsson et al
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(19?5) reported a similar reduction in risk in patients
who gtopped smeking afier a coronary attack.

The impact of giving up smeoking on total mortality és
Less however than the impact on C.H.D. incidence (Gordon
et al 1974)., Although a rapid fall of C.H.DP. mortality
occurs within the first year, it may take ten years or
more for the death rate of ex—smokers to reach that of

non~smokers, (Ball and Turner 1974).

Relation _to Other "Risk Factors:’

The relative risk of smoking is greatly fincreased by
the coexistence of other risk factors such as hypertension
or raised pLa;ma choiesteroL Levels. In terms of
cardiovascular disease, the risk is greatest for men,
under the age of 65, who have evidence of hypertension,
hypercholesterolaemia or diabetes mellitus or who have
tinexplained ECG abnormalities such as teft ventricular

hypertrophy.
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The mechanisms dinvolved are not entirely clear,
Endothelial damage may occur as g result of increases in
heart rate, blood pressure and plasma free fatty acid and
triglyceride levels induced by the nicotine stimulated
increase in catecholamines (Taylor et al 1974). Frost
(1973) exposed rahbits to cigarette smoke and found that

they suffered focal LlLosses of endothelial cells with
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subseqUent deposition of platelets onh the exposed
sgbendotheLial tissue. Abnormalities have also been
described in the endothelial Linings'of umbilical arteries
of neonates uhoselmothers smoked (Asmussen and Kjeldsen
1975) . |

Precursors bf mutagens such as aryl hydrocarbons
present in cigarette smoke may be important in initiating
smooth muscle cell proliferation, a role which would fit
into the menoclonal theory of atherogenesis, (Benditt
1977) .

The apparently prowmpt drop in the incidence of C.H.D.
when men stop smoking suggests that smoking has some non-
cupulative, trénsient, revefsible triggering effect which
may be more ‘dmportant than any direct ﬁnftuence on
atherogenesis. Inhaled cigarette smoke may fdncrease
platelet adhesiveness, raise carboxy haemoglobin Levels
and increase myocardial irritability. The Tact that there
is Little increased risk asscciated with c¢igar and pipe
smoking suggests that some particular aspegt of cigaretite

smoking, possibly inhalation, is a key factor.
PLASMA LIPIDS.

An association between Lipjd metabolism and
atherosclerosis has Llong been dnferred. Cholesterol and
triglycerides are transported in the plasma bound to
proteins in the form of Lipoproteins. There are four
major families of plasma (Jipoproteins: the chylomicrons

which transport the exogenous or dietary triglyceride; the
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very Lou density Lipoproteins (V.L.D.L.) or prewF
Lipoproteins, which carry the endogenous trﬁgLyceride; the
Low density Lipoproteins (L.D.L.) or P Lipoproteins which
represent the major transport vehicle for cholesterocl; and
the high density Lipoproteins (HDL) or ¢ Lipoproteins,
whose main (ipid components are phospholipid and
cholesteral esters.

Lipid and Lipoprotein studies in the past have
generally emphasised the positive relationship of total
cholesterol, L?L, VLDL and triglyceride to the risk of
C.H.D. (Gofman et al 1966; Kannel et al 1971). The
higher the concentration of any one of these bloed Lipids
the greater the risk of C.H.D. However, a report on a
cohort of the Framingham study population, aged 49 ~ 82
vyears (Gordon et al 1977) demonstrated that, in this age
range, the major potent Lipid "risk factor”™ was HDL
cholesterol which had an inverse association with the
incidence of C.H.D. In other words, the lLower the HDI
level, the greater the risk of C.H.D.

Recognition of the impact of HPL on C.H.D. 1is not
new. In 1951 Barr et al. commented on the reduction ofX
Lipoeprotein 1in atherosclerosis and this was socn confirmed
by a report from Finland (Nikkila 1953). In various case
control studijes, HDL Levels have been found to be lLower in
patients with C.H.b. than in controls., (Oliver and Boyd
1955; Keys and Fidanza 1960). SimilLarly in prospective
studies, Gofman et al (1966) reported lower HDL levels in
young men in whom C.H.D. Levels subsequently developed.

It seems that, for men at teast, HDL is a significant
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"risk factor" for C.H.D. even in the younger age ranges.
low levels of HDPL are associated Wwith increased risk for
C.H.D.

The Framingham study demonstrated that, at Lleast in
older men, (aged. 49 - 82 years) HDL cholesterol is the
major potent Lipid "risk factor” and elevated LDL levels
are a Less significant risk for C.H.D. than are depressed
HDL Llevels. (Gordon et al 1977). LDL cholesterol is
however also a "risk factor", there being a positive
relationship between LDL Levels and C.H.D. LBL 15 a
stronger "risk factor"™ in men at younger ages than at
older ages (Gofman et al 1966).

Rajsed serum triglyceride concentrations have also
been connected with C.H.D. but the evidence remains
somewhat ambivalent. In the Framingham study,
triglycerides seem to be associated with the incidence of
C.H.P. only in women and then anly when the Levels of
other Lipids are not taken into actcount. (Gordon et al
19773, Familial hypertriglyceridaemia seems not to be
associated with a high incidence of dischaemic heart
disease (Brunzetl et al 1976) and it is uncommon among
patients With acute myoccardial “infarction and thedir
retatives (Gordon and Kannel 1976).

A prospective study of 1648 Finnish men aged 50 - 53
years, however, demonstrated a significant independent
correlation between triglyceride levels in excess of 1.7
mmol/L and coronary hecart disease mortality (Pelkonen et

al 1977).
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What evidence is there that Lowering plasma Lipids
affects the risk of C.H.D.? Armstrong and Megan (1975)
reported regression of experimental atherosclerosis in
primates fed a fat modified diet.

Controlled trials of fat =~ modified diets in the
primary prevention of C.H.D. have suggested +that the
reduction of plasma lipids by controlling diet may be
beneficial in the primary prevention of C.H.D. (Dayton et
al 1969; Miettinen et al 1972). Results of secondary
prevention studies are Less.encouraging. Hypolipidaemic
drugs did not reduce the C.H.D. mortality in the Corohary
Drug Project (Coronary Drug Project Research Group 1975)
but they were given without regard to the presence or type
of plasma Llipoprotein disorder. It may be that drug
therapy could prove more useful if used only when

specifically indicated.

Association_with_Other "Risk_Factors":
A strong inverse relationship exists between plasma
HbL level and weight and somewhat weaker asscciations
exist betweeﬁ HDL Llevels and glucose intolerance and
systolic blood pressure (Gordon et al 1977). No
significant relationship has been demonstrated with either

cigarette smoking or Lleft ventricular hypertrophy.
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Mechanism of Risk:

AT B TS s Fm e P T T P AR e ey e

The (ipids found in fibrolipid atheromatoué plagques’
consist essentially of cholesterol and certain other
steroids, phoéphoLipids and a small amount of
triglyceride. These lipids are of course also present in
lesion—free areas of arterial intima and there has been
considerable debate as to how and why cholesterol, 1in
particular, accumulates in the vessel walls.

Preformed cholesterol is transported in the plasma
attached to very Llow density (VLDL), Llow density (LDL) or
high density (HDL) Lipoprotein. VILDL is catabolized
within the circulation and its metabolites returned to the
liver, but both LDL and HDL are transported across the
vascular endothelium by a process of mjcropinocytosis
(Stein and Stein 1973). LDL carries some twenty times
more cholesterol than HPL and is taken more easily into
the intimal cells where it is degraded by lLysoczymes and
deposits its cholesterol. HDL accounts for only a small
proportion of intimal cholestercl (Smith 1974).

Recent studies suggest that HDL may constitute a
factor which in fact inhibits the net accumulation of
Liptid 4n the intima {(Eriksson and Carlson 1973; Miller and
Miller 1973). Bondjers and Bjorkerud (1973) demonstrated
that when atherosclerotic rabbit aorta was incubated in
HPL the cholesterol content of the lesions fell. It seems
{ikely that HDL exerts an opposite effect to LDL in that

it promotes cholesterol retrieval from the same cellsa




Thus there are expérimental findings to explain some of
thechinicaL correlations thch have been described:
premenopausal females have higher HDL tevels than men,
fegutér exercise js associated with increases in HDL, and
the Framingham, Trcmsﬁ and Israeli groups observatjons
that HDL s inversely related to C.H.D. morbidity. (Gordon
et al 1977; Miller et al 1977; Goldbourt and Medalidie

1979 .
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In 1977, Morris et al reported that CHPI incidence was
highest in those taking the Lowest intake of dietary fibre
and that CHD incidence was inversely associated with total
energy intake. A high extraction rate of flour results in
reduced levels of essential fatty acids (Sinclair 1977).

Oliver (1979 has suggested how essential fatty acids
may play an importantlrote in the synthesis of different
prostagltandin derivatives and fhus on the halance between
platelet aggregating and anti-aggregating influences and
_possibLe thrombogenic mechanisms. There is good evidence
that vegeterians have a Lower incidence of CHD than non~
vegetarians (Philips et al 1978) but this may not be
related to diet alone since vegetarians almost certainly

differ from non-vegetarians in othepr characteristics.

86




OTHER "RISK FACTORS".

Many other Tfactors have been reported as being
important in the pathogenesis of C.H.D. In endoerine
disorders, such és disbetes metlitus, various metabolic
factors, including hyper—~lipidaemia, obesity and perhaps
hypertension, may combine to put an individual at risk.
To further complicate matters, antidiabetic therapy, diet,
oratl agents and insulin have all at some time been accused
of increasing the risk (Joint Working Party Report 1976).

The association hetween atherosclerosis and obesity
is still controversial. Obesity is usually associated
with the presence of .other "risk factors" such as
hypertension, diabetes melilitus, or elevated plasma Lipid
Levels and it is suggested that obesity is important as a
risk mainly because of fthese associationsa The consensus
of opinion seems to be that excess body weight should be
considered as a relatively Low ranked "risk factor'.

(Pelkonen et al 1977).

The role of physical activity and personality as,

independent "risk factors" of C<H.D. have been wWidely
examined, but these have proven extremely difficult to
evaluate.

The oral contraceptive pill has been acctused of
causing a risk of C.H.D. In under 45 year olds the
majority of pill users who develop clinical CuH.D. have at
Least one other "risk factor" - hyperlipidaemia,

hypertensicon or cigarette smoking. It is probable that
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oral cdntraceptﬁves add significantly to the risk of

developing C.H.D. only 1in those already at increased risk.
CONCLUSION,

The risk of Heveloping C.H.D. is dincreased in certain
identifiable groups of individuals. Some of those factors
associated with an increased risk of C.H.D. cannot be
modifieda Of those "risk factors" which are modifTiable,
hypertension, blood Lipid lLevels and cigarette smecking are
generaltly held to be most important.

Much research has been carried out in an attempt to

impticate and tb explain the possible implication of these

various "risk factors™ din the 1nifiiation of
atherosclerotic lesions be it by endothelijal damage or by
enhancing the Ltikelihood of abnormal <cellutar
proliferation. Each of these "risk factors™ howWwever may
also play an important role in the evolutionof plagues by
increasing the chances of thrombus formétion and/or
persistence.

C.H.D. mortality has fallen in the USA in.the past 15
years and more so than mortality from other causes (Gordan
and Thom 1975). Why thi1s should have occurred is
difficult to define since the '"American way of Life* has
apparently changed quite radically over this pericd with
altered dijetary, smoking and physical activity habit and

improved treatment of hypertension.
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CHAPTER III.

THE FIBRINOLYTIC SYSTEM.

BASIC COMPONENTS AND MECHANISMS.

INTRODUCTION.

Many proteolytic enzymes are capable of digesting
fibrin but the term "fibrinolysis" is, by conventian,
usually confined to the specific process of fTibrin
degrédation caused by the splitiing of a Limited number of
peptide bonds by plasmin generated in the plasminogen-
plasmin system. In essence this fibrinolyilic systenmn
consists of a number of elements Wwhich either promote cor
inhibit the conversion of & polypeptide proenzyme,
plasminogen, to the active serine protease, plasmin.
Plasmin has a broad substrate specificity but is rendered
relatively specific for fibrin in vivo by the nature of
the molecutar biology of the fibrin, plasminogen, plasmin
and antiplasmin interactions. This specific and Llimited
process allows clot dissolution to occur without the risk
of widesprecad proteolysis of other proteins throughout the
body.

In this chapter curreni toncepts regarding the basic
components and mechanisms of fibrinolysis and {its

induction will be reviewed. Since the Literature on the
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fibrinolytic system is vest, this review must of necessity

be selective.
HISTORICAL BACKGROUND.

Probably because it is seldom obtrusive enough to
attract attentaion, it is only within the past quarter
century that fibrinolysis has been appreciated as the
manifestation of a co—-ordinated physiological system.

Fibrinolysis has hcwever been known as a phenomenon
for about 200 years. As Long ago as 1794 Hunter recorded
that in animals chased to exhaustion, the blcod remained
ftuid in the vessels and did not clot when it was removed
from the body. It was however not until the beginning of
this century that Mcorawitz (1906) provided a partial
explanation for Hunter's observations when he discovered
that the blood from sudden-death victims contained no
fibrinogen and further that bleocod from these victims
destroyed fibrinogen and fibrin in normal blood. Morawitz
suggested fthat these phenomena were the result of
enzymatic activity (1906).

Spontaneous dissolution of fibrin clots in vitro was
observed by a number of authors. Denis (1838) observed
that the blood clots obtained in "wet cupping” redissolved
Wwithin a day and Green (1887) demonstrated that fibrin,
prepared from oxX blood, dissolved when incubated in saline
and could not by "re-clotted” by thrombin. The term
fibrinoclysis appears to have been coined by Dastre (18%3),

who observed that fibrin lysed when tLeft in contact with




blood from dogs who had been repeatedly bled. Some
Localisation of the source of this spontaneous in vitro
fibrin lysis was obtained when Hedin (1904) reported
fibfincLytic activity 1in the globulin fraction of ox
blood.

Towards the‘ end of the nineteenth century it hecame
obvious that not only was fibrin lysed spontaneousLy‘in
vitro but that Lytic activity could be induced in vitro.
Proteoltytic and fibrinolytic activity was observed 9n
chloroform treated serum by Denys and Marbaix (18389), and
it was shown by Delezenne and Pozerski (1903) that
chtoroform induced fibrinolytic activity probably by
removing fTibrinolytic inhibitors. Opie and Barker (1907
found that‘the proteolytic activity induced in serum in
vitro by chloroform was, Like the spontaneocus fibrinolytic
activity, in the globulin fraction.

At about the same time, Notlf (1908) described
experiments in which he induced fibrinolytic activity in
vivo in dogs by means of intravenous injections of
peptones. He considered that the lysis of blood clots was
the normal end~result of the coagulation process and, (ike
coagulation, fibrinokysis was due to proteclytic enzymes.
He conjectured further that the Linings of blood vessels
contributed components of the fibrinolytic system and he
suggested - seventy years ago - that disturbances of
fibrinolysis could result in the deposition of fibrin on
the vessel wall,

Thus early in the twentieth ¢entury the phenomenon of

fibrinolysis was well recognised and its proteolytic
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nature }airLy well understood. Although the ddentity of
the proteolytic enzyme was unknown, it was realised that

the enzyme must normally be inert and require activation.

Little further advance was made, however, until a chance

observation in the field of bacteriology was made by
Tillett and Garher (1933}, They noted that culture
filtrates of haemolytic streptococeci tysed fibrin in human
blood clots and they attributed this activity to the
production by these organisms of a fibrinolytic enzyme
"streptococcal fibrinolysin" (streptokinase). It soon
became evident that the streptococcal factor per se was
not the fibrinolytic agents In 1947 Milstone reported
that streptokinase coutd not Lyse.purified human fibrin
but if trace amounts of the esuglobulin fracfion of human
serum were added to the fibrin, rapid Lysis ensued.

Christensen (1945) and Kaplan (1944) demonsirated
that the serum factor was a proenzyme which was activated
to a proteolytic enzyme. The proenzyme was named
"olasminogen” and the protease “"plasmin'.

In the past decade our knowledge about plasminogen,
its chemistry and 1interactions.has increased greatly.
Studies on the structure of plasminogen and plasmin have
Led to elucidation of their complete primary structure.
With this knowledge, understanding of phenomena such as
the activation of plasminogen has become possible. The
references mentioned above are guoted by Fearnley (1965)
and Marsh (1981) in review articles,.

In the past five years a further major advance Wwas

made when three separate research groups reported the
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disctovery and characterisation of & new and
physjologically most important inhibijtor of plasmin in
human btbod, the so-called & 2 antiplasmin (Mullertz and

‘Clemmensen 1976; Collen 1976; Moroi and Aok3i 1976).

PLASMINOGEN.,
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Native plasminogen 38 a single chain B globulin
compased of 791 amino acid residues and about 2%
carbohydrate. It s not known what the functional purpose
of the carbohydrate is but it contributes significantly to
the eLectrophofetic heterogeneity of the molecule
(Sottrup-Jdensen et al 1978 The structure of human
plasminogen was originally described by Robbins and his
co~workers and its physicochemical properties reviewed by
them in 1970 (Robbins and Summaria 1970). However, since
then our knowledge cf the molecular structure and function
of plasminogen has advanced significantiy.

Several methods have been used to purify human
plasminogen. The plasminogens originally described by
Robbins et al; (Robbins et al 1965, 1972; Summaria et al
1972) were obtained from Cohn fraction 1115 3 and had an
NHz-terminaL Lysine (or valine) and iscelectric points
between pH 6.4 and pH 8.5. Other workers were able to
produce simitar preparations of plasminogen (Liu and Mertz
1971;)

Wallen and Wiman (1970, 1972) were able to show that
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the plasminogen obtained from Cohn fraction III could be

separated into two groups of differing molecular form, one

group,
al with NHy-terminat glutamic acid and isoelectric
points between pH 6.0 and pH 6.6 and a second
group,
b} with NHs;-terminal (ysine or valine and

isoelectric points between pH 7.3 and pH 8.8.

The elecirophoretic mobility of these two groups of
plasminogen on starch gel 1is different, the NHy=-glutamic
acid group having mobility similar to that of plasminogen
in unfractionated plasma.

Wallen and Wiman (1970, 1972) suggested that the NH5 -
terminat glutamic acid plasminagens {glu-ptasminogens) are
those naormally present in circulating plasma and the NH,-
terminal Lysine (or valine) forms (lys—-plasmincgens) are
the result of partjal proteolytic degradation of native
glu~plasminogen.,

Using an affinity chromatographic technique on Llysine
substijtuted agarose (Deutsch and Mertz 1970) in the
presence of plasmin inhibitor (Aprotinin) Collen et al
(1972a, 1975) obtained plasminogen from fresh frozen
plasma. This plasminogen was almost exclusitvely glu-
ptasminogen and had isoelectric points between pH 6.1 and
7.1 with a molecular weight (on 5DS gel electrophoresis)
of 90,800 daltons. When the plasmin inhibitor was
omitted during the chroematography of fresh frozen plasma,
molecular forms with NHy,-terminal Llysine, isoelectric

points between pH 6.5 and 8.4 and molecular weights of
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84,000 daltons were also obtained. Claeys et al (1973)
demonstrated that gltu~plasminogen could be converted to
Lys—pLasminogén by Limited digestion with plasmin and
other workers (ﬁickti and Otavsky 1973; Wiman and Wallen
1973; Walther ét al 1974) have shown that Lys—plasminocgen
is detectable trénsientLy during the activation of glu-
plasminogen with urokinase.

As will be described later Lys-plasminogen is derijved
from glu—-plasminogen by the release of peptides from the
NHy,~terminal of the molecule. Glu~plasminogen and lys-
plasminogen differ from each other with regard to chemical
and functional properties. Apart from molecular weight
there are other differences in the properties of glu-
plasminocgen and Lys-plésminogen. Infused glu~plasminogen
has a longer half Life than Lys—plasminogen (Collen et al
1972b). Lys=plasminogen is activated more rapidly than
glu-plasminogen (Wallen and Wiman 1975) and the Llys form
is more readily adsorbed to fibrin (Thorsen 1975). Both
types of plasminogen oﬁcur in multiple electrophoretically
separable forms, perhaps due in part to differences 1in
sjalic acid content. (Collen and de Maeyer 1975).

The complete amino acid segquence of plasminogen is
known (Sottrup-Jensen et at 1978, Wiman and Wallen 1975a).
The molecule is made up of three distinct regjons which
are retevant to the activation process,

ajl the preactivation peptides (residues 1-76)

L) the A C(heavyl) region which contains five kringle

structures (residues 77-560)
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and ¢’ the B (Light) region (resjdues 561-790) which
contains the active site of plasmin.

The kringles contain the c¢ritical tysine binding
sites which are competed for, in the physiclogical
situation, by fibrin andc<'2 antiplasmin.

For details of the molecular structure of
plasmincgens and their physicochemical properties the
reader is referred to review articles by Wallen (1978,

1980 and Wiman and Wallen (1975b).

Plasminocgen can be assayed indirectiy by measuring
plasmin activity after activation of plasminogen with
urokinase or streptokinase or it can be assayed using
quantitative immunologic technigques.

Many substrates have been used {for measuring plasmin
activitya These dinclude casein (Johnson et al 1969},
fibrin, (Brakman 1967) and synthetic substrates such as
esters of arginine and Lysine (Troll et al 1954). In
recent years chromogenic substrates dncluding 4n
particular a rather specific plasmin substrate (§-2251,
Kabi piagnostica, Stockholm) have been used. (Saria et
al 1978, Friberger et al 1978).

However, it has to be realised that assaying
plasminogen as plasmin activity after activation is
influenced by the rate of actijvatian of different
plasminogens and by the fact that plasmin autocdigestion

will intertere with the result (Gaffney et al 1977).
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Furthefmore, measurement of plasminogen as plasmin
activity is dinfluenced by the presence of plasmin
inhibjtors and theﬁe inhibitors must be 1inactivated
(AijaersiQ 1959) 6r, preferably, the plasminogen
selectively precipitated (Brakman 1967, HKedner et al
1966) . .

PlLasmin inhibitors do not intertere with plasminogen
determinations using immunocnemical methods., Various
immunologic metnods have been described dncluding radial
immuno diffusion (Mancini et at 1965) electroimmuno
diffusion (Laurell 1966) and radiocimmuno assay (Rabiner et
al 1969). However, immunologic assays reflect only the

amount of antigen present. They do not mcasure biclogical

activity and they tend to gﬁve'an over estimate of the.

activatable plasminogen present.

Pifferent methods of assaying plasminogen have

yielded different normal ranges for the plasminocgen Llevel

ef human plasma. (Rabiner et at 1969; Sherry 1968,
Heimburger 1971).

Ptasminogen levels are lLow at birth, particularly in
premature babies in whom very low plasminogen levels are
thought to be an important factor in the development of
the hyaline membrane disease. Low levels are also found in
patients with advanced hepatic cirrhosis and in
disseminated dintravascular coagulation. A‘rapid reduction

of plasminogen Llevels occurs during thrombolytic therapy.

102




It wou[d appear that plasminogen acts as an acute phase
reactant, high levels being recorded follouing.trauma,
post-operativety, during acute dipfections and after
myocardial 1infarction. (Lackner and Javid 1973)
Plasminogen levels do not appear to be influenced by sex
differences and éo not exhibit diurnal variation. (Brakman
et al 1966, Rosing et al 1970). Levels do, however, rise
during the latter months of pregnancy (Bonnar et aL 1969
and in women taking oestrogeh containing contraceptives

(Lackner and Javid 1973).
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To date the primary site of plasminogen synthesis has
not been firmly established fop any species. The liver,
bone marrow eosinophils and kidney have all been
implicated at some time (Miller and Bale 1954; Barnhart
and Riddel 1963; Highsmith and Kline 1971, It appears
that considerable species variation must operate but more
work is required to resolve the complex problem of the
source of plasminogen molecules.

The metabolic fate of human plasminogen bearing a
radicactive fodine label has been studied. (Colten et al
1972b). The plasma radiocactivity declined
logarithmically. The plasma radijoactivity half Life was
found to be 2.21 %+ 0.29 days and it was calculated that
the absolute catabolic rate of plasminogen was 4.8 + 1.2
mg/kg/day. Collen also demonstrated that while NHs-

terminal glutamic acid plasminogen has a half Life of 2.0~
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2.5 days, NHo-terminal Llysine or valine plasminogen has a

half Life of Less than 1 day.

The discovery of the antafibrinolytic effect of =
- aminocaproic acid (EACA) was of great importance for
the study of the fibrinolytic system. EACA and other
subsequently discovered antifibrinolytic agents, trans~
aminomethyl cyctohexane~%t~carboxylic acid (tranexamic
acid) and p-aminobenzoic acid (PAMBA) possess a basic and
an acidic group within a certain distance of each other.
Lysine also belongs to this group of compounds although
its etfect on the fibrinolytic system is much weaker.

LLysine and the antifibrinolytic agents above interact
significantly wWwith one or more binding sites on the
plasminocgen molecule - the so~called Llysine binding sites
- (LBS). The locatieon of some of these LBS in the primary
structure of plasminogen is known. (Rjckli and Otavsky
1975; Sottrup—Jensen et al 1978,

The importance however of the discovery of these LBS
Lies in the role that they play in the binding of
plasminogen to fibrin. It may be that the differences in
binding of glu~plasminogen and Llys-plasminogen to fibrin
are due to a masking effect by the NHzmterminaL region of
the glu-plasminogen of the relevant [.BS.

It has been shown that a LBS mediates the interaction
of plasminogen with the inhibit<)ro<2 antiplasmin

{Christensen and Clemmensen 1977; Wiman and Collen 1978a).
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o{ 2 antiplasmin competitively affects the binding of
plLasminogen to fibrin but the full expression oTo(E
antipLaSmin binding takes pLace only with plasmiﬁ.
Relatavely little (about 30%) of fhe:X*Z antiplasmin is
complexed to plasminogen in vivo but this weak binding 1is
enough to EXpLaih the poor binding of both Lys and glu-
pLtasminogens to fibrin in pldsma. LBS are involved in

both reactions.

PLASMIN.,

Plasmin is_.a non-specific proteolytic enzyme capable
of hydrolysing many different proteins. Plasmin cleaves
susceptible Llysyl and arginyl bonds and splits synthetic
esters and amides of the basic amino acids Llysine and
arginine (Trollt et al 1954).

Studies of the plasmin degradation of fibrinogen have

shown that plasmin cleaves about 60% of the Lysyl and

arginyl bonds. This is in contrast to thrombin which

cleaves only four arginyl bonds in the fibrinogen molecule
and trypsin which splits almost all of the arginyil and
LysylL bonds of fibrinogen. Although its principal targets
are fTibrin and fibrinegen, plasmin can also hydrolyse a
number of cther plasma proteins including prothrombin and
coagulation factors V and VIII. By activating factor XII,
plasmin exerts an influence not only on the coagulation

system, but also on the kallikrein—-kinin and complement
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systems. It can also directly activate factor VII and the
components of the compliement system. PlLasmin induces

ptatelet aggregation and release. (Stormorken 1975).

Plasmin is not normally detectable in plasma,
probably because it is rapidly neutralised by an excess of
inhibitors. As already described in the subsection on the
assay of plasminogen, plasmin activity c¢an be measured on
a varijety of substrates including, caesin, fibrin, esters
of Lysine and arginine and synthetic chromogenic

substrates.

Structure of Plasmin.

Plasmin is produced from plasminogen by Limited
proteolytic cleavage accompanied'by conformational changes
in a process similar to the formation oflother protealytic
enzymes (e.ds thrombin, trypsin and activated factors 1IX
apnd X2. It is composed of two polypeptide chains of
different size connected by disulphide bonds. The heavier
chain has been called the A ¢hain and the Lighter chain
the B chaina. The active centre of plasmin has been

tocalised to the B chain. {(Summaria et al 1967).
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THE ACTIVATION OF PLASMINOGEN,

Activation of proteolytic enzymes from their
proenzymes usually involves a Llimited proteolytic cleavage
of the zymogen mbLecuie. puring this process, cleavage
products, usually peptide fragments, are released.
Scisston of the polypeptide chain(s) of the proenzyme
allows conformational changes to occur thus permitting the
formation of the active centre and the generation of
enzymatic activitya.

Most studies on the actijvation of human plasminogen
have been carried out in purified systems using urokinase
as the activator and. it is results from these studies
which will be described firsta.

Two sites in the native oglu-plasminogen moltecule
appear to be of particular importance with regard to jts
activation., One dis in the NH, terminal where three bonds

(Ar968 -~ Met69 ; LYS 7? - LYS?E and Lys?S - Val.?g) are

sensitive to proteolytic cleavage. Cleavage of these
bonds gives rise to the release of peptide materiats {(the
so-called activation or preactivation peptides) with the
formation of lys-plasminogen. (Rickli and Otavsky 1973;
Walther et at 1974, Wiman and Yallen 1973). The other
site of particular fnterest 49s an Arg=-Val bond
approximately 600 residues from the NHE terminus of glu-
plasminogen. The cleavage of this bond results in the

formation of plasmin.




Release of peptide material from the NHZ terminus of
gLu—pLasminogeh is succeeded by conformational changes in
the remaining moLécuLe (Sjoholm et al 1973), which
facilitate the further cleavage of pLaﬁminogen to the two
chgin plasmin.,

There has been some disagreement regarding the
molecular events which occur during the activation of glu-
plasminogen. It used to be held that the activation
occurred in distinct steps, the first being the formation
of the intermediate Llys—-plasminogen and the second the
generation of plasmin.e (Rickli and Otavsky 1973; Walther
et al 1974; Wiman and Wallen 1973; Wallen and Wiman 1975).

However, it has since been shown that activation of
glu~plasminogen by urckinase in the presence of aprotinin,
which inhibits plasmin but not urokinase, results in the
formation of plasmin uﬁth the preactivation peptide still
attached to the A chain - glu—-plasmin; (Summaria et al
1975; Violand and Castelblino 1976). Thus it seems that
the release of the so-called preactivation peptide does
not occocur duting activation of glu=plasminogen by
urokinase alone, but thaf the bonds are cleaved by
plasmin. Furthermore, 1t seems that release of the
preactivation peptide is not necessary for the generation
of pltasmin. Castellino and his co-workers (Violand and
Castellino 1976) suggest that the activation of
plasminogen can therefore follaw two pafhs:

a) The major path - catalytic amounts of plasmin

cleave the bonds which release the preactivation
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peptide converting glu-plasmincgen to iys-

plasminogen which is rapidly activated by

urokinase to lLys-plasmin, and

bl Urokinase ctonverts glu~-plasminogen to glu-
ptasmin which may in turn be converted to

tys-plasmin.

Using urokinase as the activator it can be shown that
Lys-plasminogen is activated about 10 ~ 20 times faster
than glu=plasminogen. (Wallen and Wiman 19757 Claeys and
Vermylen 1974).

Studies on plasminogen activation with tissue
activators are rather sca}ce, Laégely hecause of the
difficulty of obtaining pure tissue activator. In
contrast to urokinase, +tissue activator 1is strongly
adsorbed to fibrin (Thorsenm et al 1972) and it would
appear that this interaction with fibrin has & strong

stimulating effect on activation of plasminogen.
PLASMINOGEN ACTIVATORS.

Activators of plasminogen are distributed widely
throughout the body but clear understanding of the
molecular biology, the differentiation and the possible
inter-~relationships of these plasminogen activators is
limited. At present there 48 no single universally

accepted classification.
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Plasminogen activators are found in most body tissues
and in moét body fLﬁids incLuding btood, urine, saliva,
tears and cerebrospinal fluid. Certain bacterial strains,
in particular streptococci, produce substances which
activate plLasminogen and activators can be produsced in

tissue cultures.

Tissue Activators.

The fibrinolytic activity of tissues is caused by a
cellular activator of plasminogen. The origin of this
discovery (Astrup and Permin 1947) depends on observations
of the Lliquefaction of plasma clots used as substrates in
the cultivation of explanted tissue cells., Early workers
found that in vitro cultures of certain tissues or cells,
in particular epitheliial tissues or tumour cells,
Liguefijed the supporting plasma clota

The distribution of plasminogen activator in tissues
varies from organ to organ and from species to species.
ALL human organs, with the exception of normal liver,
contain plasminogen activator {Tagnon and Palade 1950;
Lewis and Ferguson 1950; Albrechtsen 1957). Some organs
and tissues are always found to have high activator
content while others tend always to have a Low content.
The uterus is highily active, with cyclic fltuctuations of
endometrial activity. Human prostate, and adrenals, also
tend to contain high concentrations of tissue activator

white the testes and spleen have relatively Little




activator content (for review See Astrup 1978).

Two forms of tissue activator have been described - a
tissue activator which can be extracted iﬁ smalt
guantities using saline and a8 tissue activator which can be
extracted in much greater guantities using strong
solutions of potassium thiocyanate. It may be that
transformation between these two forms is possible (Astrup
1978) .

Using a histochemical slide technique (Todd 1939) it
can be shown that most tissue activator is present 1in the
endothelium of small veins and that the fibrinotytic
activity of tissues is retated to their vascularity.

In studies on the Location of plasminogen activator
in subcellular fractions, both the Llysosomal and
microsomal fractions have been shown to cpntain activator
(ALi and Lack 1965; Nakahara and Celander 1968).

Several workers have purified plasminogen activator
from pig heart. (Nakahara and Celander 1968; Bachmann et
al 1964; Rickli and Zaugg 1970; Hijikata et al 1974;
McCall and KLine 1965; Cole and Bachmann 1977) and
plLasminocgen activator has been partijally purified from
pregnant hog ovaries (Kok and Astrup 1969%.

The activity of tissue plasminogen activators
suggests that they must have an important physiological
role. The true nature of this role is not clear but
presumably they are dimportant in the Lysis of
extravascular fibrin and in what Astrup (1977) has termed

the processes of "physiological tissue repair'.




Human wurine is ahble to Ligquefy fibrin clots.

Although urine containg a number of proteases, the

fibrinolytic activity originatly described by Macfarlane .

énd Pilling in 1947 dis distinct from non-specific
proteolysis and is due to the presence of an activator of
pLasmihogen. This activator in urine was termed urokinase
by Sobel {(Sobel et al 1952).

Since 4ts discovery, urokinase has been widely
studied and its excretion, purification and properties
widely examined. The oriéin of urckinase has been a
matter of some dispute, Ordiginally i1t was assumed that
the urinary activator originated in the blood and that it
represented a plasma activator excreted by the kidney.

There is now abundant evidence that urokinase i1s not

identical to the circulating or vascular actijvator. More

than ten years ago Kuciniski et al (1968) showed that
urokinase and plasma activator were dimmunologically
different and Aoki and von Kaulla (1971) have demonstrated
that pnot only are urokinase and plasma activator
immunologically different but they also differ dn the
rates at which they hydrolyse N acetyl L Lysine methyl
ester (ALMe).

Furthermore, ihere is evidence that urokinase is
actually produced in the kidney.

Later, Painter and Charles (1962 used primary

cultures of kidney cetls to produce plasminogen activator
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and dembnstrated that the activator produced migrated on
starch gelts as urokinase.

Biochemical and immunclogical studies have shown
jdentity between kidney cell culture activator and
urﬁkinase. (Barlow and lLazer 1972, Kucinski et al 1968;
Bernik et al 1974),

A variety of methods of isolating and purifying
urokinase have been described. Lesuk et al (1965) obtained
urokinase in crystalline form. Ogawa et al (1975) used
polyacryltonitrile fibre to absorb urockinase from urine.
More recently highly purified preparations of urokinase
have been obtained using affinity chromatographic
techniques. (Holmberg et at 1976; Soberano et al 1976).

At Least two forms of urokinase have been described,
one having a molecular weight in the range 47,000 <to
SA;UUD daltons and the other a molecular weight of 31,000-
34,000 daltons. It has been suggested that the Llower
molecular weight form may have been derived from the
higher fofm as a result of proteolytic degradation (Lesuk
et al 1967).

Much of the work pubtished on the activation of
plasminogen has used urokinase as the activator and, as
already described, urockinase activates plasminogen by

cteaving Llysine or arginine bhonds.
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Polymorph Leukocytes contain an activator of

plasminogen (Koptitar et al 1971; Granelli ~ Piperno et al




1978) and also produce non-plasmin proteases which are

themselves fibrinolytic (Plow and Edgington 1975}.
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Erythrokinasé, an activator of plasminocgen, has been
partially purified from human erythrocytes {(Semar et al

1969) .
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Milk, tears and seminal fluid all have plasminogen
activator activity but the biochemical nature of the
cactivators involved is not known. (Ogston 1977).

Human and animal bile contain an activator of
plasminogen. The activator from bovine bile has bheen
purified. (0shiba and Ariga 1975). It has a molecular
weight of 58,000 daltons and dis bicochemically and

immunolegically different from urokinase.

Recently Reich and his co-workers have demonstrated
that malignant cells 9n culture contain elevated lLevels of
plasminogen activators (Reich 1975). Fibrinolytic
activity has been found in primary cultures of chemically
induced mouse and rat tumours, a variety of human and
animal tumour cell lines and in mamwmalian and avian

fibroblasts transformed to malignancy either by chemical
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carcinodgens or by oncogenic viruses.

BLood Activators.

The‘origin and mechanism of the development of
fibrinolytic activity in the blood has been the subject of
much confusion, but recently considerable advances have
been made 1in understanding the nature of plasma
fibrinolytic activity. It is now clear that blood can
become fibrinolytically active by two different mechanisms
tan extrinsic activation system and an intrinsic
activation systema

This classification into intrinsic and extrinsic
pathways ctosety parallels the functional division of
susceptibility of plasma plasminogen activators to
inhibition by €4 dnactivator (Kluft 1978). The intrinsic
plasminogen activator pathways are inhibited by C,
inactivator; the extrinsic pathways are not.

The extrinsic system 1is represented by the previously

named "vascular activator”, which 1s released into the
bilood from the endothelial cells Llining the small vessels,
in particular, the small veins (Todd 1959). Using
immunofluorescent techniques, Todd and Hargreaves (1975
have shown that vascular activator is Located in the
vascular endothelium in a similar distribution to that of
factor VII1 antigen. In the matter of histologic
localisation, Warrenm and Khan (1974) using fibrin

autography in conjunction with electron microscopy, showed

that the Llysis intiated by the endothelial cells seems to




begin at superficial vesicles within the "endothelial
cytoplasma It appears that this type of activator 1is

normally not onlLy stored in the endothelial cells but is

" also actually produced there.

The mechanism by which this vascular activator is
released into the circulation remains obsure but will be
discussed briefly in Chapter IV.

The fdntrinsic fibrinolytic system also remaihs
incompletely characterized but seems to include two dr
more distinct pathways. One of these pathways, the
factor-XIi-dependent pathway has been extensively studied,
but it 1is only very recently that the various interactions
involved in it have been etucidated.

Ratnoff and his co-workers (Ratnoff and Colopy 1955;
Ratnoff and Rosenblum 1958) were the first to describe the
presence 1in pltasma of an enzyme precursor (Hageman factor)
which, when adsorbed onto glass or kaolin, initiated a
chain of reactions culminating in blood clotting. Soon
theréafter it was discovered that activation of Hageman
factor also results in the generation of fibrinolytic
activity in normal plasma. {(Niewiarowski and Prou=-
Wartelle 1959; Iatridis and Ferguson 1961).

According to Kaplan et ral (1977) activation of the
Hageman factor dependent pathways is initiated by the
binding of Hageman factor (molecular weight, 80,000
daltons) and a complex of prekallikrein and high molecular
weight (HMW) kinincgen (280,000 daltons) to negatively
charged surfaces. A ﬁeciprocaL reaction proceeds in which

activated Hageman factor converts prekallikrein to




kaLLikréin, and kallikrein activates Hageman factor. HMY
kininogen is a co-factor for both of these reactions. The
active site of Hageman factor 1is generated on activation
by kallikrein, and the activated Hageéan factor is
subsequently cLegved to Lliberate active Hageman factor
fragments (molecular weight 28,000 daltons). Activated
Hageman factor cleaves prekallikrein to yield kallikredin
which consists of a heavy chain (molecular wé1ght 52,000
dattonss disulfide Llinked to a Llight chain (molecular
weight, 36,000, or 33,000 daltons) with an active site on
the Light chaina

Kallikrein activates plasminogen to form plasmin,
Digestion of prekatlikrein by kallijkrein yields proenzymes
that appear to represent the previously described
proactivator. (Kaplan and Austen 1972).

Factor XI circulates bound to HMW kininogen and is
activated by activated Hageman factor in the presence of
HMW kininogen. The complex of activated factor XI and HMW
kininogen activates Hageman factor. Thus, factor XI seems
to contribute to the gradual activation df fibrinolytic
activity in prekallikrein~deficient plasma. Kaplan et al

(1977) alsoc suggest that activated factor XI has a role as

a plasminogen activator.

A Hageman-factor-dependent co-factor that functions
in fibrinolysis uwas reported by 0Ogston et al (1969).
Yecies et al (1978) suggest that this co-factor is not a
distinct entity but represents the requirement for

prekallikrein in the activation of Hageman factor.




Although it is agreed that kallikrein can activate
plésminogen, Ktuft (19277) has reported that 11t is
re5pdnsible for only about 10%Z-15% of resting fibrinolytic
act{vity and that there is another separate factor-XII-
dependent aptivafor.

In addition to the fattor-XII~dependent pathway, a
blLood activator system known as the "peptone pathway"
exists. This pathway 1s effective even in the absence of
factor X1II {(Astrup and Rosa 1974; Schreiber and Austin
19747 Coccheri et al 1978). It can be activated by
various organic acids such as fatty acids, higher abkyl
sulfates, organic phosphates, inorganic polyphosphates,
and acid poLysaccharides such as dextran.sulphate (Astrup
and Rosa 1974).

Clearly many questions remain to be answered before
we fully understand how plasminogen is activated in
plasma. It is probably not surprising that several
pathways héve been found in vitro. More than one protease
may be capable of cleaving peptide bonds in plasminogen to
produce the active enzyme plasmin. Which activators are
important in vivo witl depend on a number of Ffactars
including their kinetic properties, dinteraction with
inhibitors present in pltasma and affinities for
plasminogen and fibrin. Further work is necessary to find
out whether there is a single preferred pathway in vivo or
whether multiple pathways exist so that the absence of one
factor may be of Limited conseguence for normal

fibrinolytic function.




Methods for assaying plasminogen activators are

discussed in Chapter IV,
INHIBITORS OF FIBRINOLYSIS.

In order that widespread proteolysis does not resutit
from the activation of proteolytic enzymes, a cohplex
system of antiproteases has evolved. In blood these
antiproteases are directed against the various proteolytic
products that may be generated not only by the
fibrinolytic system but also by the coagulation system,
the complement system and the kaLLikfein system.

Inhibition of fibrinolysis can in theory occur at two
distinct Llevels: at the ltLevel of plasminogen activation
(antiactivators) and at the Level of active plasmin

(antiplasmins).

In the past at lLeast five well defined plasma
proteins have been described as having antiplasmin
activity in purified systems. These werec( 2
macroglobulin, 041 antitrypsin, inter*O{* trypsin
inhibitor, antithrombin III~heparin complex and Cq
inactivator. For many years it was widely held that there
were essentially two Tfunctiomally dimportant plasmin

inhibitors in plasma; o 5> macroglobulin which was

responsible for fast-reacting plasmin inhibition and O( 1




antitrypsin which was a slow-reacting antiptasmin.

It s however now known that the major antiplasmin
acti\zity in plasma is due to neither of these
dnt1proteaées but is due to the more recently described
very fast‘ reacting G< ) antiptasmin (Coilen 1976; Moroj
and Aoki 19?6;'MutLertz and Clemmensen 19?6).0< >
macroglobulin is responsible for inhibiting plasmin formed
in excess of that which fully saturates the avaitabte0< 2
antiplasmin and 1in the presence of these two
antiproteases, other plasma protease inhibitors are not
important in the inhibition of plasmin (fLollen 1976;

Mullertz and Clemmensen 1976)

Several methods have been used to purify 0(2

~antiplasmin (Moroi and Aoki 1976; Wiman and Collen 1977;

Mullertz and Clemmensen 1976) and it has been shown to be
a single-chain boLypeptide with a molecular weight of
65,000-70,000 daltons (Wiman and Collen 1977). On
electrophoresis it migrates as an 0(2 globulin. The amino
acid composition ofg( 5 antiplasmin has been reported
(Wiman and Collen 1977; Moroci and Acoki 1976&) and it has
been shown to be immunochemically different fromC{'q
ant1trypsin,c{ 2 macroglobulin, C1 esterase inhibitor,
antithrombin III,c{ 4 antichymotrypsin and inter-
¢ =~ trypsin dinhibitor.

oL » antiplasmin can be quantitated accurately in

plasma using either enzymatic assays based on its very
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fast inhibition of plasmin (Edy et al 1978, Teger-Nilsson

et al 1977) or dmmunochemical assays using specific

antisera. The normal level of o 2 antiptasmin in plasma

is around 70 mg/l plasma or 1 ﬂAmcLiL {Moroci and Acki]
1976, Mullertz and Clemmensen 1976, Wiman and Collen

1977) .
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In purified systems and in plasma, 0(2 antiplasmin -

forms a 1:1 stoichiometric comptex with plasmin (Wiman and -

Collen 1977 Collen 1976; Mullertz 1974). The complex
formed is devoid of protease or esterase activity and
cannot be dissociated with denaturing agents.

G( 2 antiplasmin reacts strongly with the Light B
chain of ptasmin and weakly with the heavy A chain.

0f the major plasma plasmin inhibitors, 2
antiplasmin has been shown to be the only one that is
significantly reduced 1in patients with disseminated
intravascular coagulation. (Aocki et al 1977). Its
concentration may also be reduced in severe liver discase
but is normal in patients with cardiovascular, renat or
malignant disease. The +dinhibitor when measured with the
enzymatic assay 1s temporarity exhausted during
streptokinase therapy {(Verstraete et ai 1978; Teger-
Nilsson et al 1977) but residual antigen representing
complexed or degradedcﬂ 2 antiplasmin may be observed with
the immunoflogic assay. 0(2 antiplasmin is a weak acute
phase reactant (Teger-Nilsson et al 1977).

SincecX-E antiplasmin has an affinity for Llysine
binding sites (Moroi and Aoki 1977), it interferes with

the binding of plasminogen te fibrin. In plasma this




1nterf6reﬁce is small and 0( 2 antiplasmin cannot
efficiently displace fibrin-bound plasminogen. (Rakoczi1 et
at 1978). X 2 antiplasmin reacts rapidly snd irreversibly
with ptasmin formed in the circulation but plasmin formed
on the fibrin sdrface, which is bound through its Lysine
binding site, reacts very slowly with antiplasmin,
PLasmhrc(z antiplasmin complex can be detected as
being immunologically distinct from the precursor
molecules (Collen and de Cock 1974, 1975). Assay of this
plasmin-antiplasmin complex may be an important index of

in vivo fibrinolytic antivity (Collen et al 1977).
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For many years it was accepted thatgﬁpz macroglobulin
was the fast-acting and most +important {Jinhibitor of
plasmin in human pltasma, but now it is clear thato< 2
macroglLobulin represents the stower acting plasmin
inhibitor of plasma and its role is to jnactivate plasmin
formed in excess of.the inhibitory capacity ofc{ 2
antiptasmin. (Collen 1976; Mullertz 1974).

Several methods have been described for the
purificatian of 0(2 macroglobulin and it has been shown to
be a glycoprotein of malecular weight 725,000 daltons
(Jones et al 1972>. It is composed of two half molecules
held together by non-covalent bonds. Each half-molecule
is composed of two chains of molecular weight
approximately 185,000 daltons held together by disulphide

bonds.




G{ é macroglobulin is capable of binding not only
plasmin but also trypsin, chymotrypsin, thrombin,
kallikrein and elastase. Probably the binﬁing,ofc(“z
macroglobulin with proteases 1% an fHrreversible process.
Physiologically the importance ofc{—z macroglobulin apears
to be that it "traps"” proteases, and inhibition results
from steric hindrance of access of substrate to the
protease. . After bindng, the proteases retain their
ability teo react with substrates of Low molecule weight
but not with those of high molecular weight.s X 2
macroglobulin-protease complexes are rapidly e¢leared fromn
the circulation by mononuclear phagocytes.

The level of sz macroglobulin 4n plasma is age
dependent being maximal, 4.5g/l, at 1-3 years and falling
to adult levels of 2g/L by 25 vears (Ganrot and Schersten
1967). Levels are slLightly higher in females than males
and increased values are found in nephrosis and hepatic
cirrhosis. Streptokinase therapy is associated wWwith
decreased levels of & > macrogtobulin and it may take
several days after discontainuing thrombolytic therapy for
Ltevels to regain normal (Nilehn and Ganrot 1967; Arnesen

and Fagerhol 1972).
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X q antitrypsin, antithrombin III and €4 inactivator
all inhibit plasmin in purified systems but in the
presence of normal concentrations of o€ 2 macroglobulin
these 1inhibitors play no role in the neutralization of

plasmin formed in vivo (Collen 1976; Mullertz 1974&).
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Antithrombin IXII ~ heparin complex may play a Limited role

in the inactivation of plasmin in vivo. (Semeraro et al

1978; Collen et al 1978).

| Platelets have antiplasmin activity and although 1in
absolute terms thehamount is smatl - only 1-3% of
antiplasmin actiQity (Pen Ottolander et al 1967; Ekert et
al 1970) - platelet antiptasmin may be 1dmportant in
allowing fibrin formation in the early stages of thrombus
stabilisation (Ekert et al 1970;)

Granulocytes possess antiplasmin activity (Wolo-
sowicz and Prokopowicz 1970) as do many other tissues
(lung, spleen, Liver, pancreas) and body fluids {urine,
‘seminal fluid, amniotic fluid). Mostly these 1inhibitors
are poorly characterised éntiproteases of unknown

physiological function.

A 7 antiplesmin may be assayed either biologically or .
immunologicatly. The biological assay is a chromogenic
substrate assay of Eesiduat plasmin when excess plasmin is
added to the test plasma. Chromogenic tripeptide %
substrates ($ 2251 - Kabi Molndal) with short reaction
times are used for this assay of the very fast regacting

C(z antiplasmina Assay ki1ts which contain substrate,
plasmin and human normal plasma are commercijally available
(Coatest (R} Kabi, Molndal). The amidolysis of the

substrate can either be traced on a recorder {(initial rate
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method) or read after a set period of time {(end peoint

method)., The concentration of (A, antiplaswin is
calculated from a standard curve prepared from human
normal plasma dilution.

CK 2 antiplasmin c¢an be measured immunologically by a
number of quantitative immunochemical techniques including
radial dmmunodiffusion, electroimmunoassay or
radioimmunoassay; The necessary monespecific antiserum is
commercially available. (Nordi¢ Immunological
Laboratories, Tilburg, The Netherlands).

The most widely used assay is probably the

electroimmunocassay (Lauretl 1966).
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| C{ 2 macroglobulin which is responsible for inhabiting
plasmin activity which exceeds the inhibiting capacity of
A 2 antiplasmin can be assayed eilher immunclogically or
biologically.

The immunological assay is probably most conveniently
carried oﬁt as a radial “immunodiffusion assay using
commercially produced plates, (Partigen‘Immunodiffhsion
plates) but monospecific antisera can be purchased and an
electroimmunoassay is also widely used.

The biological activity ofc(z macroglobulin can be
estimated from the esterase activity of 1its complex with

trypsin using a synthetic substrate (Ganrot 1966).
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Antibodies with a greater affinity for the plasmin-
C<2 antiplasmin complex than for its precursors can be
prepared and using these antisera latex agglutination
assays and héemaggLutination assays have been described.
(Cotlen and DeCock 1975; Collen et al 1977; Bini and
Cotlen 197 8). These antisera are not yet commercially
available and it 1is as yet too soon to evaluate the
practical value of what seems ljkely to prove a useful

test.

Antiactivators.

The existence in human blood of physiological
inhibitors of the activation of plasminogen has been much
disputed. Two major obstacles have impeded elucidation
of this problem. Firstily, since there are considerable
experimental problems ¢f substrate specificity,.it is
diff%cuLt to demonstrate activation inhibitors in the
presence of antiplasmins. Assay systems unaffected or
minimally affected by antipiésmins are required to detect
antjactivators and unfortunately the widely used clot
Lysis assay systems are very sensitive to plasmin
inhibitors. thromogenic substrates sensitive to
plasminogen activators seem Likely to prove an important

development in future antiactivator studies.
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Secondly, the various antiproteases present in plasma
may each-have some affinity.for plasminogen'actiVators‘and
act in concert 1in Jivo withoyt being specifi¢ inhibitors.

In spite of these difficulties there is good evidence
that human plasma does contain substances capable of
inhibiting the activation of plasminogen,

Cq inactivator, anc<2 globulin of molecular weight
104,000 daltons inhibits C1g, plasma kallikrein, plasmin,
factor XII, and factor XI,. 1Insofar as (4 finactivator is
the main inhibitor of Hageman factor and kallikrein in
human plasma, it would seem reascnable to expect it to
play é role in the inhibition of the intrinsic plLasminogen
activator pathways..

C( 5 macroglobulin inhibits kallikrein and may
therefore be important in the regulation of intrinsic
fibrinolysis (Ratnoff et al 1969; McConell 1972). Hedner
described an qdinhibitor of urokinage induced fibrinalysis
which she has subsequently shown not to dinactivate
urokinase in a purified system but to inhibit Factor XIIa.
(Hedner and Martinsson 1978).

Antithrombin III in the presence of heparin inhibits
activated Factor XII (Stead et al 1976)

Evidence for the existence of specific inhibitors of
the extrinsic plasminogen activators is conflicting and at
present must be regarded as preliminary and of no
practical valtue in clinical investigationa

In contrast the detection and quantitation of

inhibitors directed against exogenous plasminogen
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activators - urokinase and streptokinase given for

therapeutic purposes - may be of great practical

importance in designing treatment schedules and dosages.

Human plasma contains antistreptococcal antibodies
which react with and neutralise streptokinase. These
antibodies are p%obabty the result of previous infection
with beta haemolytic streptococci. The initial dose of
streptokinase 1is generally calculated to 1include
sufficient to neutralise these antibodies 1in addition to
the amount infused to produce fibrinolysis.

Many antiproteases dincluding QQE antiplasmin,({1
antitrypsin and CX v macroglobulin dinhibit wurokinase
‘slowly. Recently Gallimore (1979) has partially purified
a urokinase inhibitor which acts rapidly and is detectable
using chromogenic substrate assays but not clot Lysis
methods where it seems that the presence of Tibrin may

cause a reversible complex to dissociate.

MECHANISM OF THROMBOLYSIS.

In pure systems, plasmin is an aggressive and non

specific protease but normally in vive plasmin activity
is restricted and plasmin acts Largely as a fibrinolytic
enzyme. The regulation of this restriction is not fully
understood but some possible mechanisms have been

suggested.
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Professor Sol Sherry and his group proposed a dual~
phase scheme fﬁr tﬁe activation of plasminogen. This
theory (Alkjaersig et alL 1959) offers a working hypothesis
for the mechanism by which pLésmin activity is restricted
in vivo. It is suggested that, in a system wWwhich includes
bhoth plasma and thrombus, plasminogen is present in two
phases - soluble in the plasma and gel within fhe
thrombus. Activation of plasma plasminogen does noaot
hormalbly reguLt in the production of detectable amounts of
plasmin since plasmin formed in the plasma is rap%dly
inhibited by antiplasmins. In contrast, plasmin formed by
plasminogen activator diffusing into a thrombus and
activating plasminogen adsorbed to fibrin within it s
intimately spatially related to its substrate and the
effect of dinhibitors is greétLy reduced. Plasminogen
activation within a thrombus therefore results in Lysis of
fibrin.

In reécent years, however, Sherry's intrinsic clot
tysis theory has been criticised. Ogston et al (1966
showed that thrombi have a low pLasmﬁnogeﬁ content énd de
Witt (1964); Fantl (1962) and Hedner and Nilsson (1965)
demonstrated that the plasminogen content of plasma and
serum are the same, indicating that plasminogen is not
consumed during blood coagulation. Only traces of
plasminogen have been demonstrated in clots and thrombi.

Recently Rakoczi et al (1978) dnvestigated the adsorption
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-of plasminogen to fibrin in a whole plasma system using
radio~Llabelled plasminogen. They showed that onily about
4% of natﬁvé pltasminogen and 8% of partially degraded
ptasminogen were specifically adsorbed to fibrin. Thus,
it seems evident that large amounts of plasminogen are
not, as hypothesised, incorporated into fibrin during
clotting. Indeed Chesterman et al (1972) have repaorted
that the amount of pLasniinogen in a thrombus 1is
insufficient te allow mere than about 20 pér cent lysis
when streptokinase is used as the activator. Further
evidence of the necessity of extrinsic plasminogen has
been produced by NcNicol et al (1965) who have shown that
artifiﬁiat thrombi perfused with plasminogen activator in
saline are not fully Llysed unless plasminogen is added to

the perfusing solution.

The_Ambrus_and Mar

e b - ——— . - -

=<

<

(%]

[

~

o]
o]
tasd
0
104
%]
-y
1]
L]

- e e -y

The Ambrus and Markus hypothesis suggests that
plasmin—-inhibitor complexes may circulate in plasma and
dissoéiate in the presence of fibrin because plasmin has a
stronger affinity for fibrin than for dts dinhibitors.
(Ambrus and Markus 1960; Back et al 1%61). In this manner
substrate specificit§ is effectively achieved. At present
this remains only & hypothesis but Wiman and Collen
(1978a), to determine whether initial complexes between
plasmin and antiplasmin would dissociate in the presence
of fibrin, clotted a mixture of fibrﬁnogen,c(z antiplasmin

and plasmin with thrombin and incubated it at 37°C. They




found no evidence of clot Llysis after 24 hours dncubation
and concluded that plasmin~antiplasmin complexes do not

dissociate in the presence of fibrin.

As a resutt of the shoertcomings of the two hypothesis
just described, Chesterman, Allington and Sharp put
forward a3 third suggestion {(1972). They posulated that
plasminogen activator in the circulation holds or adsorbs
to the fibrin of a thrombus and circutating'ptasminogen is
converted to pLasmin within the thrombus. In contrast to
the Sherry hypothesis, they propose that the activator is
fixed in the thrombus and plasminogen circulates fhrough
1t. Tissue plasminogen activator from pig heart certainly
does have a strong affinity for fibrin. (Thorsen et al
1972) and human vascular plasminogen activator seems to
behave similLarly. Other plasminogen activators such as
urcokinase and streptokinase -~ plasminogen complex do not
have specific¢c affinity for fibrin although Chesterman et
al (1972) did describe some adsorption of these activators
to fibrin.

As must be apparent from the above the natural
mechanism of thrombolysis in vivo is poorly understood,
However, Wiman and Collen (1978b) have proposed a
molecular model for physiological fibrinolysis which helps
explain the restricted action of plasmin in vivo. They
state that the system is regulated at two levels:

localised plasminogen activation at the fibrin surface;
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and seqhestration of the formed plasmin from circulating
antiplasmin.

PLasminOQEn‘and in parficuLar lys—~plasminogen is
adsorbed to Tibrin (Thorsen 1975; Rakoczi et al 1978} and
in contrast to what was earlier believed (Moroi and Aoki
-19??)cK‘2 antiptgsmin does not influence this adsorption
(Rakoczi et al j978). Adsorption of pLasmiﬁogen activator
from the blood onto the fibrin results in activation of
the adsorbed plasminogen.

The plasmin Wwhich is formed seems to be directed
towards c¢ertain bonds of special 1importance for the

Liquefaction of fibrin and there is interaction between
lysine binding sites §n plasmin and sensitive bonds 1in
fibfin.

Che or more lysine binding sites participate in the
binding eof O(z antiplasmin to ptasmin and it has been
suggested that the same Llysine binding sites are involved
in the binding of plasmin to fibrin (Wiman and Collen
1978b). This would effectively prevento( , antiplasmin
from reacting with plasmin in the presence of fibrin.
Flasmin released from digested fibrin, on the other hand,
.would be rapidly and dirreversibly neutralised by

circutating O(Z antiplasmina
CONCLUSION.
The key component of the fibrinolytic system is the

single chain glycoprotein, plasminogen which is present in

plasma and in most tissues. Plasminogen Js the proenzyme
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from uﬁich the highly active serine protease plasmin is
formed following Limited proteolysis by a plasminogen
activator., Plasmin has broad substrate speci%icity but 4in
vivo is rendered relatively specif%c for fiﬁrin by the
nature of the interactions of plasminogen and plasmin with

the other components of the fibrinolytic systenm.
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CHAPTER 1V,

PLASMA FIBRINOLYTXIC ACTIVITY -~ ITS MEASUREMENT

AND VARIATIONS, NORMAL AND ABNORMAL.

INTRODUCTION,

Plasminogen, the inactive proenzyme of plasmin, is
present in the blood and in practijcally all other body
fluids. Activation of plasminogen can be achieved by
intrinsic or extrinsic activator pathways.

At present the physiological and pathological
significance of the dntrinsic plasminogen activator
pathways is not understood and measurement of their
various components is beyond the scope of this thesis,

The extrinsic activator pathway has been studied by
many different groups since the early 1930s. It is
therefore better explored if not better understood.

Fibrinolytic activator 1is distributed widely
throughout the tissues of the body; Activator can be
detected in the endothelium of many blood vessels (Todd
1959; Todd 1964; Todd and Hargreaves 19752, it is not
clear Wwhy the endothelijum of some vessels 158
fibrinolytically active, but not that of others. The
fibrinolytic activity of superficial veins varies

considerably throughout the body. Arm veins have higher
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activity than their corresponding leg veins (Pandelfi et
al 1967)'. Fibrinolytic activity may vary even 1in
different vessels in the same Limbl(Nicotaideé et al
19%6). tack of activity may be due either to absence of
plasminogen ac;ivator cor Lo the co~existence of
fibrinolytic inhibitors (Noordhoek-Hegt 1977).

Fibrinolytically active cells continuously release
pLasmiﬁogen activator into the flujds with which they are
in contact. Hence the spontaneous {(resting) fibrinolytic
activity of the blood is due to activator released from
the vascular endothelium. The differences observed in the
activator content eof the vessel walls are reflected dn
corresponding differences 1in the spontaneous fibrinolytic
activity in the blood. Thus the resting fTibrinolytic
activity of blood collected from the arms is higher than
that in blood drawn from the tegs (Robertson et al 1972al).

The fibrinolytic activity of plasma s normally Low
and can be difficult to measure using the currently
available methods. There is, however, a definite and
meésurable diurnal fluctuation in the Llevels observed in
blood drawn from any one vessel (Rosing et al 1973) and
any.form of stress, physical or mental, normally results
in increased plasma plasminogen activator activitity (Cash
1975a). Electroshock (Pina-Cabral and Rodrigues 1974),
pneumoencephalography (Schneck and von Kaulla 1961) and
injection of pyrogens stimubtate an increase in plasma
fibrinolytic actijvity.

Infusion of vasoactive drugs including adrenalin

(Biggs et al 1947), salbutamol, isoﬁrenatine (Gader et al
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19?3a),-nicotinic acid (Robertson 1971) or vasopressin or
its anatogue 1~desamino~8~D-arginine vasopressin (DDAVP)
(Gader ét at 1973b; Mannucci et al 1975) result in a rapid
transient fincrease in plasma fibrinotytic activity.
Venous occtusion of a limb causes a marked local increase
in blood activator Llevels (Clarke et al 1960; N+ilsson and
Robertson 19682, |

The rise in pLasma plasminogen activator in response
to these stimuli has been éttributed to increased release
of activator from the endothelijum. The mechanism by which
this activator is released into the circutation however
remains obscure.

Two main hypothesis have been put forward -
adrenoceptor stimulation and a change in vascutar
motility.

Many of the above mentioned stimuli result in
systemic release of catecholamine but the rise 1in
fibrinolytic activity which follows the infusion of
catecholamine can be only partly prevented by P adrenergic
blockers (Cash et al 1970; Gader et al 1974). The
adrenergic receptors dnvolved in 1the release of
plasminocgen activators do not seem to be mediated by the
known receptors and are not related to the F adrenergic
receptors (Cash 1975h),

Other stimuli which produce increases in fibrinolytic
activity, for exanmple infusion of nicotinic acid,
vasopressin or venous occlusion are unlikely to be
assocjated with adrenocceptor stimulation. It has been

suggested that a change 1in vessel calibre may be the
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important factor determining the fibrinolytic response to

.these stimuli (Holemqns 1963, Holemans et al 1967).
However, many potent vasoactive drugs such as histamine
and serotonin AO not aftect fibrinelytic activity. (Weiner
et al 1959; Thomson et al 1964).

Studies on the fibrinolytic responses of isolated
perfused organs have shown that they have guite a
different patternlfrom that observed in vivo (Markwardt
and Klocking 1976) and it has been suggested there may be
a central control mechanism for activator release mediated
through the hypothalamus (Cash 1978).

From the above it must be clear that any assessment
of in vivo fibrinolytic activity should take account of
not only the resting fibrinolytic activity of the blood
but also the fibrinolytic response to stimuli normally
expected to cause release of endothelial plasminoyen

activator.

MEASUREMENT COF FIBRINOLYTIC ACTIVITY.

The fibrinolytic activity of blood is the net result
of the balance between plasminogen activators and
fibrinolytic dinhibitors.

The physiological contribution of the dintrinsic
activator system s not clearly understood and specifi;

measurement of 4dts various components witi not be

discussed.
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The presence and the fluctuating Llevels of extrinsic
activator (vascular activator) 1in pLasma have bheen
reported using non-specific methods which, at be;t,
measure majnly extrinsic activator, but also measure
undefined amounts of int}insic activator., Kluft (1978)
has shown that it'may be possible to define the proportion
aof the plasma plasminogen activation due to extrinsic
activators by using Cq dinactivator to inhibit the
contribution made by the intrinsic pathways. Whilst these
methods have obvious attractions for research purposes
their practical c¢linical use is yelt to be established.

The most wjdeLy Used methods for measuring
plasminogen activator in plasma are all non-specific and
affected not ontly by the activator content of the sample
but the inhibitor content and in some methods by the
levels of fTibrinogen and plasminogen.

Plasminogen activator activity in normal plasma can
be detected by spontaneous lysis of an incubated btood or
plasma clot if the effect of the inhibitors is minimised
by dilution opr>dilution and acidification. Preparation of
a euglobulin fraction from the test sample furither reduces
the concentration of +inhibitors and the plasminogen
activator activity can be assayed using either a
euglobulin ¢clot lysis test or using a fibrin plate

technique.

Whole Bleood Clot _Lysis_Time.
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The time taken for Lysis to occur in a clot of whole

blood incubated at 37°C is measured. While this test is
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extremeiy simple and has been used as a screening test for
hyperfibrinolysis it is insensitive and detects only

severe hyperfibrinolysis.

bilute_Whole Blood Clot tysis Time.(Fearnley et al 1957).

Blood 1is df[uted to minimise the eftect of the
inhibitors. It is then clotted and the Lysis time of the
ctot recorded. This test has been used to measure
physiclogical variations in fibrinolytic activity and as a
screening test for hyperfibrinolysis. ALlthough the
original method used phosphate buffer a modified test
using acetate buffer has been described (Chohan et al

1975). The modified test gives a clearer end point and a

shorter Lysis time.

Ptatelet poor plasma prepared from the blood sample
is ¢lotted and the Lysis time measured. This test 4is
stightly more sensitive to activators than the whole blood
Lysis test.

The three methods described above all give an
indication of overatl plasma fTibrinolysis. They are all
nen-specific and are affected not only by the plasminogen
activator content of the plasma but also by the levels of
plasminogen, fibrinogen and ‘inRkibitors.

Iscelectric precipitation of the plasma precipitates
plasminogen, fibrinogen and plasminogen activator whilst
leaving most of the inhibitors in solution. Separation

and resuspension of this precipitate allows plasminogen
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actiqatbr activity to be assessed 1in a system Llargely
devoid of fibrinolytic inhibitor. The only inhibitor
present in significant quantity is C4q inactivator (Kluft

1978).

- R D e S s e M ek e e D . K P e e e

Many methods have been described for'preparing the
eugtobulin fraction but they are basically all similar.
thitled, anticoagulated plasma is diluted and acidified
either with carbon dioxide gas (Von Kaulla and Von Kaullia
1975) or with acetic acid (KLuft and Brakman 1975). The
precipitated euglobulin fraction is then separated,
resuspended in buffer and c¢clotted with thrombin or calcium
or both. The time taken for -the clot to lyse is measured.

The final pH attained by acidification of the plasma
is critical and probably optimally 5.9Ias in the acetic
acid method. Similarly a dilution of 1 in 10 4is preferred
since this is associated with less co-precipitation of C1
inactivator than are greatepr dilutions.

The Llysis time can be measured visually or more
convenientty using an automated clot Llysis recorder
(Preston 1976). The euglobulin clot Lysis time ds
affected by the fibrincgen and plasminogen content of the
sample., Normally the time taken for lysis exceeds 150
minutes but in acute hyperfibrinolysis the lysis time may

be less than 30 minutes.
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A microecuglobulin method has been described for -use
when it is possible to obtain capitLary‘bLood samples

only. (Wsantapruek and von Kaulla 1966).

Ejé[jgﬂgiggg_ggggx. (Kluft et al 1976).

PlLasminogen activator activity can be'assayed by
'measur{ng the. amount of Llysis produced by a standard
volume of euglobulin fraction on a standardised
plasminogen-rich fibrin plate. Time and care are
required for the preparation of the fibrin plates and once
the eugleobulin fraction is applied to them, they must be
incubated undisturbed at 379C for 18 hours.

For these reazsons this method is probably restricted
to the research situation or for the investigation of
chronic¢ clinical problems. It has Llittle place in the
investigation of acute hyperfibrinoclysisa In the research
situation it is a useful method in that it is simple to
modify the test by adding reagents to the euglobulin
fractjon as it is applied to the fibrin plate. In this
way the effect of C1 inactivator on the various activator
pathways has been studied (KLuft 1978). The fibrin plate
method is unaffected by the levels of plasminogen and
fibrinogen in the test plasma. Factors affecting the

fibrin plate assay are discussed in greater detail in

Chapter V.
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Plasminogen activator may be measured by following
+the release of radioactivity from a radioactive dodine -~
fibrinogen clot (1254 fibrinogen) {(Hume 1964, Moroz and

Gilmore 1975).

[ S S st~ s SR A VA i e e e o T e e e S e ]

An assay using the synthetic chromogenic substrate $

2251 (Kabi) has been described. (Latatlo et al 1978).

A varjety of different stimuli have been used in an
attempt to devise a method of assessing the individuals

ability to release plasminogen activator.

- T WD e Fwr = P T e L W PP B M v e e e b it e

Tests le{ng physical exercjise and tests using
injections of adrenaline have been described (Cash and
Allan 1967; Cash and Woodfield 1967; Cash et al 1270) but
whilst these tests may have Llimited clinical applicability

they are unsuitable for use in many patients.

Nigotinic_ Acid,
The injection of nicotinic acid has been used as 2z
test of fibrinolytic¢c responsiveness but the high

percentage of non-responders in volunteers and the lLong

refractory period which folleows the injection make the use
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of nicoetinic acid unsuitable for general use. (Robertson

1971) .

Yenous Occlusion.

Localised wvenous occlusion of an arm for a
standardised period of time has been shown to be a simple
and safe means of stimulating the tLocal release of
plasminoéen activator.. Venous occlusion is produced by
pltacing a sphygmomanometer cuff around the upper arm and
inflating it to a pressure midway between diastolic and
systolic. Originally 20 minutes venous occiusion was
suggested by Robertson et al (1972b). However venous
occlusion is painful and studies using shorter periods of
10 Br 15 miﬁutes have been describeds The 5 minute venous
occlusion test previously described by the author (Walker
et al 1977) 4is useful only as & screening test since
individuals appear to vary in the rate at which they
respond to the stimulus of occ¢clusion and very Little
response may be observed in the first 5 minutes in some

normal individuals.

A close relationship has been demonstrated between
the fibrinolytic response 1o vasopressin and the response
to venous occlusion both in healthy volunteers and in
patients with thrombotic disease (Aberg and Nilsson 1975).
VYVasopressin 1s, however, not suitable for use as an
activator release stimulus in the c¢linical situation

because it produces vasoconstriction and causes abdominal
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pain. The synthetic dérﬁvative of vasopressin, DDAVP (1-
desaminc~8-D~arginine) enhances blood fibrinolytic
activity to an even greatér extent than does vasopressin
jtself. (Mannucci et al 1975). Since DPAVP has no
vascactive properties and no intestinal side~effects it
has been used to évaluate plasminogen activator release in

clinical studies.

————— - — D e T e e R i

The histochemical film technigue for demonstrating
fibrinolytic activity was originally described by Todd in
1959 and later modified (Pandolfi et al 19272), to allowu
gquantitation of the activity in the vessel wall. Frozen
sections of the blood vessel are incubated in contact with
plasminogen rich fibrin on a glass slide. The stide is
then stained and the areas of Lysis produced are scored
according to their size and form., A major disadvantage of
this test is that it requires thé biopsy of a small vein

and it is therefore of Llimjted clinical applicability.

PHYSIOLOGICAL VARIATIONS IN FIBRINOLYTIC ACTIVITY.

L -y O e gy e v i e e M — e s

Fibrinolytic activity is present in foetal blood from
an early stage of development. There have been
conflicting reports on the amount of plasminogen activator

narmally detectable at birth. Some authors have reported
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high tevels of plasminogen activator, excteeding normal
adult levels, in the blood of the neonate; these levels
fall rapidly within the first few days of Life (Grossman
et al 1952; Philtlips and Skrodelis 1958; Ekelund et al
1970). Others, however, have found only trace guantities
of plasminogen activator in the bloo§ of full-term babies.
(Ambrus et al 1963; Ambrus et al 1965).

PLasminogen levels are Low in the normal fult~term
infant (Markarian et al 1967; Quie and Wannamaker 1960}
and may be undetectable in premature neonates {(Ambrus et
al 19632, However, plasminogen has been detected
immunologically as early as 10 weeks gestation (Gitlin and
Biasucci 1969, Levels of fibrinolytic inhibitors
reported in the foefus and fn the neonate have varied
widely. Some authors have reported low Llevels of
inhibitors in the neonate (Witt et al 1969; Phillips and
Skrodelis 1958; Quie and Wannamaker 1960; Samartzis et al
1960) whilst athers have reported normal adult levels.

(Ambrus et al 1963; Beller et al 1966).
hAge,_Sex_and_ Race.

The reported effect vf age on fibrinolysis has
varied. Some authors have found that plasminogen
activator levels are unaffected by age (Sauyer et al 1965;
Fearnley et al 1963; Hamilton et al 1974) but others have
suggested that plasminogen activator levels may rise in
old age (Hume 1961; Swan 1963; Robertson et al 1972c¢).

Plasma plasminogen levels rise with age (0gston and Ogston
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1966) as do the inhibitor levels (Hamilton et al 1974).

Cash (1966) found spontaneous plasma fibrinolytic
activity to be greater in women than in men.but this was
not confirmed by Hamilton et al (1974). The fibrin0Lytic
response to venous occlusion is significantly greater in
females over fiféy years old than 9n simitarly aged males
(Robertson et al 1972c¢) but no significant differences
were demonstrated when the f{Tibrinolytic response was
éxamined in younger subjects.

Fibrinolytic activity dis higher in black African
males thamn in white European males (Walker 1961, Ferguson
et at 1970). Fibrinolytic activity is higher in people
Living at high altitudes {(Chochan et at 1974).
PlLasminogen Levels are higher in Bantus and East ﬂfficans
than in Europeans (Bary et a2l 1973; Ferguson et al 1970;
tLackner and Johnson 1967). Fibrinolytic inhibitors are
higher in white people than in Nigerians and East Africans

(Howell 1965; Barr et al 1973},

Diurpal _Variaticn.

There 18 clear evidence of diurnal variation in
plasma fibrinolytic activity with Llow Llevels being found
in the early morning and peak Levels between 5 and 8 pm
(Fearnley et al 1957; Mann 1967; Rosing et al 1970; Menan
et al 1967a). 1t appears that this diurnal variation 1is

not entirely explained by physical activity (Fearnley et

al 1957).
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Arterio Venous Differences.

Fibrinolytic activity is Lower in arterdial than in
venous bleood. (Fearnley and Ferguson 1957; Naimi et al
1963,  This hés been ascribed to higher Levels of
plasminogen activator in the veins than in the artefies
but Almer et al (1975) found no significant differences 1in
the activator content of biopsy specimens of temporal
arteries and superficial dorsal hand veins in patients
with diabetes mellitus. There are no arteric venous
differences in levels of plasminogen, fibrinogen or

inhibitors (0gston et alt 1966),
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Marked dincreases have bheen noted in the Level of
fibrinocgen during pregnancy (Bonnar et al 1969; Talbert
and Langdell 1964). Plasminogen Levels also rise during
pregnancy (Bonnar et al 1969). However, spontaneous
plasma fibrinolytic activity decreases durinyg pregnancy
and may be barely detectable at term (Nilsson and
Kullander 1967; Brakman 1966; Bonnar et al 1969; Bonnar et
al 1970). Spontanecus plasma fibrinolytic activity
remains very Low during labour but rises rapidly after
delivery of the placenta is complete.

The fibrinolytic¢ response to exercise is decreased
during pregnancy (Cash 1975a) and the response to venous

occlusion decreases to become almost zero at term.
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However; using the histochemical method of Pandolfi et al
(1972), it has been shown that the plasminogen activator
content of the vein walls decreases only sLightLy during
pregnancy (Astedt et al 1970; Astedt 1972a; Astedt 19%2b;
Astedt 1972c¢) and Astedt has suggested the decrease 1in
plasma fibrinoLy?ic activity 1is due mainly to the effect
of Placental-hormones inhibiting the release of activator

from the vessel wall,

Exercise.

Biggs and her c¢o-workers were the first to
demonstrate that exercise significantly increases the
overall plasma fibrinolytic activity (Biggs et al 1947).
Many workers have subsequently confirmed this observation
(fatridis and Ferguson 1963; Cochen et al 1968; Hawkey et
al 1975; Davis et al 1976; Cash 1966; Menon et al 1967b;
Rosing et al 1970). The increase in fibrinolytic activity
which results from exercise is shortlived and is not
associated with a falkl in Tibrinogen or plasminogen.

The dincrease in fibrinotytic activity which follows
exercise is similar to that seen in other stress
situations or affer the infusion of adrenalin, In
contrast to the increase in factor VIIT Llevels which
follows exercise the increase in fibrinolytic activity

cannot be prevented by P—adrenergic blocking agents

(Britton et al 1976).
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Mental Stress.
Emotional stress, for example the fear of surgery,
increases overall plasma fibrinolytic activity (Dgston et

al 1962; MacFarlane and Biggs 1946).

Opinions have differed on the effect of smoking on
plasma fibrinolytic activity Pozner and Billimoria (1970)
found that heavy smocking shortened the euglobulin Lysis
.times but Dalderup et al (1970) reported reduced
fibrinolysis in smokers. |

Janzon and Nilsson (1975) examined the effect of
smoking on resting plasma fibrinolytic activity and on the
response to venous occlusion. They found no differences
between smokers and noen-smokers but found that smoking of

six cijgarettes shortly before blood sampling resulted in

shortening of the euglobulin Lysis time, presumably due to-

the combined effects of nicotine and carbon monoxide.

—— . A — - i

Conflicting observations on the effect of alimentary
lipaemia on fibrinolysis have appeared. Some groups have
reported reduced plasma fibrinolytic activity after a
fatty meal. (Billimoria et at 1959; Buckell and Elljot

1959) but others have failed to confirm this observation
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(OgstoH and Fullerton 1962; Hougie and Ayers 1960).
Amongst those who have recorded an effect of,atimentary
Lipaemia on fibrinolytic activity there is dispute about
the effect of different types of fat., Some have observed
inhibition of fibrinolysis after ingestion of animal fats
only (Greig and Rgnde 1957; Gajewskdi 1961) whilst others
have reported inhibition after the ingestion of both

animal and vegetable fats (Farquar et al 1961).
FIBRINOCLYSIS IN VARIOUS PATHOLOGICAL CONDITIONS.

Fibrinolytic activity is altered in a variety of
" pathologicat conditions. In some there are observable
alterations in fibrinolytic activity which appear to be
directly associated with and resultant fTrom the
pathologicat state - for example the changes in
fibrinolysis recorded during and after surgical cperation.
In other conditions, altered fibrinolysis has been

observed, and it has been suggested that a relationship

may exist between the altered fibrinolytic activity and

the pathogenesis of the disorder -~ for example many

workers have sugagested that reduced fibripolytic activity
may be an important factor din the aetiology of

degenerative vascular disease and of thrombotic disorders.

- ———

The spontaneous fibrinolytic activity of the blood

tends to be Low in obese subjects (Shaw and MacNaughton
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1963; Oéston and McAndrew 1964; Bennett et al 1966; Warlow
et al 1972). IObesﬁty is also associated with a poor
fibrinolytic response to exercise (Oéston and McAndrew
1964) and to venous occlusion (Almer 1975). The
plasminogen activator content of vessel walls 1s
significantly moré often Low in overweight subjects (Almer

and Janzon 1975),.

—— e e W e e d A M e

Spontaneous plasma fibrinolytic activity is raised
during operation (Macfarlane 1937; Macfarlane and Biggs
1946; Andersson ét al 1962) but falls immediately post~-
operatively and remains subnormal for 3-11 days thereafter
(6riffiths et al 1977; Knight et al 1977). The vessel
wall activator content and the response t0o venous
pecclusion are both significantly decreased on the third
post-cperative day (Nilsson et al 1980) - possibly as the
fresult of "exhaustion” during surgery. It has been

suggested that decreased fibrinolytic activity in the

post—-operative.period may be an important factor in the -

aetiology of post-operative deep venous thrombosis (Knight
et al 1977,

Some studies have demonstrated a greater and earlier
reduction in fibrinolytic activity poest surgery in
patients who subsequently developed deep venous thrombosis
than in those who did not (Mansfield 1972; Gordon—-Smith et
al 1974) but other authors have been unable to detect a

significant difference (Becker 1972). Interestingly
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Gallus et al (1973) demonstrated antiplasmin activity may
be higher on the first post-operative day in patients who

subsequently develop deep venous thfombosis.

Liver Diseasg.

Spontaneous plasma fibrinolytic activity is often
increased in ¢irrhotic Lliver disease (De ‘Nicola and Socardi
1958). It is believed that this increased activity is
the result of impaired hepatic cvlearing of plasminogen
activator. O<2 antiplasmin and plasminogen Levels are
reduced in cirrhotic disease (Brakman et al 1973/74;

Teger~Nilsson et al 1978).

v e e (- e e M Ae A T W Al B R A BB A e We Am B Mo e AL S i S b et fe B AN e bAe G B Ak M ML e Mo M MA e i e b

It hasg been postulated that normally invivo there is
equitibrium between the coagulation system, in which
thrombin converts fibrinvgen to fibrin, and the
fibrinolytic system which is' responsible for the
dissolution of fibrin {(Astrup 1958)., The haemorrhagic
tendency which results from impairment of coagulation
activity or from hyperactivity of the fibrinolytic systen
is due to disturbance of the nornmat equilibfium such that
fibrin dissolution exceeds fibrin formation. It seems
reasonable to expect that dncreased coagulation activity
or decreased fibrinolysis, by upsetting the balance in
favour of fibrin deposition, may predispose toc thrombus

formationa However, possible relationships between
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clinical thrombotic disease and disturbed blood
coagulation or fibrinolysis are complex and have proven

practically difficult to investigate.

Although more than a hundred years have eLabsed since

Virchow first suggested that three factors were fimportant
in the pathogenes%s of thrombosis;

tHe vessel wall,

the biood within the vessel and

the characteristics of the blood flow,
the relative importance of each of these members of the
triad in thrombus formation remains unclear, Thrombosis
tends to occur where there is disease of the vessel wall
but to some extent, the sites at wﬁﬁch thrembi form are
determined by the nature of the blood flow within the
vessel, thrombus formation occurring most commonly where
the flow 1s turbulent. How much disturbances in the
nature of the blood itself contribute to thrombus
formation has proven extremely difficult to establish.
Even if disturbances in the normal coagulation
fibrinolysis equitibrium in favour of fikrin deposition do
not directly result in thrombus formation it is attractive
to postulate that they fdncrease the tendency to
thrombosis.

The differing structures of arterial and venous
thrombi suggest that fibrinolysis must have a different
contribution to make to the evolution of each. Venous
throembi have a small platelet head and a lLarge fibrin
taiL? and it is simple to conceive that, 4in theory,

reduced fibrinolytic activity may predispose to the
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formation of this type of thrombus. Arterial thrombi are
predominantly platelets but they also reguire the presence
of fibrin for stability, and reduced fibrinolytic
activity, at least theoretically, may predispose to

arterial thrombosis.

Venous _Thrombosis.

An association between venous thrombosis and
decreased Tibrinolytic activity has been sought. Many
studies have shown that fibrinolytic activity fis reduced
in conditions assocciated with a high incidencte of venous
thrombosis, for example, malignant disease (Rennie and
Ogston 1975) and cardiac failure (Rawites et at 1973).
Following mycocardial infarction (Bennett et al 1967) and
as already mentioned, following trauma and surgery a phase
of reduced fibfinoLytﬁc activity 1is observed (Chakrabarti
et al 1969; Rawles et al 1975). Depressed fibrinolytic
activity may be important in the aetiology of deep venous
thrombosis in these coﬁditions.

One ot the earliest reports of disordered
fibrinolysis in a patient with existing thrombosis was
made by Niltsson et al (1961> when she observed a patient
with widespread venous thrombosis associated with severely
impaired fibrinolytic activity that seemed Likely to be
due to the presence of a potent activator inhibitor.
Menon et at (1971) reported that blood fibrinolytic
activity was reduced in patients with venous thrombosis
when compared with age and sex-matched controls.

The fibrinolytic¢c activity of vein walls has also been
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found %0 be reduced in patients with deep venous
thrombosis (Pandotfi et al 1@69) and patients with
‘recurrent Qenous thrombosis have lower fibrinolytic
capacity and Lower vein wall activator content than
controls (Isacson and Nilsson 1972).

Studies on the relationship between defective
fibrinolytic activity énd the development of venous
thrombosis certainly suggest an association but are in no

way conclusive.

Arterial Disease.

The general term thrombotic arterial disease 15 used
to cover a multitude of vastly differing disorders, from
those disorders affecting major centrat arteries to those
disorders affecting the smallest peripheral arterioles.
The role of impaired fibrinolysis in the pathogenesis and
natural history of such widely different diseases may be
quite diverse.

As far as the group of conditions collectively
Labelled cutaneous vasculitis is concerned, a number of
workers have reported impaired plasma fibrinolytic
activity in a percentage of sufferers (Cunliffe 1968;
Parish 1972; Cunliffe and Menon 1971). Many patients with
1diopatﬁic or scleroderma ~ associated Raynauds phenomenon
have poor fibrinolytic activity (Cunliffe and Menon 1969).

In terms of arterial disease, however, the most
important gquestion to be answered is whether or not
defective fibrinolysis is in any way implicated in the

aetiology of atherosclerosis. The thrombogenic theory of
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atherog;nesis published by Von Rokitansky (1852) and
.reviewed by Duguid (1946, 1955) has been further extended
by Astrup (1958) to suggest that depressed fibrinolysis,
by allowing continqus deposition of fibrin, may
predispose to atherosclerosis.

Because degenerative vascular disease is common in
the Western world in middle and old age, it is certain
that no study can ever reveaL absolute differences between
patient and control groups, since 1dnevitably a high
proportion of the control group must eventually also have
occlusive vascular disease, However, several
investigators have produced evidence that occlusive
arterial diéease is associated with reduped fibrinolytic
activity. Nestel (1959) compared a group ofISD men wWith
widespread occlusion of major Lleg a}teries who presented
with dintermittent claudication with a group of 30 men of
similar age with no symptoms of peripheral arterial
disease. He fTound that <the spontanecus Tibrinolytic
activity (as measured by the dilute blood clot Lysis time)
in the patient group was significantly Lower than in the
control group. Fearnley and Chakrabarti (1964} and Naimi
et at (1963) have reported similar findingsa

In an initial investigation of spontaneous plasma
"fibrinolytic activity in survivors of myocardial
infarction and age-matched controls, (Chakrabarti et al
(1966) found 452 of the patients under 60 years had
defective fibrinclysis compared with 8% of those over 60
years and 10% of the controls,

Because this initial study was based on single
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estimat}ons only, they repeated the work using three
estimations of dilute blood clot Llysis times in 107 male
survivors of myocardial infarction and 90 healthy age-
matchea control with normal electrocardiograms (1968). In
this study, 32% of the patients and 12% of the controls
were found, dirrespective of age, to have reduced
fibrinolytic activity on at lLeast two tests. Not altl
investigafors however, have been able to demonstrate
defective fibrinolysis in patients with coronary heart
disease (Katz et al 1963; Merskey et al 1960).

Some workers, in an attempt to assess not only the
spontaneous plasma fibrinolytic activity but also the
functional capacity of what is after all a dynamic system,
have studied the fibrinolytic response to stimulation.
Rosing et al (1973) demonstrated reduced fibrinolysis
activity in patients with coronary heart disease 1in
samples taken with the patients in basal state in the
early morning and found that these patients atso had a
reduced diurnal increase in fibrinolytic activity.
Unfortunately, although the difference between patients
and controls was clear~cut, it did not reach statistical
significance. However, this Tinding of reduced response
to internal physiologic stimuli encouraged other workers
to examine the response to other, artificial, stimuli.
Walker et at (1977) demonstrated that patients with
angiographic evidence of coronary heart disease had a
significantly reduced fibrinolytic response to 5 minutes
venous occlusion of an arm, when compared with controls

with angiographically normal coronary arteries. These
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studies suggest, but certainly do not prove, that a
relationship exists between defective fibrinolytic

activity and arterial disease,

FIBRINOLYTIC ENHANCEMENT.

DOES IT PREVENT THROMBOSIS?

Whether or not fimpaired fibrinolytic activity may be

important in the development or progression of thrombotic

disorders could be of more than just academic interest.

The concept of pharmacologic enhancement of fibrinolysis
as a means of clearing vascular thrombotic occlusions has
many potential applications and has appealed to many
investigators.

Currently, streptokinase and urckinase have a lLimited
clinicai use in the acute thrombotic situation. There may
be a need for other lLess aggressive agents for use 1in
prophylaxis or in the subacute or chronic disease state.
The theoretical possibilities have been reviewed by
Davidson and Walker (1979) but the number of fibrinolytic
drugs actually available remains stricily limited.

Many compounds have been studied and found to have
fibrinolytic and thrombolytic properties that are,
unfortunately, only demonstrable din vitro (Von Kaulla
1075). Considerably fewer have been studied in vivo, and
of those found to have fibrinolytic properties, the
majority have this only as a transient phenomenon because
resistance develops rapidly. Anabolic steroids are the

major exception to this, and in certain clinical
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situations, these have been shown to enhance Tfibrinolytic

activity‘for‘up t0 5 years (Walker and Davidson 19782. In ;
other situations, the qombinatidn of an anabolic steroid
with a diguanide achieved sustained enhancement of

fibrinolysis (Fearnley et al 1967).

Venous Disgase.

Deep venous thrombosis with subsequent pulmonary
embolism must be the greatest single threat to post-
operative recovery. The "fibrinolytic shutdown', which
usuatly occurs post-operatively, can be prevented (Brown
et al 1971) using fibrinolytic agents, but it s difficult
to assess how important a contribution to the prevention
of deep wvenous thrombosis this "normalizing” of the
fibrinolytic activity may make,

In a double~blind study, Fossard et al (1974)
administered a combination of phenformin (180 mg) and
ethyloestrenol (8 mg) or a placebo daily for three weeks
before and for one week after gynaecologic surgery.
Althoughvthe patients on the active therapy demonsfrated
significant 1dincrecases in fibrinolytic activity (by diltute
blood ¢clot Lysis time) at the end of the three weeks prior
to surgery, post—operatively there were no differences
between the treated group and the placebo group. The
frequency of deep venous thrombosis diagnosed by the
radiocactive fTibrinogen test was the same in the two

groups, but perhaps treatment was given Tfor an

insufficient Length ¢f time before surgery.




In 1975, Nilsson of Malwmo reparted on a large series
of 75 patients, 60 of whom had recurrent jdiopathic deep
venous throembosis, 10 recurrent superficial
thrombophlebitis, and 5 retinal vein thrombosis, each
treated with 100 mg phenformin and 8 mg ethyloestrenol
daily for periods of three to forty eight months. Prior
to treatment, all of these patients had Low plasminogen
activator content in the walls of their superficial veins,
and most had a reduced plasma fibrinolytic response to
venous occlusion. Treatment produced signfificant
increases in both spontaneocus plasma fibrinolytic activity
and in the response to venous occlusion. Similarly
sidnificant increases in the plasminogen activator content
of the vein walls were noted. Before entering the study,
the patients had each had between 2 and 20 episodes of
venous thrombosis, but during therapy, only 9 thrombotic
episodes were recorded, and in 5 of these the vessel wall
fibrinolytic activity was Low at the time of recurrence.
Thus, the frequency of thrombotic episodes was markedly
decreased when the fibriholytic activity was being kept
“normal.

There is some evidence that fibrinolytic enhancement
may improve the clinical conditian of patients with
Behgets disease (Cunliffe et al 1973; Cunliffe and Menon
1969) .

Stanozolol has bheen shown to produce significant
fibrinolytic enhancement and subjective improvement in
patients with Lleng-standing Llipodermatosclerosis (Browse

et al 19772,
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Arterial Disease.

Studies on the clinicat effeét of fibrinolytic
enhancement 1in ar;erial disease are much more difficult to
aAsSsSess.

in 196% Menon et al reported that 9 out of 2 patients
Wwith cutaneous vasculitis treated in an open study with
etﬁyloestrenol (2 mg ®IP) and phenformin (50 mg BD) had
enhanced fibrinolysis as measured by the euglobulin Lysis
time whilst on treatment. Seven ocut of the ? showed
clinical improvement after 4-6 weeks treatment and, 1in
these 7 patients, all manifestations of cutaneous
vasculitis had disappeared at the end of 10 weeks
treatment, In a further open study, Gillam et al (19747
reported clinical improvement in 5 patients with 'atrophie
blanche' treated with phenformin and ethyloestrenol.

However, probably the best study so far reported on
the effects of anabolic steroids in cutaneous vasculitis
is that reported in preliminary form by Dodman et al
(1973 and in a more complete form by Cunliffe et al
(1975). Of the 25 patients participating in the study, 15
improved clinically when treated with phenformin and
ethyloestrenot and 12 also responded clinicatly to
phenformin and stanozolol. Fourteen of the 15 patients
who showed clinical response were followed up for 2 years
during which ¢linical improvement was maintajned -~ in 7

patients even after cessation of drug therapys.
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ALL 25 patients showed signifipant shortening of
their euglobulin Lysis ¥imes when they wWere taking

anabolic sterocids.

Anabolic steroid therapy produces clinical
improvement in Raynaud's phenomenon, Probably the Lgrgest
pubtished study of anabolic steroid therapy in Raynaud's
phenomenon is that reported by Jarrett et al (1978). In an
open study, 20 patients were each given Stanczolol 5 mg BD
for 3 months, taken off anabolic therapy for 3 months and
then given a further 3 months Stanozolol.

The mean dilute blood clot-lysis time was
significantly shortened during each 3 month period of
therapy and the mean Lysis areé produbed by the
resuspended euglobulin fractidn on fibrin plates increased
significantly during the second 3 months of treatment.
During each pulse of anabolic therapy, the mean plasma
fibrinogen Level  fell significantly. Signiftficant
improvement in the mean hand blood flow was recorded
during the first course of treatment‘and this 1improvement
was sustained durfng the off~treatment dinterval of 3
months. A further increase in hand flow was recorded
after the second 3 months of stanozolol. There were
significant increases in mean palm temperature during
anabolic therapy and the mean temperature of the jndex
fingers also increased significantly. The mean grip
strength which was measured before and after the second

course of treatment showed highly significant improvement.




Th; guestion of what part, if any, fibrinolytic
therapy has to play in the management of degener‘at_ive
disease of major arteries is difficult and poor}y
explored. In 1970 Chakrabarti et al reportee on an open
study of 10 patignts with occlusive vascular disease who
had received continuous treatment with phenformin 50 mg 8D
and ethyloestrenol 4 mg BD for 2-3 years. During
ethyloestrenol therapy all of the patients had reduced
platelet édhesiveness, 7 had increased fibrinolytic
activity, and most of them had lowered Levels of plasma
fibrinogen and serum chotesterol. When the ethyloestrenol
was replaced by stanozolol 5 mg BD for & months, the
pltatelet stickness returned to pre-anabolic steroid
levels, but the fibrinolytic enhancement énd the reduction
in serum cholesterol levels were sustained almost
unchanged and the pltasma fibrinogen levels were further
reduced. Chakrabarti and his collieagues felt 4t
inappropriate to commeni on any possible c¢linical benefat
of the anabolic steroid therapy in their study. However,
Bielawiec et al (1978) observed clinical improvement in
the majority of 28 patients with oblijterative
arteriosclerosis given daily phenformin 100 mg and
stanoczolol 7.5 mg stating, without recording details, that
their walking distances improved. During stanozolol
treatment fibrinolytic activity was increased and plasma
fibrinogen levels were lowered. Cholesterol, totat Lipid
and p-Lipoprotein Levels were all reduced during therapy

and in contrast to previous reports platelet adhesiveness

was reduced.
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If therapeutic assessment is difficult in peripheral
arterial disease it has proven an almost insurmountable
probLém for many investigators examining the effects of
countLeés different therapeutic possibilities in coronary
heart disease (CHD). With this preface, therefore, it can

be appreciated that there have been to date no reaLly'good

studies of the clinical effect of fibrinolytic therapy in

CHD.

in 1970, Menon et al reported that 10 post-
myocardial~infarction patients, given phenformin 100 mg
plus stanozolel 5 mg daily, demonstrated enhanced
fibrinolytic activity during therapy. He made no comment
on the c¢tinical findings in these patients.

In a double blind study, Davidson-et al (1972)
examined 34 men post-myocardial infarction given either:
phenformin 100 myg pltus stanozolol 10 mg daily; or placebo
plus stanoczolol 10 mg daity; or matched placebo tablets,
for a period‘of 12 months. Throughout the study, the
groups on active treatment showed significant shortening
of their euglobulin lysis time. As in other studies,
ptasma fibrinogen Llevels were reduced during anabelic
therapy, but, in contrast to other studies, this was not
sustained beyond 3 months and no significant effect on the
cholesterol level was noted, No attempt was made to
examine the c¢clinical effect. In a further report on this
study, 17 of the patijents had their antithrombin III
Levels measured during stanczolol therapy and were found
to have significantly increased levels compared to their

baselines (Walker et al 1975). Nine of these patients
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were faLLoued up for 60 months on anabolic therapy and
were found to have sustained fibrinolytic enhancement
(Walker and Davidson 1978) but as in previous reports no
clinical comment was felt appropriate.

Clinical comments on the value of anabolic steroids
in CHD tend to Be vague and non-specific. Bielawiec
(197 8) reborted on 27 patients with CHD given dadily
phenformin plus stanozolol 7.5 mg. As 9in theijr study.of
patients with péripheraL arterial disease, they reported
enhanced fibrinolysis, lowered fibrinogen Levels and
Llowered cholesterol, total Lipid and PwLipoprotein Levels
but itn additioen they also state that 1improved
electrocardiograms were found during aﬁaboLic therapy.

It seems Likely that a2 with other agents of
potential therapeutic value in CHD, only a large study
involving many patients over several years will produce
any real dinformatijon on whether or not fibrinolytic

therapy has any place in the management of CHD.
CONCLUSIONS. -

In this chapter methods for assessing plasma
fibrinolytic activity, both that which occurs
spontanecusty and that which results from a range of
physicologicat and pharmacological stimuli, have been
explored,

The Llevels of plasma fibrinolytic activity vary

widely in normal heatthy individuals according to their

age, sex, race and habits.
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A éiversity-of pathological conditions have been
reported as heing associated with aitered fibrinolytic
activity. In_some instances, where f{brinolytic activity
hasﬂbeen found to be reduced it has been suggested that
the impaired abjLity to lyse fibrin may be causally
important in the development of thrombosis. To date,
however, there are no studies which demonstrate clearly
that Eeduced fibrinolytic activity has caused either
vencus or arterial thrombotic disease.

Many investigators have speculated on the value of
enhancing fibrinelytic activity in dindividuals with a
thrombotic predisposition. Theoretically it is attractive

to postulate that 1if individuals with impaired

fibrinolytic activity could be iddentified, normalisation

of theidir fibrinoLytic system would be clinically

beneficial. To date, however, there is only Limited

evidence available to support this concept.
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CHAPTER V.

METHODS USED FOR THE ASSESSMENT OF

PLASMA FIBRINOLYTIC ACTIVITY.

INTRODUCTION.

In this chapter, are described the various standard
procedures, clinical, laboratory and statistical which
have been used 1in this study to determine plasma
fibrinolytic activity both at rest and in response to the
challenge of venous occlusion,

In addition a number of extra experiments on the
effects of varying some of the procedures are described.
These extra experiments were carried out by me personally
during a visit to the Gaubius Institute, Leiden,
Netherland and 1 would Like to acknowledge the invaluable

assistance and advice given to me by Dr. P. Brakman and

Dr, €. XLuft during this visit.
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STANDARD PROCEDURES.

BLOOD SAMPLES,

Collegction,
Using a 21 swg needle, 9 ml of venous blood were
collected dinto 1 ml of prechilled 31.3 g/l triscodium
citrate in a polycarbonate tube. The tube was immediately

repltaced on melting dce.
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Within 30 minutes of collection, the sample was
centrifuged for 30 minutes at 3000 rpm at £%¢. 1.2 wmi
aliquots of the supernatant plasma were placed in 2 ml
screw=-capped ‘serum tubes'", snap-frozen by dropping them

into a flask of tiquid nitrogen and then stored at =-80°C.

Comment.

PlLasminocgen activator released during venous
ncclusion appears to be labile, its activity varying with
pH and temperature (Nilsson et al 1970).

It has been claimed that freezing and subsequent
thawing of specimens results din a serious loss of
activator activity. Not all authorities, however, are

convinced of the necessity to examine fresh specimens




(Kluft énd Brakman 1975). In our experience, freezing
does not significantly alter the fjbrinoLytic activity of
euglobulin fractions (Walker et al 1976).

Providing contact with aglass 1s avoidéd, the
specimens are separated immediately after collection and
the platelet poor plasma then frozen rapidly, there 1is no
significént Lass of activator activity with storage frozen
for periods of up to three weeks. Practically if is
obviously advéntageous if, as in the studies reported

here, specimens can be stored and examined in hatches.
15 MINUTE VENOUS OCCLUSION TEST.

It is important that alt variables should be
considered and, as far as possible, a carefully
standardised procedure adopted.

bescribing the test procedure in advance, to the
patient or control and explaining to him the reasons for
carrying it out and necessity of standardising the
procedure helps gain co—~operation and hopefully Llessens

anXxiety.

Test Procedure.
Subjects were instructed that they must fast from 9
pm the evening preceding testing, neither food nor fluids
other than water being aliowed. Smokers were asked to

abstain from smoking during the period of fasting.
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Te;ting was carried out at a standard time of day, in
the morning at 9 am. Subjects were rested supine on a bed
for at teast 20 minutes prior to testing and throughout
tﬁe test itgeLf. It is helpful iFf the 20 minutes prior to
testing are used to obtain details of the subjects name,
age, etc., to obtain any important clinical informatiocn
and generally to establish a relaxed rapport with the
subject. buring the period of venous occlusiaon the
subject should not be Left alone.

After 20 minutes rest, venous hblood was collected
from the right antecubital fossa without the use of a
tournjguet, A sphygmomanometer cuff was then applied 1o
the Left upper arm and inflated to the pressure exactly
midway between diastolic and systolic. A stop watch was
started and the cuff was kept carefully.inflated to the
mid pressure for precisely 15 minutes. At the end of 15
minutes and immediately priocr to deflating the cuff,
venous blood was withdrawn from the Left antecubital
fossa.

Pressure was applied over the vein puncture sites
until all bleeding was stopped, taking particular care

with the puncture site on the occluded arm.

Comment.

The venous occlusion test is discussed 1in greater

detail in the following Chapter (Chapter VI).
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EUGLOBULIN FRACTIONS.

The term euglobulin fraction refers to the fraction
obtained from diluted plasma by iscelectric precipitation

at acid pH.

Materjals.

i n M3 D O e

Platelet Poor Plasma.

Prepared as previousLy described.

Acetic Acid.

Acetic acid 0.25 vol.%Z (D.44 MY,

-EPTA Buffer. (dionic strength 0.15, pH 7.75).

The EDPTA buffer used contains,
D.05 M sodium dicthylbarbiturate (Veronal),
0.10 M sodium chloride,
0.25%4 (W/V) gelatin,

and 0.,079% (W/V) ethylenediamine tetra acetic
acid (EDTA).

Since this buffer can be stored at 4°9C, it is

conveniently prepared in 1 Litre volumes as follows:
Put 10.31 g of sodijum diethylbarbiturate and
0.79g of EDTA 4in a flask with 740 ol of
distilled water and 160 mtl of 0.1 N hydrochltoric
acjd. Add 2.5 g of gelatin and dissolve by
warming gently. Adjust pH to 7.75 with 0.1 N

hydrochtoric acid and make up volume to 1T Litre

with distilled water.




Methods.

Immediately before fractionation, the.frozen aLiqﬁot
of plasma was thawed rapidly by placing it in a waterbath
at 37°c. As soon as the plasma was thawed it was rapidly
chilled by swirling it 4n a bath of iced water,

It is8 1dimportant that the preparation of the
euglobulin fractions is carried out in the cold with, not
only the plasma, but all of the reagents being chilled to
the temperature of melting ice prior to starting and
maintained at that temperature throughout the
fractionation procedure. This is probably easiest done by
pLacjng the reagents and all the necessary tubes in racks
standing in & Large basin of melting ice.

9 mlL aof distilled water were pipetted into a
siliconized glass tube (1.8 cm diameter x 9 cm tong) and 1
ml of plasma was added. The tube containing the dilute
plasma was transferred to a beaker of melting ice and the
plasma stirred with a small magnetic stirrer, keeping the
tube in meliing ice. The pH of the solution was meashred
and then adjusted to pH 5.9 by adding 0.25% (V/V) acetic
acid. It is important to stir gently during the titration
and to bring down the pH slowly. The whole titration
should take about 6-7 minutes.

After titration the solution must stand at least
15 minutes and no more than 120 minutes in ice before
separating the preciptated proteins by centrifuging it

for 10 minutes at 3000 rpm. at +4°C.
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The supernate was discarded and the tube.containing
the euglobulin fraction was drained by inverting it on
absorbent tissue for 3 minutes. The tube was then
carefully dried inside using tissues and immediately
replaced on ice. The "sticky" euglobulin fraction was
broken up gently using a magnetic stirrer and then
resuspended in 0.5 mi. EDTA buffer (200% euglobulin
fraction}.

The titration of the plasma pH down to pH 5.9 is most
conveniently carried out using an automatic titrator
(Automatic Titrator TTT 11, Radiometer, Copenhagen). The
titrator electrode must be cleaned regularly and should be
stored overnight in a room temperature solution of 0.1%
(W/V) pepsin in 0.1 N hydrochloric acide Before use, the
electrode is rinsed with 0.1 N hydrochloric acid followed

by distilled water and dried gently.

Comments

Eugtobulin fractionatien of plasma is widely used in
the study of plasma fibrinolytic activity because the
euglobulin fraction contains considerably Lless inhibitors
of the fibrinolytic system than does plasma. (Kluft 1976).
A number of modifications for the preparation of
euglobulin fractions have been described with various
dilutions of the plasma and at various pH values {(Cash
1966; Cucuianu 1966; GalLlimore et al 1965)<KLluft (1978

has shown that the highest fibrinolytiec activity seems to
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be obta%ned in fractions prepared at Ltow joenic strength
and at a pH of 5.9.

For reproducibiLity,.the technique must be carefully
standardised witﬁ regard to temperature, speed of stirring
and rate of addition of acid. This is probably easiest

achijeved using an automatic titrator.
FIBRIN PLATES.

Materials,

Fibrinegen:
bDried fibrinogen powder was purchased from Poviet,
0ss, Netherlands. Unless otherwise stated, the fibrinogen

used throughout this study was plasminogen rich bovine

fibrinogen (Batch No.106, Poviet, O0ss, Netherlands).

The buffer used in the preparation of the fibrinogen
solution was that described by Brakman {(1967) containing,
D.050 M sodijum diethylbarbiturate (Veronal)
0.093 M sodijum chlorijde
1.66 mM calcium chtoride
and 0.69 mM magnesium chloride
Since this buffer is stable at room temperature

far about one week it is conveniently prepared in

one Litre volumes as follows:
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Mix 10.31 g sodium diethylbarbiturate -in a
flask with 600 ml distilled water,
250 ml D.IN hydrochloric acid and
50 ml of salt solution (vide infral.
Adjust the pH with 0.1 N hydrochbtoric acid to 7.75
and then make up the vaLume to one Llitre with
distilied water.
Salt solution :
for 1 litre,mix 4.89 g calcium chloride
dehydrate
2.79 g magnesium chloride
hexahydrate and
109.12 g sodium chloride.
Make up to one titre with distilled water.
Solid fibrinogen was dissolved §n fibrin plate buffer
to give a final concentration of 0.1% (W/V¥). Since it s
important that the final ionic strength of the fibrinocgen
solution should be D.15, account must be taken of the dons
'present in the fibrinogen starting material and the
necessary adjustment in the ionic strength of the plate
buffer made by adding distiltled water., The fibrinogen

solution was made, therefore, by mixing 1in a flask,

X mg of dry fibrinogen powder with Vg mL of fibrin
plate buffer and adjusting the ionic strength with

VHZD mL of distilled water.
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Where X (Usol!F) x 0,70 x 100

Vyop ® (Vgg X #'F)/0,15

Vg = Vsol - Viop
When Vsol = Volume in ml of fibrinogen
solution required -
: F = concentratijon % (W/V) of %
i fibrinocgen in the dry
preparation
and J'F = donic strength of X mg of

fibrinogen in Vsol mlL of water.
Bovine plasminogen rich fibrinogen, Batch 106,
Poviet, O0ss, contains 80.7% protein of which 63% 1is
ctottabte, To obtain 100 m{ of 0.1% fibrinogen,
(ionic strength 0.13), 159 mg of this fibrinogen
(batch 106) was dissolved in 4 mi distjiled water and
96 ml Tfibrin plate buffer (dionic strength D.15).
Immediately after addition of the solvent the mixture
was stirred without foaming at room temperature for

about 20 minutes.

Thrombin Sglution.
Bovine thrombin, 5000 NIH units (Leo Pharmaceuticals,
Copenhagan} was dissolved §in 250 ml of saline containing

0.25% (W/V) gelatin to give a thrombin solution containing

20 NIH units/ml. This solution of thrombin was stored for

no more than 24 hours at 4°C.
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Methods.

Six ml votumes of fibrinogen solution were pipetted
into clean, flat based Petri dishes (90 x 15 mm - Sterilin)
placed on a precisely levelted surface. 0.2 mbL of
thrombin solution was added to each and carefully and
thoroughly mixed. The plates were then left for at least
30 minutes on the levelled table at room temperature to

allow an even Layer of fibrin to form.

For measuring fibrinolytic activity in resuspended
standard euglobulin fractions, 30 pl drops'give measurable
lLysed zones. Since, for safety reasons, mouth pipetting
with glass pipettes is fTorbidden in our Laboratory, 30 FL
drops were applied using an automatic micro-pipette (Clay 3
Adams, USA). Each sample should be assaved at Least 1in

triplicate on three different fibrin plates.

Incubation of Fibrin Plates. ?
The fibrin plates, after application of the test

solutions, were incubated for 18 hours in an incubator at

37°¢. Care must be taken to ensure that the dincubator

shelves are exactly hordizontal and that the incubator is y

situated where it witl not be subjected to vibratory

movements.




The diameters of the zones of Llysis were measured
using a simple device described by Haverkate (1972). S{de
lighting of the fibrin plates altows the Lysed-areas tobé
visualised easily and the diameters of the lysed zones are
readily measured using a photographic negative of graph
papef marked in millimetre squares placed under the
plates. Two perpendicular diameters of each lysed zone
were measuréd. For each sample the result was expressed
as the mean diameter (in mm} of at least six diameters

measured on at least three Llysis zones.

Comment.

The fibrin plate method ijs a sensitive and accurate
means of assessing fibrinolytic activity. Preparation of
the plates however reqguires technical skill and meticulous
standardisation of all steps of the procedure, The
guality of the fibrinogen starting material 1is critical.
Bovine plasminogen rich fibrinogen from Poviet has been

found to be sujtable for preparing fibrin plates.
DATA HANDLING.

Statistics.

The statistical methods used in the analysis of the

data collected for this thesis have been Limited to a very

few fairly simple tests (Swinscow 1976).
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a)

b2

c)

d)

al

Calculation of mean, variance, standard deviation and

standard error

Student's t test to examine the differences between
the means of a variable examined in two separate

populations

Student's paired t test to examine the differences
hetween the means of a variable in paired samples

collected from a populaticen

Calculation of correlation coefficients for two

varjables and the application of the t test to this

correlation.

Where n = total number of data points
Mean of x array- = = x
n
= e
Variance = f{(x—?)z

n—1

Standard deviation

il
[
N
Y|
e
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Standard error ’ = Standard deviation

B / n

b) Student's t_Test.

For each popuiatjon, find the sum of the square of

the differences from the mean value

{uBu, ig_(x1 - ;})2 for population 1

and = (xp - ?})2 for population 2

The square of the standard deviation (sb%) of the two

populations combined

The standard error of the difference between the

means
- P 2
n.l n2
t = ?1 - —).(_2
2 2
SD . sD
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it

Where ny total number of data points in population 1

1

and.nz total number Ufldata points in population 2

c) Student's Paired t Test.

v dn A o W Ay P fh i A Gk b Gkt Mh e -

Find the mean of the differences between each pair = El

i}

Where n the total number of pairs examined,

and SDZ = the square of the standard deviation,

d?

The correlation coefficient, r, of two variables (x

and y) is calculated,

and t = r | n =2

Wwhere n

n
t
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Using single-tailed tests, P values of <0.05 are

considered significant and P values of >0.05 not

significant (NS).




on compLe%ion of the study, the data were recorded
and filed using an Apple II microcomputer with 48k of
memory and associated 5 inch dual floppy disc drives
(Apple Corporation, California)l. The.programmes for
filing the data and for its subsequent statistical

analysis were custom designed for this study.
EXPERIMENTAL PROCEDURES.
DOSE RESPONSE CURVES FOR UROKINASE ON FIBRIN PLATES.

This experiment was designed to demonstrate two

important facts.

1. The diameter of the Lysed area produced by urckinase
on fibrin plates is related to the concentration of

the urokinase.

2. Getétin added to the diluting buffer greatly enhances

the observed Lytic effect.

Materials.

Buffers.

- -

a) Gelatin buffer was prepared as follows.
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Put 10.31 g sodium diethylbarbiturate and 5.85
g sodijum chloride in a flask teitH 700 ml
distilled water -

and 250 mlL D.1 N hydrochleoric acid.

Add 2.5'g gelatin and warm gently to dissolve.
Cool and adjust pH to 7.75 with 0.1 N
hydrochloric acid. Make up to 1 litre with

distilled water.

b) Gelatin~free buffer was prepared as follows.
Prepare exactly as {for gelatin buffer but

omitting the gelatin.

Urokinase (Leo, Copenhagan).

A stock solution of urokinase, 500 ploug

units/mt in gelatin buffer was prepared.

—— e v = = = Am o

Fresh fibrin pltates were prepared using bovine
ptasminogen-rich fibrinogen (as previoustly

described) .

Methods.

The following dilutions of urokinase were prepared

from the stock solution,
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a) 1n gelatin buffer, a2 100% solution containing
25 ploug units/ml and 50%, 25%, 12.5%, 6.25%
.and 3.125% solutions containing equivalent

amounts of urokinase.

) in gelatin-free buffer, a 100% solution
containing 25 ploug units/ml and 50%, 25%,
12.5%, 6.25% and 3.125% solutions containing

equivalent amounts of urokinase.

Fach of the dilutions was assayed six times by
placing precisely 5 Pl drops en fibrin plates. The plates
were incubated for 18 hours at 37°C. Two perpendicular
diameters of each lysed zone were measured and the result
for each dilution wes expressed as {the wean of the twelve

diameters recorded.

o0
[o]
172]
1c
1—
{et
{n

iv

The mean diameter of Lysis produced by each dilution

is shown in Table 1.

Comment.
From these results, it i1s evident that the diameter
of the Lysed area produced by urakinase on fibrin plates
is related to the concentration of the urokinase. Gelatin

added to the dituting buffer, enhances the iytic effect of
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TABLE 1.
- Diameter of Lysis =~ mnm.
Dilution of UK. Gelatin. Gelatin—-free,

100% A 23,7 22 .1

50% 21 .7 19.1

25% 18.9 14.4
12.5% 17.3 9.2
6.25% 14.6 4.8
3.125% 11.6 2.4

Diameter of Lysis in mm produced by varying
dilutions of urokinase in gelatin buffer and in
gelatin-free buffer.




a giveﬁ ditution of urokinase particularly where the
urokinase is highly diluted. This enhancing effect of
getatin in the buffer 1is ﬁresumabLy the result of less
urokinase being adsorbed opfo the walls of pipettes and
sample tubes in the presence of gelatin. The EDTA buffer
used to resuspend.the euglobulin fraction described in the

standard procedure contains gelatin.
EFFECT OF VARYING SAMPLE HANDLING PRCCEDURE.

This experiment was designed to demonstrate the
importance of a rapid standardised sample handling

procedure.

——— e - e -

A sphygmowanometer cuff was applied to the right
upper arm of a healthy female volunteer, inflated to a
pressure of 105 mm Hg and maintained inflated for a period
of 15 minutes. Two 9 ml samples of vencus bklood (A and B)
were callected from this 'occluded' arm immediately prior
to deflation of the cuff. Each 9 ml sample was
immediately added to 1 ml prechilled 31.3 g/l trisodium
citrate and mixed. Each sample was then subdivided into

two 5 ml subsamples.

The four subsamples were handled as follcows:
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Aq - Rapid at 0°C - This subsampie was immediately

spun at 3000 rpm, at 0°C for 30 minutes.

A, - Slow at 0°C - This subsample was placed in

melting fce and Left for 1 hour before
spinning at 3000 rpm, at0°¢c for 30

minutes.

Bq ~ Rapid at 0°C - This subsample was handled

in exactly the same manner as Aq.

Bo ~ Rapid room temperature = This subsample was
immediately spun for 5 minutes at room
temperéture, 12;000 rpm using an Eppendort
high speed centrifuge 5412 (Eppendorf

Geratebau, Bamburg).

After centrifugation, plasma was separated
from each subsample and snap frozen in 0.6

ml aliguots.

Methods.

Fibrin Plates.

Plasminogen—-rich bovine fibrin plates were prepared
as previously described.

Euglobulin fractions were prepared from each

subsample by dituting the thawed plasma one part in ten

with distilled water and adjustiny the pH to 5.9 with
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with distilled water and adjusting the pH fto 5.9 with
acetic acid (as already described). The euglobulin
fractions were each resuspended in a volume of EDTA buffer
equal to the starting velume of plasma — resulting in a
100% fraction.

30 pt drops of each fraction were assayed 1in

tripticate as already described.

Results.

The diameter of the Llysed zones produced by
euglobulin fractions prepared from each subsample is shown
in Table 2. The very rapid room temperature handling
produced a plasma with the greatest Llytic activity (27.5
mm Lysis). Detaying centrifugation for an hour resulted

in a plasma with the least activity (24.4 mm Llysis).

Comment.

It is evident from the above results, that measurable
plasma fibrinolytic activity is attered by varying the
sample handling preocedure. Vascular plasminogen activator
is Labile. PlLasma samples for measuring fibrinolytic
activity are usually chilled and processed at 0=4%C. High
speed centrifugation for 5 minutes at room temperature
immedjately after sample collection produced the plasma
with the highest activity. Unfortunately this method 1ds

not suitable for routine use since the high speed
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TABLE 2.
Sample Diameter of lysis-mm
. Ay - rapid 0% 261
| A, ~ stow 09C 24.4
| By - rapid 0°C 26.0
By, - rapid RT 27 .5

The diameter of lysis produced by samples of blood
and handled at 0°C and at room temperature (RT},
rapidly and slowly —~ (after 1 hours delayl.




a

centrifuge does not have the capacity for handling
relatively Llarge volumes of blood samples.

The above experiment demonstirates that even if plasma
samples are handled using a meticulous cold technigue a
delay of as Little as one hour from the time of collection
until the time processing 1is commenced is assocjated with
a measurable lLloss of fibrinolytic activity. It s
essential that blood samples for fibrinolytic activity
measurement are handled in a standardised fashion as

quickly as possible after collection.

EFFECT OF VARYING pH OF EUGLOBULIN FRACTIONATION.

The effect of va}"ying the pH of euglobulin
fractionation on observed fibrinolytic activity was
examined. Euglobulin fractions were prepared at pHs

between 5.0 and 6.5 at constant ionic strength.

Materials.

Pooled Plasma:
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A pool of platelet poor plasma was prepared from two

healthy donors. Venous blood was collected from the
antecubital fossa after 15 minutes venous occlusion with a
sphygmomanometer cuff inflated to the pressure midway
between diastolic and systolic pressures, Nine parts of
venous blood were added to one part 31.3 g/l prechilled
trisodium citrate and platelet poor plasma was prepared

'snap frozen' and stored as previously described.




Fibrin Plates:

Fresh fibrin plates were prepared as previously
described using bovine, pLasminogenmri&h fibrinogen.
Agetic Acid: |

Acetic acid 0.25 vot% (0.44 M.
EDTA Buffer: |

Iondic strength M= 0.15, pH 7.75, prepared as

previously described.

Methods.
Four separate cuglobulin fractions were prepared
by dituting the plasma one part in ten indistilled

water and then adjusting the pH of

one dilution to 5.0,
cne dilution to 5.5,
one ditutijon to 5.9

and one dilution to 6.5

with 0.25% (V¥/V) acetic acid. The preocedure for the.
separation of the euglobulin fractions was as previously
deécribed but the precipitated euglobulin fractiions were
each resuspended in volumes of EDTA buffer equal to the
starting plasma volumes (100% euglobulin fractions). 30
PL drops of the resuspended precipitates were placed on
fibrin plates and the plates incubated at 37°C for 18
hours., Each euglobulin fraction was assayed in triplicate

and the fibrinolytic activity of each was expressed in




terms of the mean diameter of Lysis which it produced.

Results.
The mean diameter of Lysis produced by each

fraction is shown in Table 3.

tomment.,

As is obvious from Table 3 the fibrinolytic activity
of the euglobulin fractions varies with differing pH and
is maximal when the euglobulin fraction is precipitated at
pH 5.9. This brief experiment is in keeping with
meticulous studies carried out by Kluft (1978) on the
effect of altering the pH of precipitation and also the
effect of preparing euglobulin fractions at different
ionj¢c strengths. He found that maximal Tibrinolytic
activity was obtained in euglobulin fractions preciptated

at low ionic strength with the pH adjusted to 5.9.

EFFECT ON OBSERVED FIBRINOLYTIC ACTIVITY
0F VARYING THE FIBRINOGEN USED IN THE FIBRIN
PLATES ANP OF VARYING THE FINAL CONCENTRATION

OF THE RESUSPENDED EUGLOBULIN FRACTION.

The apparent fibrinolytiec activity of euglobulin
fraction varies depending upon the fibrin substrate used

to measure qt.
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TABLE 3.
pH 5.0 pH 5.5 pH 5.9 pH 6.5
Piameter of
Lysis - mm. 20.7 27 .4 23.7 22 o4

Mean diameters of lysis produced by euglobulin
fractions prepared at pH 5.0, pH 5.5, pH 5.9 and
pH 6.5.

i




A éugLobuLin fraction was prepared and assayed on
fibrin plates made from four different fibrinogen
preparations.

Puring this experiment the opportunity was taken to
assest also the effect of varying the volume of buffer

used to resuspend the euglobulin precipitate.

Materials,

A pool of platelet poor plasma was prepared from
venous blovod drawn from ten healthy donors. The pool was
divided intoe 1.2 mlL aliquots and stored as previously
described.

Fibrinocgen for the preparation of the fibrin plates

was obtained from the fotlowing sources:
(a) Plasminogen rich bovine fibrinogen prepared
at the Gaubius Institute, Leiden,

Netherlands.

(bY Plasminogen rich bovine fibrinogen. Poviet,

0ss, Netherlands. (Batch No.114).

(¢ Plasminogen poor bovine fibrinogen. Poviet,

0ss, Netherlands. (Batch No.093).

(dY Plasminogen rich human fibrinogen.

Kabi, Stockholm, Sweden.
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Urckinase:

Urokinase (Leo, Copenhagen, Denmark) 10,000 ploug
units was dissolved in buffer containing gelatin to give
an end concentration of urokinase 20 ploug units/ml.
Buffers.

e e -

(a) Fibrin plate buffer.

(b) EPTA buffer for resuspending the euglobulin

fraction.
{¢) Gelatin buffer for diluting urokinase,.

The preparation of these buffers was as previously
described.
Thrombin.

Thrombin (Reagent Thrombin, Leo, Capenhagen, Denmark)
5,000 NIKH units was dissolved in physiologicael saline

containing (0.25%2Z gelatin (W/V) to give a fTinal

concentration of thrombin 20 NIHKH units/ml.

Methods.

- A -

- v v rve T e o WD BE mE o Em Am RS R g b e v e ey

A solution of each fibrinocgen was prepared as
previously described taking care to maintain the pH and
the donic strength the same for each solution. Using the
method already described, a batch of fTibrin plates was

prepared from each fibrinogen solution,




The eugltobulin fraction was precipitated from the
.pooled normat plaéma by diluting the plasma one part in
ten with distilled water and adiusting the pH to 5.9 with
acetic acid {as previously described),.

The eugtobuiin fraction was resuspended in EDPTA
buffer equal to half the volume of the starting plasma.
(2007% eugLobuLin fraction). An aligquot of this 2D0%
fraction was further diluted in buffer to produce a 100%
euglobulin fraction. 3D PL' drops of each fraction were
placed on each of the four types of {fibrin plates,
incubated at 37°C for 18 hours and the mean diameter of
lysis produced by three drops was found for each fraction
an each type of plate. |
Urokinase.

5 ’JL drops of urokinase (20 ploug units/ml in gelatin
buffer) were placed in triplicate on each of the four
types of fibrin plate and the zones of lysis produced

after 18 hours incubation at 37°C measured.

Results.

The mean diameters of Lysis produced by the
triplicate assays of the 100% euglobulin, the 200%
euglobulin fraction and the urockinase solution on the

fibrin plates made from each of the four different

fibrinogen preparations are shown in Table 4.
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Comments.

Firstly, it is obvious that there may be ﬁuite
considerable differences in the apparent fibrinolytic
activity of a solution depending upon the fibrin substrate
used to measure it. As would be expected, urokinase did
not lyse the Poviet plasminogen poor fibrin (Batch No0.093)
at all. Quite a marked difference was observed 1in the
diameters of Llysis produced by the urokinase on the
different plasminogen rich fibrin plates, the human fibrin
plates appearing to be Less sensitive to urokinase than
the bovine fibrin plates.

The eug[obulin fraction contains significant amounts
of plasminogen. The amount of plasminogen present 1in the
fractions prepared would appear to have been sufficient to
allow fullt expression of the fibrinolytic activity of
these fractions even when the fibrin plates used contained
very Little plasminogen (Poviet, Batch No.D93).

The sensitivity of fibrin plates varies according to
the fibrinogen solution used in their preparation. This
variable sensitivity is the result of many faciors
including the source of the fibrinogen and the amount of
contaminants including plasminogen and fibrinotytic
inhibitors.

It is important, that when a batch of fibrinogen
preparation has been found to be suitably sensitive in the
fibrin plate assay, sufficient guantities of this specific
batch of preparation are available to complete a given

study.
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TABLE 4 .
Diameter of FIBRINOGEN PREPARATIONS
Lysis ~ mm Gaubjus ° Poviet 114 Kabj -~ Poviet 093
100%
Euglobutlin ,
fraction. 8.9 mm 7.5 mn 8.6 mm 8.2 mm
200% ' ' '
Euglobulin
fraction. 8.3 mm 7.8 mm 8.5 mm 8.8 mm
Urokinase. 23.1T mm 22.5 mm 18.3 mm 0

Mean diameters of Lysis (mm) produced by 100%
euglobulin fraction, 200% euglobulin fraction and

Urokinase when applied to a variety of different

éubstrate fibrins.




In‘the second place this experiment has demonstrated
that doubling the concentration of the cuglebulin fraction
does not resuft in propoftionalty Larger Lysis zones,
This 4s almost <certainly because of the greater
concentration of inhibitors present in the 200% fraction.

At this point it must be said that initial studies
carried out in our Llaboratory, where POV{Et fibrinogen is
used, did suggest a slight advantage would be gained by
preparing 200% euglobulin fractions. The éxperiment
described above was carried out by me personally at the
Gaubius Institute, Nethertands, after the bulk of the
clinical material included in this thesis had been
examined, I am now convinced that not only 1is there
usually Ltittle to be gainéd by preparing 200% cuglobulin
fractions but because the precipitation of inhibitors in
the euglobulin fraction is not quantitatively constant,
200% fractions are likely to compound an already complex

situation.
INHIBITOR CONTENT OF EUGLOBULIN FRACTIONS.

Euglobulin fractionation of plasma s commany used
in the study of plasma fibrinolytic activity because the
euglobulin fraction is sajd to be relatively free from
fibrinolytic inhibitors ((Kluft 19763,

The amounts of a number of antiproteases were
measured in pooled resting plasma and in a 2004 eugiobulin

fraction prepared from this pooled plLasma.
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‘Pooled Plasmaz

A pool of platelet-poor plasma was prepared as
previously described from ten healthy donors. This paol
was snap-frozen in 1.2 wl aliquots and stored at ~-80°%c,

An aliguot of the pooled plasma was used to prepare a

_200% euglobutin fraction (as previously described}.

A4 Antitrypsin (AqAT), o> 1na§roglobutin (X, M2,
antithrombin III CATIXIID, Cq4 inactivator (C4INAY,
intem&trypsin inhibitor ¢I X 1) andc{1 antichymotrypsin
((XTX) levels were measured both in the pooled plasma and
in the euglobutin fraction. The measurements were made
immunologicatly by a single radial immunodiffusicn
technigue using agar gel plates containing monospecific
antisera (M partigen plates - Behringwerke AG}(Mancini et
al 1965). Absolute values were calcultated from
calibration curves constructed by examining samples
containing known dilutions of Llyophilized protein standard

plasma. (Behringwerke AG).

Results.
The amocunts of each inhibitor present in the pooled
plasma and in the euglobulin fraction are shown in Table

5.
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TABLE 5.
K {AT o oM ATIII  C4INA 10‘;01 oK 1 X
mg% mg# Mg mg% mag% mg#
Pooled Plasma 290 228 33 31 54 13
200% Euglobulin
Fraction ' 0 0 0 17 51 13

Inhibitors present in plasma and in euglobulin

fraction.




Comment.

A euglobulin fraction prepared fronm poo[ed pLasma‘with
normal levels of inhibitors contained immeasurable amounts
ofo§1 antitrypsin,c{a macroglobulin and antithrombin I1I
but compared with the pooled plasma, 55% Cq inactivator,
94% dintero{ trypsin dinhibitor and 100%0&1 antichymotrypsin.
These results are similar to those recorded by Kluft
(1976 but the percentage of the inhibitors detected was
higher than he describéd (21% C4INA, 52% I I) because the

euglobulin fraction we examined was a 200% fractiong

238

whereas Kluft's was only a2 100% fraction. Ktuft has -

shown that the fibrinolytic activity of the euglobulin
fraction is inhibited by the presence of CqINA. The
contribution of the other fjnhibitors to the 9inhibition of
the fibrinoLyfic activity of the euglobulin fraction is

not known but IKI is known to be a weak antiplasmin.
DISCUSSION.

Nermally whole blood or plasma clots Llyse very
slowly., Euglobulin fractionation, by removing the bulk of
the inhibitors which suppress plasma fibrinotytic
activity, yields a fraction with considerable fibrinolytic
activity. The fractijonation process described here is
based on methodology developed some years ago {(Brakman et
al 1966).

The standard method used for the preparation of

euqubuLin fractions for the work reported 1in this thesis




is aui&ification to pH 5.9 of a ten fold dilution of
platelet poor plasma. Compared to other modifications of
- the euglobulin fré:tionation procedure, this method givés
fractﬁoné with tﬁe highest Fibrinobtytic activity as
measured on Tfibrin plates (Ktuft 1978). This method
produces fraction; relatively low in inhibitor content but
the inhibitors are not completely removed and they
influence the apparent fTibrinolytic activity of the
fraction. (£ » macroglobulin, o{1 antitrypsin, antithrombin
ITI ando{z antiplasmin are present in the euglobulin
fraction in trace amounis anly. Cq inactivator, inter
trypsin inhibitor and 9(1 antichymotrypsin precipitate
specifically but not quantitatively in the euglobulin
fraction,

There dis therefore probably no advantage to be gained
by attempting to concentrate the fibrinolytic activity of
the euglobulin fraction by resuspending it in a volume of
EDTA buffer less than the_starting plasma volume.

The plasminogen activators present in the euglcbulin
fraction are believed to be of both extrinsic (tissue ‘or
vascular activator) and +intrinsic (Hageman factor
dependent) origin (Kluft 1978). Not all the plasminogen
activator activity from plasma is precipitated in the
euglobulin fraction,

Since it was first described in 1947 (Permin 19477
the fibrin plate method has been widely used for measuring
fibrinolytijc activity. The fibrinolytic activity measured
on plasminogen rich fibrin plates is mainly due to

pltasminogen activator. By using a single batch of
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fibrinogen to prepare the fibrin plates, the amounts of
fibrinogen and plasminogen in the plates is standardised.
Although the fibrinolytically impoftant prﬁteiné
fibrinogen and plasminogen are partially precipitated in
the euglobulin fractions, varying levels of these proteins
in the euglobulin fraction do not significantly affect the
assay.

The venous occlusion test described is based on
obserQations made by Professor Nilsson'’s group working in
Malwo, Sweden. The effect of venous occ¢lusion on
fibrinolytic activity and its acceptability as a clinical

test will be discussed in Chapter VI,
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CHAPTER VI.

SOME OBSERVATIONS ON THE VENOUS OCCLUSION TEST.

INTRODUCTION.,

Good evidence exists to support the concept that an
activator of fibrinolysis is formed in the blood vessel
walls, 1in particular in the endothelium of the small
veinsa i1t 1is believed that this vascular activator of
fibrinolysis is released into the circulation and that its
presence accounts for the spontaneocous fTibrinolytic
activity normally demonstrah[e in the blood.

There is also evidence that a Low content of
fibrinolytic activator in the vessel wall or impaired
release of the activator into the blood stream predisposes
t0 thrombosis (Isacson and Nilsson 1971).

bPemonstration of an individuals agbility to release
plasminocgen activator from the vessel wall may therefore
be of c¢linical value. Spontaneous fibrinolytic activity
is Low and variations difficult to detect. Rclease of
fibrinolytic activator is enhanced by a number of
different stimulid inctuding the injection of pyrogens, the
injection of adrenaline, nicotinic acid or other

vasoactive agents and physical or emotional stress
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(Chapter IV). Physical exercise and the injection of
adrenaline or nicaotinic acid have been used clinically to
assess fibrinolytic response (Amery ét al 1965; Cash and
Allen 1967) but, in the clinical situation they have
limitations.

In 1960, Clarke et al demonstrated marked increases
in lLlocal fibrinolytic activity following venous ccclusion
of 2 Limb and since then this finding has been confirmed
by many other workers (Amery et al 1962; Holemans 1963;
Constantini et al 1969). It seems feasible that this
increased fibrinolytic activity 1n response to venous
occlusion would form tThe basis of a ctinically useful

test. Robertson {(1971) developed a standardised method of

measuring the "fibrinolytic capacity” using the response

to 20 minutes venous occlusion. Unfortunately venous
occlusion is painful when it is maintained for 20 minutes
and several workers have therefore used shorter ccclusion
times. {Amery et al 1962; latridis et at 1966; Walker et
al 1976). As shown by Eberg and Nitsson (1975), it is
possible to identify poor responders with 2 shortened
venous occlusion test but thése shortened tests are
probably less sensitive than full 20 minutes occlusion.
It is the purpose of this Chapter to report on a number of

aspects of the venous occlusion test as wused 1in this

thesis.
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CPATIENT ACCEPTABILITY OF THE VENOUS OCCLUSION TEST.

In the resting relaxed arm the captliiary and venous
systems are not filled to capacity. When the upper arm is
compressed at a pressure below systolic pressure the
inflowing arterial blood is at first accommodated in this
latent vascular space. As a result of the "buffering”
effect of this latent space the pressure in the Larger
veins rises only graduvally and may not surpass the
compression pressure for about 5 minutes. Only when this
stage is.reached will venous blood start to leave the
forearm a&again.

Increased venous and capillary pressure causes
increased ultrafiltration and decreased blood flow. Even
at compression pressures of 100 - 110 mm. mercury, Van
Leeuwen (1964) demonstrated some venous flow persisted.
He was able to show that decrecasing bleood flow duting the
compression levelled off after about 5 minutes but
immediately after decompression there was a sudden short
Lasting “overshoot" which was followed by a longer period
in which fhe blood flow was definitely lLower than pre-

occlusion.
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The circulatory changes caused by venous compression
produce pronounced effects on the appearances and
sensations of the compressed arm. The observations
recorded herc are partly personal, subjective comments but
are largely based on the comments of several hundred
individuaLs who have been subjected to venous compression
press?res of 100 - 120 mm. mercury.

puring the first few minutes of compression the
superficial wveins visibly distend and an 1increasing
cyanosis of the forearm develops. Often the skin develops
a peculiar mottled appearance - red blotches appearingJin
the overall cyanosis. After 2 — 3 minutes the sensation
of "tightness” under the occluding cuff is superseded by
definite discomfort often most marked along the utnar
border., This discomfort increases and 1is usually maximal
at about 5 - 7 minutes. It 1s often accompanied by
itching of the skin. After about 10 mjnutes, the cyanosis
does not appear to deepen further. About this time atso
sensations in the forearm gradually become dull and the
arm fTeels "dead'. No further dincrease in discomfort
ocecurs until after about 15 - 20 minutes occlusion when
paresis in the forearm begins to develop and on the two
.occasions on which we c¢ontinued compression for 25
minutes, paralysis was noted 9n the wrist and hand
muscles. (Similar observations were made by Van Leeuwen

1964). Immediately after sudden decompression the
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superficial veins collapse, the skin returns to normal and
for about 30 seconds the sensation in the forearm 1is hest
described as one of "relief". However, thereafter the
skin may blanch and the fingers become white and cold.
Subjectively this period, beginning about a minute after
decompression and Llasting 5 or 6 minutes, may be the most
unpleasant of the whole test. After only 5 minutes
compression, decompression produces Little distress but
after 15 minutes compression, release of the pressure
results in marked paraesthesia. After 25 minutes
occlusion, decompression is a singularly uncomfortable
experience resulting in extreme and painful paraesthesia.
Although the paralysis 1induced by the prolonged
compn*éssion ‘disagujeared about 2 minutes after
decompression, in one individual this was succeeded by
Trousseau’s sign, producing further distress.

A slight petechial rash is common after 15 minutes
occlusion but fortunately marked rashes are not frequent.
The tendency to develop purpura seems to be individual and
is moré common in females than males.

Venous thrombosis would appear to be a potential
danger of this test but many auvthors have used venous
occlusion tests of up to 20 minutes without reporting
complications and we have performed many hundreds of 15
minute venous compression tests without ever observing
signs of venous thrombosis.

Because of the dincreased +incidence of paresis
developing after about 20 minutes occlusion we decided

that compression to this extent was unjustifiable for
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clinic;L use in patients who are often already
discomforted hy serious vascular disease. We therefore
Limited our c¢ompression tests to a maximum of 15 minutes,
Considering thé sensations caused by even this period of
occlusion the method 1is remarkably well tolerated -
provided the patient is fully idnformed of the various
sensations he will encounter and i1s not Left alone during

the perjod of compression.

THE EFFECT OF VENOUS OCCLUSIGN ON THE FULL BLOOD

COUNT, PLASMA PROTEIN LEVELS AND FIBRINOLYTIC ACTIVITY.

In view of the amount of QEveLopmentaL work carried
out by alwuﬁber of authors on venous occlusion as a method
of assessing fibrinolytic 9t was decided to Llimit
investigation to the particular technigue used in our owuwn
studies, namely, venous occlusion of the upper timbs at a
pressure midway between diastolic and systolic and to
examine the effects of & short period of occlusion -~ 5
minutes - and of a loenger period of occlusion - 15

minutes.

The_Venous Occlusion_ Tesis.

Standardised 5 minute and 15 minute venous occlusion
tests were developed. The 15 minute venous occclusion test
is described in detail in Chapter V. The 5 minute venous
ceclusion test was performed in exactly the same manner

with the exception that venous compression was maintained
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for a period of 5 minutes instead of 15 minutes.

The subjects studied were all healthy males aged 30~
59 years. The ¢riteria used to select these "“controts"

are detailed in Chapter VII.

- e . T = e = v — e v = — oy Y

The mean values and standard deviations for each set

of results were calculated.

THE EFFECT OF LOCAL VENOUS OCCLUSION ON
RED CELL COUNT, HAEMATOCRIT, WHITE CELL COUNT

AND PLATELET COUNT.

Venous occlusion causes increased ultra-filtration
through the vessel walls, with the result that there is
increasing haemo~concentration depending on the
compression pressure and on the tength of time for which

pressure is applied.

Blood taken, both from the resting arm and from the
occluded arm was collected into Ethylenediamine tetra
acetic acid (EDTAY, 4 ml of blood being added to the dried

powder in a standard "full blood count™ tube (Staynes)a




The samples were carefully mixed and tested the same day.

The red cells (RBCs) and the white cells (WBCs) were
counted and the haematocrit calculated automatically using
a Coulter S full blood counter (Coulter Electronics Ltd).
Platelets were counted automaficaiLy using a foulter

thrombocounter {(Coulter Electronis Ltd).

Results.

v M e ok - —
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5 Minutes Venous Occlusion_Test.

Five minute venous ocﬁlusion tests were carried out
on a small number of healthy males. Each was tested on
two occasions 72 hours apart. Full blcod counts were not
recorded on the second test - only haematocrit values.
The mean levels af haematocrit, red cell count, white cell
count and platelet count resting, after 5 minutes
occlusion and the increment are shown in Table 6.
15_Minutes Venous_Occlusion_Tests.

Fifteen minute venous ccclusion tests were carried
out on healthy men aged 30~59 years. Whenever possible,
subjects were tested twice with an interval of one month

between Test 1 and Test 2., Platelet counts were carried

out only at Test 1. The mean full blood count and

platelet count results are shown in Table 7.
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TABLE 6.
No. of RESTING QCCLUDED INCREMENT
subjects X  SD x §D £Y $D
RBCx1072/L 32 4.9 0.07 5.5 0.14 0.57 0.24
HCT% 1 42 44.2 2.3 9.1 3.2 4.8 2.2
2 38 42.1 2.2 47.1 3.5 ha? 1.8
WBCx10%/L 32 5.98 1.7 5.65 1.6 -0.36  0.41
PCx109/1L 20 ' 194.5 52.8 167.6 S0 -25.7 24

The effect of 5 minutes venous ccclusion on red cell
count (RBC), haematocrit (HCT) white cell count (WBC)
and pLateLét count (PCY in healthy maltes. The

haematocrit is recorded for two separate tests (1
and 2).
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TABLE 7.

No. of RESTING OCCLUDED INCREMENT
subjects x  SD X SD X sbh
ReCx10712/L
1. . 95 5.0 .39 6.1 41 1.1 .28
2. 73 5.0 .32 6.1 .41 1.1 .25
HCT %
1. 95 45 .3 3.6 55.2 4,0 Q.9 2.6
2. 73 45,0 2.8 54.2 4.3 9.3 3.2
WBCx10%/L
1« Q5 6.55 1.6 6.78 1.6 B0.21 61
2. 73 &.14 1.8 6.27 1.8 . 0.14 48
Pex109/7L
1. 55 221 64 .2 207 60.3 ~14 49.2

The effect of 15 minutes venous occlusion on red cell
count (RBC) haematocrit (HCT), white cell count (WBCY

and platelet count (PC) carried out on two occasions
(1 and 2) in healthy males.




comment.

Haemoconcentration occurs Locally at the site of
venous acclusion, After 5 minutes compression the mean
RBC has risen by D.6 x 102!L Wwith an'increase in mean
haematocrit of 4.84. Predictably 15 minutes occlusion is
associated with even greater increases - the mean RBC
increasing by 1.1 x 1012/L and the mean haematocrit by 9.3
- 9.9% .

Interestingly the white cell count, unlike the red
cell count does not appear to change significantly duriny
venous acclusion either for 5 minutes or 15 minutes.
Other workers have noted‘this phehomenon and have used it
as evidence that Leukocytes are not Lost from the
circulation (Holzknecht et al 1969). However, when this
Lack of c¢change in the WBC count is compared with the
considerable increase in the RBC count then there 1is
evidence, if not of an absolute fall in the WBC count, at
Least of a relative 'féLL. It 9s not ﬁecessary to
postutafe that this relative fall 1is due to complete Loss
of the WBCs from within the circulation or to total
destruction of WBCs. White cells are effectively lost
from the circulation if.they are not in the main flow of
btood sampled. It js possible, that during venous
occlusion, WB{s are attracted towards the endothetiial
lining of the vessel either by chemotactic substances
Liberated from platelets adhering t¢ an area of damage or

by any one or number of a variety of chemotactic
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substances related to the complement, kallikrein and
fibrinolytic systems. Such WBCs adherent to the vessel
wall will not be sanpled and wiLkappearto_havebeen tost
from the blood. If this proﬁess does cccur then it is
concejvable that Llytic enzymes released from the adhering
WBCs may contribute to the overall 3increase 4in fibrin
lysing activity of post-occlusion blood samples.

The platelet counts Like the white cell counts showed
ne significant ¢hange during venous occlusion. This also
has been observed by other workers (Nilsson and Robertson
1968). As with the leukocytes, the failure of the
platelet count to rise in accordance Wwith the red cell
count indicates a relative decrease. There are at least
three possible explanations for this. Firstly, platelets
may lLeave the vessel altogether ~ Leaking through damaged
vessel walls. This hypothesis i1s borne out 4in certain
individuals who develop visible purpura. However, the
results of plasma protein assays (which will be discussed
Later) indicate that "lLeakage”" from the vessels of Large
molecules or particles is probably not usually
significant., Secondly, even if Large gaps in the vessel
wall are not common, endothelial damage due to pressure or
anoxia may result in platelets adhering te Lthe vessel
lining out of the stream sampled. Thirdly, Chamone and
Vermylen (1977) have shown that 20 minutes venous
occlusion results in the production of platelet aggregates
visible in the post-occlusion samples. The automatic
thrombocounter will either count an aggregate as a single

ptatelet or not count it all, thus underestimating the
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"actual plLtatelet count. Aggregating platelets release

lytic enzymes which Like those released from WBCs are

capable of Llysing fibrin. ' é

EFFECT OF LOCAL VENQCUS OCCLUSION ON

ALBUMIN, FIBRINOGEN AND PLASMINOGEN LEVELS.

Blood taken both from the resting arm and from the

occluded arm was collected into:

(a) Trisodium citrate - 9 ml. of blood were added
to 1 ml. of pre-chilled 31.3 g/L trisodium
citrate in a pelycarbonate tube and immediately

placed on melting ice.

(b} 6lass tubes - 5 ml. of blood were allowed to

clot in glass tubes.

PLateLetlpoor plasma was separated from the c¢itrated
samples as described in Chapter V. Fibrinogen and
plasminogen assays were performed on batches of samples
which had been stored for no more than 1 month, the frozen
aliquots being rapidly thawed by placing them 1in a water
bath at 37°C. Serum was separated from the blood clotted
in glass by spinning the clotted samples at 1,500 rpm - at
room temperature — for 5 minutes. Aliquots of 1.2 ml of

serum in plastic “serum®™ tubes were stored at -20°cC.
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Serum atbumin assays were done on these samples aftler

about 2 months storage.
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The plasma fibrinogen levels were measured by
clotting diluted c¢itrated plasma with ekcess thrombin
(Da&e fibrinogen determination kit) and wmeasuring the
clotting times with an automated mechanical clot timer.
(Fibrosystem T.M.) Absolute vatues of fTibrinogen were
calculated from a calibration curve prepared by examining
known dilutions (1:5; 5:15; 1:40) of a Fibrinoggn
Secondary Standard. (Dade Divisionl.

Ptasma plasminogen levels were assayed
immunologically by a radial immunodiffusion technigue
using agar gel plates containing lnonospeci‘fic
antiplasminogen antiserum (M Partigen plates =
Behringwerke A,.GD. Absolute values were calculated from
calibration curves constructed by examining samples
containing known dilutions of lLycphilized protein standard
pltasma (Behringwerke, A.G.).

Serum_Albuminz

Atbumin in the serum samples was measured
immunologically using goat antihuman—albumin serum in an
automated immunocprecipitin system (Technicon -~
Autocanalyzer). Nephelometry was used to measure the

foermation of antigen — antibody complexes and the results




presented on a strip chart recorder as a series of peaks
proportional to the concentration of albumin in the .test

SeruMa

Calculations.

Venous occlusion results in haem000ncentrétion.
Since a constant amount of citrate solution was added to
btood samples for plasma assays (1 ml. of citrate to 9
ml.of blood) the proportion of citrate was therefore
somewhat higher in samples collected at the end of the
occlusion pefiod than in the resting samples. This
results 1in an erroﬁeousLy Llow result in all the post-
occlusion plasma assays. To remove this erroyr and to make
~the results from all the volunteers comparable, regardless
of their haematocrit lLevels, each result, both resting and
post~occlusion, was corrected to give "“true'"” plasma values
(i.e. as if there was no citrate present at alt).

The correction applied was as follows,

"True” value = Observed vatue x 10 7 Het x 9
100
¢ = Het x 9

100

(where Hct = haematocrit).
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Results.

The mean Levels of serunm albumin‘and nlasma
fibrinogen restipg and after 5 minutes venous occlusion
are shown 1in Table 8. The mean albumin Level rose 0.4 g/l
and the mean fibrinogen 0.5 g/ during 5 minutes
ccclusion. After 1% minutes venous occlusion (Table 9)
the mean étbumin had risen about 1.9 g/L, mean fibrinogen

also about 1.9 yg/L and the plasminogen about 6 mg/100 ml.

Comment.

Although small amounts of protein may leak or be
catabolised, there is no evi&ence of significant Loss of
albumin, fibrinogen or plasmincgen during venous
occlusion,

Endothetial or wvascular plesminogen activator has a
molecular weight similar to that of albumin. Therefore,
albumin seemed to provide a fairly good standard by which
to assess whether or not the protein in which we were
primarily interested, namely plasminogen activator, was
Likely to Lleak significantly through the vessel walls
during occlusion. Allthough small amounts of albumin may
be Lost (Nilsson and Robertson 1968) we were unable to
show that the loss was signjificant.

As with albumin, there was no evidence that either
fibrinogen or plasminogen leaked through the vessel in

Large quantities nor was there evidence that Llarge
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quantities of fibrinogen or plasminogen were catabolised

or activated - altthough it is appreciated that relatavely
vast quantities would need to be affected to produce a
demonstrable fall in protein level during occlusion.

These observations on the effect of venous occlusion
on protein levels provide indirect evidence to support the
goncept that the relative falls in white cell tounts and
ptatelet counts, already commented on, are unlikely to be
completely explained by the Loss of these cells out of the

vessela

THE EFFECT OF LOCAL VENOUS OCCLUSICN ON

PLASMA FIBRINCLYTIC ACTIVITY.

Blood was collected from the resting arm and from the
occluded arm and platelet poor plasma prepared as

described in Chapter V.

Euglobulin fractions were prepared and tested on
plasminogen rich fibrin plates as described under the

heading of standard methods (Chapter V.)
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TABLE 8.
No. of RESTING OCCLUDED
Subjects x SD X SD :
ALBUMIN g/t 33 4.1 0.48 4.5 0.73
FIBRINOGEN g/t 33 2.6 0.48 3.1 D.53

The effect of 5 minutes venous occlusion on serum
albumin and plasma fibrinocgen lLevels is shown.
The fibrinogen levels are corrected to "true”
values and the means and standard deviations are

shown for both albumin and fibrinogen, resting and

post~occlusion.




TABLE 9.
No. of RESTING OCCLUDED
Subjects. ? ShH ;
ALBUMIN
g/l 23 3.9 0.47 5.8
FIBRINOGEN
a/t 33 2.4 0.42 3.3
PLASMINOGEN
ng % 33 15,2 1.40 21.3

sb

The effect of 15 minutes venous occlusion on serum

albumin and plasma {ibrinogen and plasminogen

Levels is shown. The fibrinogen and plasminogen

Levels are corrected to

"true™ values and the

means and Standard deviations are shown for

albumin, fibrinogen and plasminogen, resting and

pest-occlusion,
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Results.
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Five minute venous occlusion tests were carried out
on a number of healthy men.

Fach was tested on two occasions 72 hours apart. The
mean values of plasma fTibrinolytic activity resting, after
.5 minutes venous occiusijon and the increment are shown 1in
Table 10.
13_Minutes_Vepous_ QOcclusion Tests.

Fifteen minute venous occlusion tests were carried
out on a group of healthy males aged 30-59 years. Each
subject was tested twice with an interval_of one month
between Test 1 and Test 2. The mean values of plasma
fﬁbrinoL%tic activify resting, after 15 minutes venous

occlusion and the increment are shown in Table 10.

Comment.

Venous occlusion is associjated with a measurable
éncrease in Local plasma fibrinolytic activity and
therefore forms the basis of a useful test.

Because the venous occlusjon test is subjecijvely
unpleasant and the discomfort is to 2 large extent time-
related, a shortened form of the more usual 15~20 minute
test was invesiigated.

5 minute venous occlusion in healthy males deoes
result in an increase in plasma fibrinolytic activity but
the mean increment is relatively small and has a wide

standard deviation due to the wide range of responses
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TABLE
No. of RESTING
subjects mm Lysis
X SD
5 MIN.
TEST.
1. 51 11 .4 245
2. 519 1.7 2.3
15 MIN.
TEST.
1. 105 12.2 2.5
2. 78 12.0 2.3

The effect of S minutes and 15 minutes venous

10.

OCCLUDED
mm Lysis
X SD
15.5 5.5
15.7 4.8
23,2 6.5
23.0 6.7

INCREMENT
mm Llysis
% )
4.1 4.1
zI'uG ]
11.0 5.6
10.9 Sed

occlusion on plasma fibrinolytic activity in

healthy males.

The mean fibrinolytic activities

resting, after occlusion and the increment

{occluded~resting) are shown for each two test

points (1 and 2).

263




cbserveﬁ —~ the increment varying from zero to 14.5 mm at
test point 1 and from zero to 10.2 .mm at test point 2.
Fifteen‘minutes venous occlusion results in a much greater
increase in fibrinolytic activity with a relatively lower
standard dev%ation.

In spite of the discomfort, therefore it was decided
to use the fTifteen m{nute venous occlusijon test for all

further studies.

REPRODUCIBILITY OF THE 15 MINUTE VENQUS

OCCLUSION TEST.

Venous oceclusion tests may be subject to a gréat many
variab[és and it is extremely 1important that every aspect
of the test is meticulously standardised, The
standardised 15 minutes venous occlusion test used in fthis

study 1is described 9n detajl in Chapter V.

Jriagii-finrgn-dpee S0 AR P TS i VR Al Ru RS e il Jhe - S AR Jh=diie 4. g

BlLood was collected and plasma prepared as already
described in this Chapter.

Fuli blood counts were carried out automaticaily
using a Coulter § full blood counter (Coulter Electronics
Ltd), Fibrinolytic activity in plasma was measured as

already described wuwsing euglobulin fractions on

plasminogen rich fibrin plates {(Chapter V).
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‘Student's paired t test was used to examine the

paired samples collected (Chapter V).

A e e

The subjects studijed were all males in the age range

30-59 years. They belonged basically to two broad groups.

a) healthy male controls.

b) men with angiocgraphic evidence of C.H.D.

For details of the criteria used to select these
subjects Sée Chapters VII (controls) and VIII (C.H.D

patients.

Results
The results are shown for the mixed group of all
subjects (controls plus C.H.D. patients), controls alone
and C.H.D. patients alone. In each case the mean results,
resting and occltuded, are shown for Test 1 and Test 2.
Student's paired t test was carried out on paired results
(Test 1 V Test 2) and the r value shown along with their
corresponding t and P values.
EuiL“ELQQQ-EQQDE“EsﬁuLE§=
The resting and eccluded Levels of RBC, haematocrit

and WBC are reproducible (the levels found at Test 1 being

highly significantly related to the Levels found at Test




2} - see Tables 11 (RBC), 12 (haematocrit) and 13 (WBC).
This was:true for the mixed population and for. the
séparate groups of controis and C.H.D. patients,
The resting and occluded Llevels of plaswa
fibrinolytic activity are reproducibte éthe levels found
at Test 1 being highly significantly related to the levels

recorded at Test 2) ~ see Table 14.

Comment.

Many variables may influence the venous ccclusion
test. Great care has been taken to develop a standardised
15 minute venous occlusion test (see Chapter V). When
applied with meticulous care it can be demonstrated that

this test is highly reproducible.

THE DEVELOPMENT OF PLASMA FIBRINOLYTIC

ACTIVITY DURING VENOUS OCCLUSION.

As has been shown already, there is a considerable
degree of difference between the increase in fTibrinolytic
activity produced by 5 minutes venous occlusion and the
increase produced by 15 minutes occlusion.

In a small group of healthy individuals, serial
samples of blood were collected during venous occlusion
after 5 minutes, 10 minutes and 15 minutes and the

fibrinolytic activity measured.
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TABLE 11
TEST 1 TEST 2
RBCx10T2/L X sp S sp n r t P
ALL
SUBJECTS:
Resting 5.00 .37  4.97 .37 163 .727 13.44 <.0005

Occluded 6.04 .43  6.03 .42 151 .651 10.46 <.0005

CONTROLS;

Resting 5.01 .37 4.96 .33 72 715 8.56 <.0005
Cccluded 6.06 .41  6.07 .41 73 .719  8.71 <.0005
CHD

FATIENTS:

Resting 4.99 .37 4.97 .39 91 743 10.47 <.0005
Cecluded  6.02 .44  5.99 .44 78 594  6.43 <.0005

The mean RBC values (RBC x 1012IL) recorded
resting and after 15 minutes venous occlusion in a
mixed population of controls and men with CHD.
Each subject was tested twice and the correlation

coefficient r (Test 1 V Test 2> is shown along

with its t and P value.
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TABLE 12.
TEST 1 TEST 2
HET % X sD % SD n r t P
ALL
SUBJECTS:
Resting 45.5 3.2 45.5 3.1 163 .674& 11.57 <.000D5

Occluded 54.9 3.6 54.9 4.4 1571 495 6.95 <.00D5

CONTROLS:
Resting 45.3 3.4  45.0 2.8 73 .663 7.47 <,0005
o0ccluded 54.8 4.0 54.2 4.3 7?2 .583  6.00 <,0005
CHD

PATIENTS:

Resting 45.7 3.0 46.0 3.2 9D .694 9.04 <.0005
occluded 55.0 3.3  55.4 4.3 79 405  3.89 <.0005

The mean haematocfit (HCT %) values recorded
resting and after 15 minutes venous occclusion in a
mixed population of controls and men with CHD.
Each subject was tested twice and fthe correlation

coefficient r (Test 1 V Test 2) is shown along

with its t and P value.
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TABLE 13,
Test 1 Test 2
WBEx10%/L  x $D ¥ SD A r t P
ALL ;
SUBJECTS: :
Resting 6.79 1.67 6.71 1.86 162 761 14.81 <.0005

0ccluded 6.91 1.75 6.92 2.23 15% .716 12.50 <.0005

CONTROLS:
- Resting 6.5 1.59 6.15 1.79 72 .683 7.76 .<.0005

occluded 6.64 1.53 6.29 1.78 73 .75 7.71 <.0005
CHD
PATIENTS:

Resting 7.06 1.69 7.16 1.81 90 .805 9.27 <.0005
oOccluded 7.17 1.90 7.50 2.46 78 .728 9.27 <.0005

The mean WBC values (WBC x 10?/L) recorded resting
and after 15 minutes venous occlusion in a mixed
population of controls and men with CHD. Each
subject was tested twice and the correlation

coefficient r (Test 1 V Test 2} is shown along

with its t and P value.




Lysis—mm
ALL
SUBJECTS:
Resting
Oceluded

Increment

CONTROLS:
Resting
Gccluded

Increment

CHD
PATIENTS:
Resting

Occluded

Increment
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TABLE 14.
. TEST 1 TEST 2

X D X b n ro t P

11.6 2.5 11.6 2.2 174 .50%1 7.60 <.0005
23.2 7.4 23.6 6.8 162 .5803 9.02 <.0DD5
11.5 6.3 11.8 5.9 161 .529  7.87 <.0D05

12.2 2.4 12.0 2.3 77 W.616 6.77 <.0005

22.9 6.3  22.9 6.7 78 .619 6.86 <.0005
10.6 5.3 10.8 5.5 77 520 5.27 <.0005
11.2 2.5 11.3 2.0 97 .376  3.95 <.D005
23.6 8.3 24.2 6.9 g4 .559  6.10 <.DDOS

i2.3 7.0 12.7 6.1 84  .521 5.53 <,0005

The mean diameter of lysis (mm) recorded
resting, after 15 minutes venous occlusion
and the increment (occluded~resting) in a
mixed population of controls and men with
CHD. Each subject was tested twice and the
correlation coefficient r (Test 1 V Test 22
is shown along with its t and P value.




Test _Progcedure.

Each subject was fasted from 9pm on the evening prior
to testing. They Wwere admitted to a hospital ward at
8.30am on the morning of testing and rested supine on a
bed for 20-30 minutes (see Chapter V).

An indwelling 21 SW6 "buitterfly" necedle was
introduced into a vein 1in each antecubital fossa., MWithout
the use of & tourniguet, resting blood samples were
collected from each arm. Thereafter, a sphygmomanometer
cuff was applied to each upper arm and inflated to a
pressure midway between systolic and diastolic. Stop
watches were started and the cuffs were kept carefully
inflated to the mid;pressuré.

From the lLeft arm, serial samples of venous blood
were collected after 5 minutes, 10 minutes and 15 minutes
occlusion,

From the right arm a single sample was collected
after 15 minutes occlusion.

To keep the iﬁdueLLing neecdles patent, after each
sémpLe had been collected, normal saline was injected to

fill the needle and tonnecting tube.

At each sample point, resting and occcluded, andfor
each arm, 9 ml venous blood was collected into 1 ml of
prechilled 31T.3 g/l trisodium citrate. Platelet poor

plasma was prepared from the citrated sample as described
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TABLE 15.

RIGHT ARM LEFT ARM
Subject Diameter of Lysis -~ mm.
number Resting 15 min. Resting 5 min. 10 min 15 min
1 13.3 19.6 13.5 15,7 16.5 18.5
2 14.1 26 .4 14.3 15.2 18.4 24.7
3 117 19.5 11.6 13,3 14.5 18.3
4 12.4 25.8 12.8 16.1 179 24.9
% 12.9 22.8 13.1 15.1 16.8 21.8

Fibrinolytic activity (diameter of lysis - mm)
measured resting and after venous occlusion of
each arm in four female volunteers. The Lleft arm
of each subject was sampled at 5 minute intervals

up to 15 minutes and the right arm once only - at

15 minutes.




in Chap%er V.

Ethical permission was sought and granted for this
ﬁtudy by the Greateé Glasgow Healtﬁ Boardg, Eastern
District Ethical Committee.

Plasma fibrinolytic activity was measured as already
described using éugtobutin fractions on plasminogen rich

| fibrin plates (Chapter ).

Four healthy female volunteers aged between 25 and 35

years were examined. They had no known medical problems’

and were taking no drugs. They were all non—-smokers and
all had normal blood pressure and fastding plasma lipid and
glucose lLevels. They Wwere not pregnant, were not using
the contraceptive 'pill' and were tested at a standard

point in their menstrual cycles (between days 21-28).

Results,
The fibrinolytic activity detected in each sample of
platelet poor plazsma prepared from each of the four

subjects tested is shown in Table 15.

Comment.

= el = -

¢
Robertson et al (1972) examined serial blood samples
collected at 5 minute intervals during venous occclusion

from 18 volunteers and reported that the samples showed a
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linear ;ncrease in fibrinolytic activity up to 25 minutes.
The results from the very small number (4) of votunteers
reported here also demonstrate that fibrinolytic activity
continues to increase Wwith venous oc¢clusion ~ at Léast up
to 15 minutes. In these four subjects, the fibrinolytise
activity developed after 15 minutes venous occlusion was
Less in tHe serjally sampled left arm than in the right
arm. It could be suggested that the development of
fibrinolytic act{vity with venous occlusion is not related
to time alone but alsc depends on the many factors which
determine the effect of a standardised external
compression on the venous circulation. As already
mentioned in this Chapter the changes in venous blood flow
caused by compression probably do not begin to "level off"
for at least 5 minutes.

Serial sampling jtself, however, may have influenced
the development of fibrinolytic activity observed in this
experiment. It was spontaneously reported by all of the
volunteers, that the discomfort in the serially sampled
left arm was very much less than in the right arm.
Withdrawal of each of the serial samples produced great
relief tocally in the Left arm. Although the observed
external compression pressure remained unaltered by

sampling, obviously the actual pressure inside the vein

must have changed with sampling.
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DISCUSSION.

Spontaneous resting levels of fibrinolytic activator
in the plasma are often low and their measurement may

yield conflicting results which do not readily permit

inter-individual comparisons. The rapid rate of increase

in the plasma plasminogen activator Levels in response fo

physjological stimuli suggests that the actijvator is
released from & store. Fibrin autography studies have
demonstrated that this store is, at least in part, lLocated
in the endothelial cells of the small veins, Isacson
(1971) and it is postulated that this store has an
important role in the defence against thromboasis. The
release of plasminogen activator in response %o
stimulaticen allows a more dynamic assessment of the
fibrinolytic system than. measurement of spontaneous
resting activator levels and provides an index of the
endothelial {fibrinolytic reserve.

Measurement of the Local response to venous occlusion
of the limbs is a sensitive, simple and clinically
appticable method of estimating 'fibrinolytic capacity'.

According to Robertson et al (1972), the fibrinolytic
response to venous occlusion increases uplto 25 minutes.
We were able to demonstrate that fibrinolytic activity
continues to increase at least up to 15 minutes venous
occlusien. Venous occlusion is however painful and we

felt it unreasonable to expect ilk patients to accept




Pepeated prolonged wvenous occlusion tests.

When the period of time of ccclusion is reduced a
Less than maximal response occurs. Walker et al (1976)
have suggested that 2 5 minute venous occlusion test of
fibrinolytic potential may be c¢linically useful.
Certainly this tegt may identify non-responders but it is
relatively imsensitive and prdbably therefore of L(imited
use in jdentifying Less profound defects.

Interestingly the increases noted in red cell count
and haematocrit with venous occlusicon are noi reflected by
similar increases in white cell count or platetet count.
Since there is no evidence that venous occlusion for up to
15 minutes causes the veins to hecome "lLeaky" it has to be
postulated that: the apparent relative lLoss of white cells
and platelets is due to other mechanisms. White ¢cells may
marginate during venous occlusien or becoﬁe attracted to
the endothelial Llining of the vessel. Platelets also may
adhere to the endothelium or may form microaggregates.

In spite of the many variables which may influence
the venous oc¢lusion test the carefully stendardised 15
minute venous occlusion test used in the studies reported

in this thesis, has been shown to be highly reproducible.
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CHAPTER VII.

FIBRINOLYTIC- ACTIVITY AND C,H.D., "RISK FACTORS"
-AN EXAMINATION OF POSSIBLE RELATIONSHIPS IN

HEALTHY CONTROLS.

INTRODUCTION.

In any study of relationships between fibrinolytic
activity (F.A.) and disease, it 1s ¢ritically important to
examine the possibility of common associations existing
between fibrinolytic activity, the disease process and
some other factor or factors., In the specific instance of
FuA. and coronary heart disease (C.H.DP.) it is important
that associations hetween fibrinolytic activity and C.H.D.
"risk factors'" be sought.

The term C.H.D. "risk factor" +dis widely used to
describe chéracterﬁstics found in groups of healthy
individuals which are related to a subsequent jncreased
risk of C.H.D. Studies have shown that increasing age and
male sex are the two most important non-modifiable "risk
factors", As far as modifiable "risk factors" are
concerned, the three most important would appear to be
hypertension, btood Lipids and c¢igarette smoking ~ for
review see Chapter 1I1I.

Various workers have already suggested that reduced
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Levets of fibrinolytic activity may be associated with
some of these C.H.D. "risk factors"” (Sweet et al 1966,
Meade and North 19??; Meade et a2l 1977a, 1977b, 1979,) and
it is the purpose of this chapter fo examine in same
detail, the possibility that relationships exist between

various aspects of fibrinolysis and C.H.D. "risk factors”,
MATERIALS AND METHODS.

Elinical Material.

For the purposes of examining the possibility that
relationships may exist between the Llevel of plasma
fibrinolytic activity and various coronary heart disease
"risk factors", a group of 105 males who had no clinical
evidence of coronary heart disease wWwas examined. For the
purpose of this thesis these men were designated controls.
These controls were drawn from two categories.
Male_Volunteers:

Fifty-three healthy male ﬁoLunteers aged hetween 30
and 59 years were recruited from the hospital Laboratory
staff and from the staff of a nearby factory. The nature
and the purpose of the study were fTully explained to
groups of potential volunteers. Yolunteers had to be, to
the best of their knowledge, healthy and to be on no
medication within two weeks preceding examination.
Particular care was taken to exclude subjects with

diabetes mellitus, known or suspected malignancy, a past

history of thrombosis or any history suggestive of
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vascutaf disease either peripheral or coronary arterial.

Because it was felt thatlnone.uf the available non—
invasive technigues of cardiac assessment quLd
irrefutably demonstrate either normality of the coronafy
arteries or, ctonversely, the presence of C.H.D., it was
considered unethgcal to subject these men, who had no
reason to doubt the health of their coronary vessels, to
any form of medical examination {(e.g., eLectrocardiogram5
which may' have 1implied to +them that specialist
cardiological tests were carried out.

The evidence of coronary artery health in these men
was therefore based on a careful and detailed medical
history and on c¢linical examination. Predictably, the age
distribution in these volunteers was skewed by the much

greater number of

young men who believed themselves
healthy than of men in their forties and fifties.

Normal_Coronary Angiogram_Subiects

Even with the most careful selection criteria, there
is always a small percentage of patients subjected to
coronary artery angiography who are found to have no
evidence of occlusive coronary arterial disease. Over the
3 year period for which this study ran, 52 men aged
between 30 and 59 years, who were found to have
angjographic evidence of normal coronary arterjes, were
considered suitable for inclusion in the study and
willingly gave their informed consent to participate.

(For details of angiography procedure see Chapter

VIIID).
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Patients with diabetes mellitus, peripheral vascutar
disease or a history of neoplasm were excluded.

Smokers _and Non-Smokers.

In some instances, for the purposes of analysis, the
group has been subdivided into smokers and non~-smokers,
The term smoker refeprs only to fhe individuatl®™s cigarette
habit at the time of study - an individual being
classified as a smoker if he regularly smoked cigarettes -
no matter how few - at the time of study. Non-smokers
included life~long non~smokers and ex—-smokers who had not
smoked for at least six months prior to examination.
Subjects who were not currently smoking but who had smoked
cigarettes Wwithin the preceding 6 months were excluded.
Similarly pipe—-smokers were excluded from the study.

Again, 1in some ‘instances for the purposes of
analysis, the group.was subdivided into those who where
deemed to have a normal plasma Llipid profile and those who
were deemed to have an abnormal plasma Llipid ﬁrofite.
This classification was made on the basis of the normal
age related plasma triglycerijde and cholesterol Levels
published by Frederickson et al in 1967 (Table 18). None
of the male volunteers had any Lipid abnormality which had
required investigation., The enly Llipid abnormality found
in this group was (in five individuals) elevated levels of
very Llow density Llipoprotein (VLPL). In the group of
controls with negative angiograms there was a greater

scatter of plasma Lipid Llevels - elevated levels of

283




AGE

years

30 - 39
40 =~ 49
50 - 59

TABLE 16.

TRIGLYCERIDE
mmot/L

Lipoprotein Limits. Table
Fredrickson et al (1967).

TOTAL CHOLESTEROL

mmob/L
3.9 - ?-1
4.1 = 7.4
b4 - 8.0

modified fram
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TABLE 17.

30-39 yrs, 40~49 yrs. 50-59 yrs.

VOLUNTEERS:

Normal Lipid

- non-smokers: 23 7 6
- smokers: 6

Abnormal Llipid
= non~smokers: 1 1 1]

- smokers: 1 1 1

NORMAL ANGIOGRAM:
Normal lipid'
- hon—-smokers: 2 6

- smokers: 3 15 2

Abnormal Lipid
- non—-smokers: 2 ? 1

- smokers: 1 @ 2

Composition of control group showing the

numbers of men in each subgroup.




;rigtycéride and VLPL being more common in this group (17
men} than 1in the volunteers. Twuo also had elevated
cholesterol Levéls for the{r age. None of these men
however were thought to have severe abnormality requiring
further inves1yigatior: or drug treatment. The
classification "abnormal Lipids" therefore refers to a
subgroup of men found to have elevated LeQels of plasma
lipid for their age or abnormality on electropheoresis, but
does not include any individual with severe abnérmality
requiring investigation or drug treatment.

Table 17 shows the composition of the control groug
with the numbers recruited in each subgroup decade by

. decade.

_—— - -y —— e i -

_— e h— —— e i el A - - -

Using a fTibrin plate method, plasma fTibrinolytic
activity was measured in euglobulin fractions prepared
from plasma collected from resting subjects and after
fifteen minutes venous occlusion, For details of sample
collection and preparation, the venous.occlusion test,
preparation of the euglobulin fraction, the fibrin plate
assay method and statistical methods see Chapter V.

On two separate occasions at Least one month apart,
fasting blood Lipid Llevels were measured. Prior to
testing, the subjects were fasted for twelve hours. Each
test was carrid out at 9 am with the subjects resting

supine for at teast 30 minutes prior to taking the venous
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blood Qamples. On each occasion, 10 ml of venous bltood
were mixed with dried sequestrene powder (ethylenediamine
tetraacetic acid) in a standard tube.

These samples were immediately dispatched to the
Biochemistry Department, Glasgow Royal Infirmary, where
plasma was separéted to measure total plasma cholesterol
and plasma triglycerides using the methods in routine use.

Total plasma cholesterol was measured using the
method described by Annan and Isherwood (1967} and
triglycerides were measured using a fluorometric gssay
(Kessler and Lederer 1965, Carlson 1973). Paper
electrophoretic determinations were also carried out con

each sample,

Ethical Permission.

Ethjcal permission was sought and granted, for this
study, by the Greater Glasgow Health Boards Eastern

District Ethical Committee.

— e -

To facilitate reading, the tables of results in this

chapter have been collected together in groups and appear

at the end of esach relevant section of text.

287




AGE AND FIBRINOLYTIC ACTIVITY.

The relationship between age and fibrinofytic
actijvity was exapined in one hundred and five men aged
between 30 and $9 years who had no clinical evidence of
coronary heért disease.

These healthy controls were divided into groups
decade by decade; (30~-39 years, 40-49 years and 50-59
years), according to their age at the Llast birthday
preceding first entry to the study.

Seventy nine of these controls were re-examined oane
to six months after their initial test. The distribution

of controls in each decade subgroup is shown in Table 17.

Results,

The relatijonship between age and fibrinolytic
activity in men with no clinical evidence of coronary
heart disease and in the age range of 30~59 years is shown
in Table 18.

The 30-39 vear olds were found to have significantly
greater mean resting fibrinolytic activity than those 1in
the decade 40-49 years. The 50-59 year olds also had
greater mean resting fibrinolytic activity than their 40-
49 year old counterparts, but this was statistdically
significant only at Test 2.

After 15 minutes venous occlusion, wmean plasma

fibrinolytic activity was greater din the 30-39 year olds
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and in the 50-~59 year otds than in the 40-49 year olds
but, with the exception of the difference between the 40-
49 year olds and the 50~59 year olds at Test 1, these
differences were not statistically significant. No
significant differences were npoted imp the mean
fibrinolytic dincrement between the successive decade
groups.

The centrol group was subdijvided into smokers and
non-smokers and into those with a normal plasma Llipid
profile and these with an abnormal plasma Lipid profile.

The results of the fibrinolytic tests carried out on
the non-smoking, normal Lipid controls are shown in Table
19. As in the whole control group, the non—-smoking normal
Lipid 30~39 year old controls had significantly greater
mean resting fibrinolytic activity than the correspondng
40~49 year olds. No other significant differences were
found in mean plasma fibrinolytic activity between
successive decade subgroups in the non-smoking nermal
Lipid controls, resting, post-oacclusion or 1in the
increment,

in those controls who had-a normal plasma Llipid
profile and were cigarcette smokers, (Table 20) the mean
resting fibrinolytic activity was greater in the 50-59
year olds than in 40-49 year obtds but this was
statistically significant only in those controls tested at
Test 2. Although amongst those controls who had normal
Lipids and who were cigareite smokers, the general trends
suggested an increasing response to venous occlusion with

increasing age, this was not statistically significant
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(Table 2.
The numbers of controls smoking or non-smoking with
abnormat Llipid profiles were too small to allow

examination decade by decade.

Comment.

Increasing age is probably the most powerful
predictor of C.H.b. A number of c¢hanges 1in the
fibrinolytic system have been reported in relation te age.

In general, plasminogen activaltor Levels have been
reported as being unaffected by age, {(Sawyer et al 1960,
FearnLey'et al 1963, Hamilton et al 1974), however some
workers have described increasing clot Llysis activity with
age (Hume 1961, Swan 1963) and have suggested that this
may reflect increasing plasminogen activator Llevels.
Meade et al (1977b) however, reported that in men,
fibrinolytic activity decreases significantly with age -
most of the fall occurring at a steady rate before the age
of‘45 years,

In the group of healthy men examined in the study
reported here, mean resfing fibrinolytic activity was
shown to be greater in young men in their thirties than in
men a decade older. This finding held true for the group
as a whole and for the subgroup of non-smokers with normat
Lipidss The statistical significance of the fall from the
level recorded in the thirty year olds to that recorded in

the forty year olds was Lost in the subgroup of cigarette

smokers with normal Lipids.
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In the whole group, plasma fibrinolytic activity
appeared to increase again in the 30-59 year olds compared
Wwith the 40-49 year Qtds. This increase Haslhowever not
reproducibly significant and may have, at Least in part,
been due to the fact that Lipid abnormality was relatively
more common in the &40 year olds than in the 50 year olds
{Table 17). No significant difference in fibrinolytic
activity between the 40-49 year olds and the 50-59 year
olds was observed when the non-smoking, normal Lipid
controls were studied scparately.

No statistically significant relationship between age
and fibrinolytic activity post occlusion was found.

Quyr findings are therefore in broad agreement with
the epidemiological data published by Meade et al (1977b)
- resting fibrinolyti¢ activity in our group decreased

from the thirtjes to the forties but seems to Level off

thereafter.
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TABLE 18.
TEST 1. TEST 2.
Age-Years 30~-39 40~-49 50-59 30-39 40-49 50-59
RESTING: X 2.7 11.6 12.5% 12 .4 11.1 1245
F.A. n 39 42 24 35 25 18
SD 2.6 2.4 2.6 2.3 1.5 2.8
p <.025 NS <.01 <,025
OCCLURPED : X 23.0 22.2 25.2 23.0 22.0 244
F.A. n 39 4?2 24 35 26 18
SD 5.9 7.2 5.9 6.4 6.8 7.2
P NS <.05 NS NS
INCREMENT: X 10.3 10.6 12.7 10.6 10.5 11.9
F.A. on 29 42 24 35 25 18
SD 5-0 6-‘!1‘ 4.9 /1‘-9 6-2 5.5
P NS <.05% NS NS

The retationship between age and fibrinolytic
activity (F.A), resting, after 15 minutes
venous occlusion and the increment (occluded-
resting? in all 'controls!. The mean
diameter of Llysis (mm) 4is shown for each
decade at Test 1 and at Test 2 along with the
P values for comparisons of the means for

successjve decades.
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TABLE 19.
TEST 1. ' TEST 2
AGE-YRS: 30~39 40-49 50-59 30~39 40-49 50-59
REST. X 13,2 11.46  12.3 13 .1 11 .1 1.6
F.A. n 25 13 12 23 9 8
gD 2.5 2.1 2.5 2.1 1.9 3.3
p <.025 NS <.0125 NS
occL. % 24.9 23.2 25.1 24,7 24.0  24.2
F.A. n 25 13 12 23 10 3
SD 5.4 6.5 4.9 5.8 L7 6.1
P NS NS . NS NS
iNCR. X 11.8 11.8 12.8 11.6 12.1 12.5
F.A. n 25 13 12 23 9 8
SD 5.0 6.2 4.6 4.5 4.6 3.4
p NS NS NS NS

i

The relationship hetween age and fibrinolytic
activity (F.A), resting, after 15 minutes venous
occlusion and the increment (occluded - resting)
in noncsmoking,_normal Llipid controls. The mean
diameter of Lysis (mm) is shown for each decade at
Test 1 and at Test 2 atong with the P vatues for

comparisons of the means for successive decades.

A
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AGE-Y

REST.
F.A.

0CCL.
F.A.

INCR.
F.A.

TABLE 20.
TEST 1. TEST 2.
RS: 30-39 40-49 50-59 30-39 40D-49 50-59
X 12.5 12.1 12.8 11.8 11.0 14.0
n 9 16 8 8 3 6
$D 3.0 3.2 3.3 2.7 1.0 2.3
NS NS NS <.005
X 21.1 23.5 26.1 22.1 22.1 26.6
n 9 16 8 8 g &
SD 5.7 7.9 7.3 6.8 7.2 7.0
P ' NS - NS NS NS
X 8.6 11 .4 13.3 10.3  11.0 12.6
n 9 16 8 8 8
SD 4.5 6.2 5.2 5.4 6.5 5.0
P NS NS NS NS

The relationship between age and fibrinolytic

activity (F.A) resting and after 15 minutes venous

occlusion and the increment (occluded-resting) 1in

diameter of Lysis (mm) is shown for each decade at

Test 1 and at Test 2 along with the P values for

comparisons of the means for successive decades.
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"CIGARETTE SMOKING AND FIBRINCLYTIC ACTIVITY.

PlLasma fTibrinolytic activity, resting and after
fifteen minutes venous occlusion, was measured and the
increment calculated in 57 non-smoking males aged 30-59
years with no cltinical evédence of coronary heart disease
and the results compared with the results of the same
tests carrjed out in 48 healthy males aged 30-59 years uWho
were cigarette smokers. Forty four of the non~smokers and
34 of the smokers were re—tested one to six months after

ineir initial fibrinolytic assessment.

Results

Although wWwithin the whole group of controls the
cigarette smokers always had very slightly lower mean
levels of fibrinolytic activity than the non-smokers
(Table 21); no statistically significant differences were
found.

The groups of controls - smokers and non-smokers -
were subdivided into those who had a normal plasma Lipid
prafile and those who had evidence of a plasma Lipid
abnormality.

In those men who had a normal plasma Lipid profile
and who had no clinjcal evidence of coronary heart
disease, mean plasma fibrinolytic activity at rest and

atter 15 minutes venous occlusion did not differ




a

significantly between non-smokers and cigarette smokers
(Table 22).

| The ﬁormal Lipid controls were examined decade by
decade (Table 23). No significant differences were found
in any decade subgroup between smokers and non smokers,
when mean resting levels of Tibrinolytic activity were
compared. However, in the 30-39 year old subgroup,
cigarette smokers appeared to respond to venous occlusion
with less of an increase in fibrinolytic activity than did
the non-smokers (Table 23). This Latter observation was
statistically sjgnificant only at the P <0.05 level and
only at Test 1.

The numbers of malte controls with abnormal plasusa
tipid.profiLes were small (Table 24). 1In contrast to the
findings 1in the control group as a whole and in the
controls with normal plasma Llipids, in the subgroup of
controls with abnormal plasma Lipid profiles, the
cigarette smokers tended to have higher mean tLevels of
fibrinolytic activity at rest and after venous ocrclusien
than did the non—sﬁokers. This finding could not be
confirmed, as insufficient numbers attended at test point

2‘

Comment.
The incidence of C.H.D. is higher 1n smokers than in
non—-smokers, gpinions differ on the effect of cigarette
smoking on plasma fibrinolytic activity. Pozner and

Billimoria (1970) reported that the euglobulin lysis time
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was shortened in heavy smokers. Other workers however
have found that spontaneous plasma fibrinolytic activity
is Lower in smokers than in non-smokers (Daldefup et al
1970, Meade et al 1977b)., Smoking several cigarettes
immediately prior to bLood sampling is associated with
increased fibrinolytic activity due probably to the effect
of nicatine on the release of vascuLar activator (Janzon
and Nilsson 1975. It is dimportant therefore that smokers
abstain from cigarette smoking for at Lleast 12 hours prior
to blood testing.

In the study reported here, no consistentiy
significant differences were found between the smokers and
the non-smokers, Where differences 1in Ffibrinolytic
activity were observed they were usually not significant
or, if significant at one test point, failed to reach
statistical significance on repeating the test.

This finding dis in keeping with the findings of
Janzon and Nilsson (1975 who compared fibrinolytic
activity {(both spontanecous and after venous occlusion) 1in

groups of randomly selected male smokers and non-smokers

and found no differences between the groups.




FIA'
Lysis=mm
TEST 1
Resting
Occluded

Increment
TEST 2

Resting

. Q¢cluded

Increment

TABLE

NON SMOKERS.

X

12.2
23.9
11.7

12.1
23.5
11.2

n

57
57
57

L
45
L

SD

2.4
5.9
5.4

2ah
5.9
4.6

21.

SMOKERS. |
X n SD t

12.1 48 2.6 0.18
22.3 48 7.1 1.25
10.2 48 5.8  1.365

11.8 34 2.1 0.57
22.2 34 7.6 0.872
10.4 - 34 6.4 0.684

Mean plasma fibrinolytic activity (diameter of

Lysis—-mm) resting,

after 15 minutes venous

occlusion and the increment (occluded-resting) at

non—-smokers compared with smokers showing t and P

values for comparison of the mecans at

corresponding test points.

NS
NS
NS

NS
NS
NS
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TABLE 22.

FoA. NON SMOKERS. SMOKERS.

‘Lysis—mm X n $D X n SD t
TEST 1

Resting 12.2 57 2.4 12.1 48 2.6 0.18
Occluded 23.9 57 5.9  22.3 48 7.1 1.25
Increment 11.7 57 5.4 10.2 48 5.8  1.365
TEST 2

Resting 12.1 LA 2k 11.8 34 241 0.57
Dccluded 23.5 45 5.9 22,2 34 7.6 0.872

Increment 11.2 4t 4.6 10.4 34 6.4  0.684

Mean plasma fibrinolytic activity (diameter of
lLysis-mm) resting, after 15 wminutes venous
occlusion and the ‘dncrement {occluded-resting) at

two test points (1 and 2) in the _controls with

A e s A e e G Am me e W e

showing t and P values for comparison of the

means at corresponding test points.

NS
NS
NS

NS
NS
NS
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TABLE 23.

F.A. NON SMOKERS. SMOKERS.

% n SD X n SD t P
30-39 yrs.
Rest (1) 13,2 25 2.5 12.5 9 3.0 D.654 NS
0cc. (1) 24.9 25 5.4 21.1 9 5.7  1.823 <0.05
Rest (2) 13.1 23 2.1 11.8 8 2.7  1.419 NS
Occ. (2) 24.7 23 5.8 22,1 & 6.8 1.069 NS
40=49 yrs. . :
Rest (1) 1.4 13 2.1 12.1 16 3.2  0.711 NS
0ce. (1) 23.2 13 6.5 23.5 16 7.9 0.093 NS
Rest (2) 1.1 9 1.9 11.0 8 1.0 0.068 NS
Occ. €2) 24.0 10 4.7 22.% 8 7.2 0.681 NS
50-59 yrs.
Rest (1) 2.2 12 2.5 12.8 8 3.3 0.420 NS
0Occ. (1) 25.1 12 4.9 26.1 8 7.3 D.386 NS
Rest (2) 11.6 8 3.3 14.0 6 . 1,490 NS
Occ. (2) 24.2 8 6.1 26,6 6 7.0 0.699 NS

Mean plasma fibrinolytic activity (diameter of
lysis~mm) resting (rest) and after 15 minutes
venous occlusjon (occ) at two test points 1 and 2,
decade by decade, comparing smokers with non-
smokers showing t and P values for comparison of

the means at corresponding test points.




TABLE 24,
FuA. NON SMOKERS. SMOKERS.
Lysis=—mm X . n Ssp X n SD t P
TEST 1.
Resting 10.5 7 0.70  11.6 15 1.5 1.929 <0.05
occluded 19.4 7 6.7  19.8 15 6.2  0.127 NS
Increment 9.0 7 6.7 8.2 15 5.6 0.276 NS

Mean plasma fibrinolytic activity (diameter of
Lysis=mm) resting, after 15 minutes venous

occlusicon and the increment in controls with

e e - - — .-

compared with smokers showing t and P values for

comparison of the means recorded at corresponding

test points.




" PLASMA LIPID LEVELS AND FIBRINOLYTIC ACTIVITY.

In the group of men selected as being healthy and
free from clinical evidence of coronary heart disease,
fairly wide ranges of plasma cholesterol and plasmé
triglyceride Levels were detected. This was, of cou;se,
partly due to the normal age-related variation in plasma
Lipid Levels but also, within the so~called control group,
a proportion of subjects with cholesterol or triglyceride
Leveis which fell outwith the normal range for their age
was found.

PLasma fibrinolytic activity, resting and after
fifteen minutes venous occlusion, was measured and the
increment calculated in 104 men aged 30-59 years with no
clinical evidence of coronary heart disease, Samples for
plasma cholesterol and triglyceride assays were drawn at
‘the time the samples for resting fibrinolytic activity
were being collected.s Seventy-six of the controls had a
second set of fibrinolytic tests and plasma Lipid assays
carried out one to six months after initial testing.

Relationships between the tevels of plasma
cholesterol and fibrinolytic activity and plasma

triglyceride and fibrinolytic activity were sought,

Results.

When the control group was examined as a whole, the

level of resting plasma fibrinolytic activity did not
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appear ;o be related to pltasma cholesterol levels (Table
25). However, the level of fibrinolytic activity detected
after fifteen minutes venous ochusipn and the incremént
in fibrinolytic activity were found to be stétisticak{f
significantly negatively related to plasma cholesterol
levels (Tabkle 25) - the greater the level of cholesterol,
the pborér the fibrinolytic response to venous occlusion.,

In the whole group, resting plasma fibr{nolytic
activity Qas found to be inversely related to the level
of plasma triglyceride but this finding attained
statistical significance only in those controls studied at
Test 2 (Tabilie 2867. Highly significant {inverse
relationships were found betweén plasma triglyceride
Levels and the Llevel of fibrinolytic activity after
fifteen minutes venaus occlusion and the fibrinolytic
increment resulting from occlusion (Table 26).

The control group was subdivide& into a group of non-
smokers (57 subjects) and into a2 group of cigarette
smokers (47 subjects).

In the subgroup of non~-smoking controls, no
significant relationship was found between resting plasma
fibrinolytic activity and plasma cholesterol level (Table
27) and the statistically significant relatijonship between
plasma cholesterol level and the Level of fibrinolytic
activity post~occlusion (which had been found in the whole
group?) was found only at Test 1 and only at the Level of P
<0.05.

In the non-smoking controls, both the resting plasma

fibrinolytic activity and Level of fibrinolytic activity
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achieved after fifteen minutes venous occlusion ﬁere very
significantly inversely related to the Level of plasma
triglyceride (Table 28). |

Perhaps predictably, in the subdgroup of controls who
smoked cigarettes, there was Less evidence suggesting a
significant relationship between plasma Lipid Levels and
fibrinoLytic activity. No significant relationships were
found between plasma cholesterol Llevels and Tibrinolytic
activity (Table 29). In the smoking contrels, no
significant relationship was found between plasma
triglyceride Ltevel and resting fibrinolytic activity but
the fibrinolytic response to venous occlusion was
statistically. significantly inversely related +to
triglyceride Level {although Less strongly so than in the

non—-smoking controls) - Table 30.

tomment.

Several workers have shown that resting plasma
fibrinoiytic activity 15 related to pLasma'{ﬁpﬁd Levels
(Sweet et al 1966, Meade et al 1977b). Sweet et al (1966
found that in primary carboh>ui;ate induced
hypertriglyceridaemia, resting plasma fibrinolytic
actjvity was low and Meade et al (1977b) reported that
resting plasma fibrinolytic activity was inversely related
to both the plasma cholésterot and the plasma triglyceride
levels (P <0.01 and P <0.001 respectively). In the study
reported here, although the resting fibrinolytic activity

was always negatively related to the cholestercol level,
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statistical sjgnificance was never achieved - perhaps
because the group examined was too small.

Plasma fibrinolytic z2¢tivity at rest was found to be
inversely related to plasma triglyceride 1level.
Interestingly this was most convincingly significant in
the non-smokers (P <0.005); significant at Test 2 only in
the whole control group and not statistically significant
in the cigarette smokers.

Spotti et al (1969) and Alwer (1975) have found that
hypertriglyceridaemia §s associated with a poor
fibrinolytic response to venous occlusion. In the study
reported here, the fibrinolytic response to venous
occlusion has been shown to be significantly negatively
associated with the ptasma triglyceride level and as with
the resting fibrinolytic activity the statistical
significance 495 Ltowest in the group of cigarette smokers.

The increment in plasma fibrinelytic activity in
response to venous occlusion was found to be significantly
negatively related to plasma cholesterol Llevels only when
the wholte group was studied. As with the observations on
the resting Llevels the lLack of signifitance in the smaking
and non—smoking subgroups may be due to inadequate
population sample size.

Obviousiy plasma fTibrinolytic activity does have an
important reletionship with the plasma Llevels of
Lipoprotein. It is therefore essential to measure plasma
Lipid Levels in a sample taken at the same time as samples
taken for {ibrinolytic activity assessment. Alterations

in an individuals Ltipid lLevels from test to test may be
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associated with variability in obhserved fibrinaolytic

activity. It is essential that blood samples for

fibrinolytic activity measurement are collected from

fasting subjects.




TEST
Rest.
Occa

Incra

TEST
Rest.

Occ,

Incr.
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TABLE 25.

CHOLESTEROL LYSIS PIAM.

mmol/L mm
3 SD X - SD n r t P
1.
5. 1.0 12.2 2.6 104 ~.160 1.64 NS
5 1.0 23.3 . 6.5 104 ~.214 2.21 <.,025
5. 1.0 11 .1 5.6 104 ~ 174 1.78 <.05
2.
5.2 0.9 12.1 2.3 75 -.162 1.40 NS
5.2 0.9 23.3 6.6 76 -.145 1.26 NS
5.2 0.9 1.1 5.4 75 ~.191 1.66 <.05

Mean values for cholesterol (mmol/L) and plasma
fibrinolytic activity (diameter of Lysis—mm)
resting, after 15 minutes venous occlusion and the
increment (occluded-resting) in the whole_gcontrol
group at Test 1 and at Test 2 and showing the
correlation coefficient r along with its t and P
values for comparison of cholesterol and

fibrinolytic activity levels at each test point.
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TABLE 26.

TRIGLYCERIDE LYSIS DIANM.

mmé[!L mm

X SD X SD n r t P
TEST 1. ' :
Rest. 1.8 1.2 12.2 2.6 104 ~.107 1.09 NS
0cc. 1.8 - 23.3 6.5 104 —.286 3.02 <.,0025
Incr. 1.8 1.2 11.1 5.6 104 ~.281 2.96 <.0025
TEST 2.
Rest. 1.7 1.4 12 .1 2.3 75 -.263 2.33 <.0125
Occ. 1.7 1.4 23.3 6.6 76 -,394 3.69 <.0025
Incr. 1.? 1.4 11.1 B.4 75 -.361 3.31 <.0025

Mean values for triglyceride (mmol/L) and plasma
fibrinolytic activity (diameter of Llysis-mm)
resting, after 15 minutes venous occlusion and the
increment (occluded - resting) in the whole

control _group at Test 1 and at Test 2 showing the
correlation coefficient r along with its t and P
values for comparison of triglyceride and

fibrinolytic activity levels at each test point.




TEST
Rest.

Qcc.

Incr.

TEST
Rest.
Jcca

Incr.

TABLE 27.

CHOLESTEROL LYSIS DIAM.

mmoL/L mm'
x 8D x SD n r +
1.
5.4 0.9 12.2 2.4 57 -.208 1.57 NS
5.4 0.9 23.9 5.9 57 ~,256 1.96 -<.05
S.4 0.9 11.7 5.4 57 ~-.184 1.38 NS
2.
5. 0.8 12.3 2.4 42 -.106 ©D.68 NS
5. 1.0 23.9 5.8 43 -.025 0.16 NS
5. 0.8 11.5 4.6 42 -.130 0.84 NS

Mean values for ¢holesterol (mmol/L) and plasma
fibrinolytic activity <(diameter of lysis—mm)

resting, after 15 minutes venous occlusion and the

- v w— v, —

- —— . v -

correlation coefficient r along with its t and
P values for comparison of cholesterol and
fibrinolytic activity levels at each test point.
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TABLE 28,

TRIGLYCERIDE LYSIS DIAM,

‘mmol/L mm

X 8D X Sp n r t P
TEST 1.
Rest. 1.5 12.2 2.4 57 -.361 2.87 <.005
Occl. 1.5 . 23.9 5.9 57 =.349 2.76 <.005
Incr. 1.5 0.8 11.7 5.4 . 57 =.216 1.64 NS
TEST 2.
Rest. 1.3 0.7 12.3 2.4 42 -.414 2.88 <.005
occl. 1.3 0.7 23.9 5.8 43 -~.531 4.01 <.0005
Incr. 1.3 0.7 11.5 4.6 42  -.443% 3.13 <.0025

Mean values for trigityceride (mmol/L) and plasma
fibrinolytic activity (diameter of Lysis-mm)
resting, after 15 minutes venous occlusion and the

. A v AM e e ML e A

controls at Test 1 and at Test 2 showing the
correlation coefficient r along with its t and P
values for comparison of triglyceride and

fibrinolytic activity Levels at eath point.
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TABLE 29.

CHOLESTEROL LYSIS DIANM.

mmol/L mm

X SD X SD n r t P
TEST 1.
Rest. 5. 1.0 12.2 2.7 47 -,115 0.78 NS
Gcel. 5 1.0 22 .5 7 47 - 147 i.00 NS
Incr. 5. 1.0 10.3 5.8 47 -.127 0.86 NS
TEST 2.
Rest. . 0.9 11.9 2.1 33 ~.207  1.17 NS
Occl. 0.9 22.5 75 33 “ 243 1.39 NS
Incra . 0.9 10.6 6.4 33 ~.218 1e24 NS

Mean values for cholesterol (mmol/LY and plasma
fibrinelytic activity (diameter of Lysis-mml
resting, after 15 minutes venous occlusion and the
increment (occluded = resting) in the cigarette
the correlation coefficient r along with its t and
P values for comparison of cholesterol and

fibrinolytic activity levels at each test point.




TABLE 30.

TRIGLYCERIDE LYSIS DIAM.

mmol/L mm

X SDh X SD n r t P
TEST 1.
Rest. 2.2 1.4 12.2 2.7 47 - DB47 D.32 NS
Occtl. 2.2 1.4 22.5 7.1 47 . ~-.225 1.54 NS
Incr. 2.2 1.4 10.3 5.8 47 -.299 2.170 <.0258
TEST 2.
Rest. - 1.8 11.9 2.1 33 -.219 1.25 NS
Occl. - 1.8 22.5 7.5 33 -.352 2.09 <.025
Incr. - 1.8 1046 6.4 33 -.342 2.02 <.05

Mean values for triglyceride (mmol/L) and plasma
fibrinolytic activity (diameter of LYsis—mm)
resting, after 15 minutes venous occlusion and the
increment (occluded-resting) in the cigarette

the correlation coefficient r along with its t and
P values for comparison of triglyceride and

fibrinolytic activity levels at each test point.
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BLOOD PRESSURE AND FIBRINOLYTIC ACTIVITY.

Plasma fibrinolytic activity resting and after
fifteen minutes venous occlusion was measured and the
increment calculated in 104 men with no clinical evidence
of cofoﬁary heart disease. Seventy seven of these male
controls were re~tested one to six months after their
initial fibrinolytic assessment.

At each visit, resting supine, blood pressure was

carefully checked iﬁmediately prior to blood sampling.

When all of the controls were examined together, no
significant retationship was found between resting
fibrinolytic actiyity and systolie blood pressure. At
Test 1 there was evidence (P <.05) that the post occlusion
fibrinolytic activity and the fibrinolytic increment were
significantly positively related to systolit biood
pressure. This finding was not confirmed in those
controls examined at Test 2 (Table 31).

At beth Test 1 and Test 2, resting plasma
fibrinolytic activity was found to be significantly
negatively related to diastolic blood pressure (P <.05) -
the higher the diastolic pressure the Lower the resting
plasma fibrinolytic activity. Post occlusion fibrinokytic

activity did not seem to be related to diastolic blood
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pressure. (Table 32).

When the control group was divided into cigarette
smokers and non-smokers no reproducible relationships were
found between systolic blood pressure and plasmé
fibrinolytic activity in ejther the smokers or the non-
smokers (Tables 33, 34) but, as in the control group as a
whole, the non~§moking controls demonstrated a significant
negative relationship between resting plasma fibrinolytic
activity and diastoL%c blood pressure (Table 35). No
significant relationships between pLasmé fibrinolytic
activity and diastolic blood pressure were found in the
smoking controls (Table 36).

The control éroup was subdivided into those with
normal plasma Lipid profiles and those deemed to have
plasma Lipid abnormalities.

The results of comparing plasma fibrinolytic actiﬁity
Wwith systolic blood pressure in these subgroups of
controls are shown in Tables 37-40 and of comparing plasma
fibrinolytic activity Qith diastolic blood pressure in the
éuhgroups of controls are shown in Tables 41-44.

No reproducible relationships were found between
either systolic or diastolic blood pressuge and plasma
fibrinolytic activity in any of the four subgroﬁps
examined. {(Normal lipid, non-smokers; normal tipid,
smokers; abnormal lipid, non-smeckers; abnormal Lipid,

smokers).
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Comment.

Hyperte;sion is recognised as one of the major
precursors of atherosclerotic vascular lesions. Meade et
al (1977b) demonstrated, that in men resting plasma
fibrinolytic activity is not significantly related to
systolic btood-pressure but s significantly (P <0.01)
negatively related to the diastolic pressure.

In the study reported here, no significant and
reproducible relatjonship was found between systolic blood
pressure and fibrinolytic activity. Diastolic blood
pressure however was signifiqantLy negatively related to
resting plasma fibrinolytic activity in the control group
as a whole. This significant relationship was observed
when the non~smokers were observed separately but was not
observed in the cigarette smoking controls nor in the

controls with abnormal lipid profiles,
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TABLE 31.

SYSTOLIC BP LYSIS DIAM
mm
mm Hg

X §Dh x SD n r 1 P
TEST 1.
Rest. 128.9 13.7 12.2 2.6 104 -.031 D.31 NS
oecl. 128.9 13.7 23.1 6.5 104  .164 1.68 <.05
Incr. 128.9 13.7 10.9 5.6 104  .176 1.80 <.D5
TEST 2.
Rest . 127.7 13.5 12.0 2.3 76  =.117 1.01 NS
occl. 127.6 13.5 22.9 6.7 77 .085 D.74 NS
Incre.

12¢7.7 13.5 10.9 5.5 76 165 1 .44 NS

Mean values for systolic biood pressure (mm
mercury) and plasma fibrinolytic activity
(diametér of Lysis-mm) resting, after 15 minutes
venous occlusion and the dincrement (occluded-
at Test 2 showing the correlation coefficient r
along with its t and P values for comparison of

systolic pressure and fibrinoLyt%c activity at

each test point.
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TABLE 32.
DIASTOLIC BP LYSIS DIAM.
mm Hg mim _
X SD X 8D n r t P
TEST 1. ' E
Rest.  83.2 19.0 12.2 2.6 104 ~.169 1.73  <.05 :
Occl. 8%3.2 9.0 23.1 6.5 104 .087 0.89 NS 8
Incr. 83.2 9.0 10.9 5.6 104 178 1.8%  <.05
TEST 2. ~
Rest. 83.0 9.4 12.0 2.3 76 ~.202 1.77 <.05 5
occl. 83.0 9.4 22.9 6.7 77 .018 0.16 NS |
~Incr. 83.0 9.4

10.9 5.5 76 - 113 0.98 NS

Mean values for diastolic blood pressure (mnm
mercury) and plasma fibrinolytic activity
(diameter of Lysis~mm) resting, after 15 minutes
venous occlusicon and the increment (occluded-

at Test-Z showing the correlation coefficient r
along with its t and P values for comparison of
diastolic pressure and fibrinolytic activity at

each test point.




TABLE 33,

SYSTOLIC BP LYSIS DIAM.
‘ mm Hg mm
X SD X SD n r t P
TEST 1.
Rest . 130.2 15.0 12.2 2.4 57 .062 0.47 NS
ocel. 130.2 15.0 23.9 5.9 57 .092 0.69 NS
Incr. 130.2 15.0 11.7 5.4 57 .128 0.96 NS |
TEST 2. :
Rest. 128.1 13.8 12.1 2.4 44 =.336 2.31 <.025 :
ocel. 128,0 13.6 23.5 5.9 45 =.261 1.77 <,05 ;
Incr. 128.1 13.8 11.2 4.6 44 =.141 0.93 NS ;

Mean values for systolic blood pressure (mum
mercury) and plasma fibrinolytic activity
(diameter of lysis-mm) resting, after 15 minutes
venous occltusion and the increment (occluded-

resting) in the npon-smoking_controls at Test 1 and 5

at Test 2 shewing the correlation coefficient r

along with its t and P values for comparison of

systolic pressure and fibrinolytic activity at

each test point.




TABLE 34,

SYSTOLIC BP

LYSIS DIAM.
mm Hg '

127 .2

Mean values for systolic blood pressure (mm

mercury) and plasma fibrinolytic activity

{(diameter of lysis~mm) resting,

after 15 minutes

venous occlusion and the inctrement (occluded-

resting)

7 and at Test 2 showing the correlation

coefficient r atong with its t and P values for

mm

3 SD % SD n r t P
TEST 1.
Rest. 127.2 11.9. 12.1 2.7 47  .156  1.06 NS
occl. 127.2 11.9 22.2 7.1 47  .236  1.63 NS
Tner. 127.2 11.9 10.1 5.8 47  .217  1.49 NS
TEST 2.
Rest. 127.2 13.4 11.8 2.1 32 .234  1.32 NS
Occl. 127.2 13.4 22.1 32 .467 2.90 <.005
Incr. 13.4 1D.3 6.6 22 473 2.94 <.005

comparising of systolic pressure and fibrinolytic

activity at each test point.
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TEST
Rest.
Occl.

Incr..

TEST
Rest .
Cccl.,

Incr.

TABLE 35.
DIASTOLIC BP LYSIS DIAM.
mm Hg mm
X SD X SD N r t P
1.
84.0 9.6 12.2 2.4 57 -.230 1.75 <.05
84 .0 9.6 23.9 5.9 57 112 0.84 NS
84 .0 2.6 11.7 5.4 57 225 1.71 <.05
2‘
82.7 9.5 12 .1 2.4 L4 -.386 2.71 <£.,.005
82.6 Q.4 23,5 5,9 45 ~.188 1.26 NS
82.6 2.5 1.2 4.6 Li -.031 0.20 NS

Mean values for diastolic blood pressure (mm-
mercuryl and plasma fibrinolytic activity
(diameter of Lysis—-mm) resting, after 15 minutes
venous occlusion and the increment (occluded-
resting) in the pon-smokipg controls at Test 71 and
at Test 2 showing the correlation coefficient r
along with its t and P values for comparison of

diastolic pressure and fibrinolytic activity at

each test point.
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"TEST

Rest.
Occl.,
Incr.

TEST

Rest.
Occl.,

Incr.

TAB

PIASTOLIC BPF

mm Hg
X SD x
1-
82.3 8.3 12.1
82.3 8.3 22.2
82.3 8.3 101
2.

83.5 9.4 11.8
83.5 9.4 22.1
83.5 9.4 10.3

Mean values for diastolic blood pressure (mm

LE 36.

m
SD

LYSIS DIAM.

47
&¢
47

32
32
32

n

~.102
036
093

»102
=257
268

mercury) and plasma fibrinolytic activity

(diameter of Llysis-mm?

venous occlusion and t

resting,

0.69
0.24
0.63

0.56
T.46
1.53

after 15 minutes

he increment (occluded~

resting) in c¢igarette smoking_controls at Test 1

- et FLEEA AP AL

and at Test 2 showing the correlation coefficient r

along with its t and P values for comparison of

diastolic pressure and fibrinolytic activity at

each test point.

NS
NS
NS

NS
NS
NS
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TABLE 37.
SYSTOLIC BP LYSIS DIAM.
mm Hg mm
X Sb X SD n r t P

TEST 1.

Rest. 128.6 15.0 12.5 2.5 50 8.02 D.06 NS
O0ccl. 128.6 15.0 24.5 5.5 50 .266 1.91 <.05
Incr. 128.6  15.0 12.1 5.2 50  .281 2.02 <.025

TEST 2.
Rest. 126.5 13.3 12.3 2.4 40 -.25T 1.60 NS
Ocecl., 126.4 13.2 24 .4 5.4 41 ~.096 0.560 NS

Incr. 126.5 13.3 1.9 4.3 40 039 0.24 NS

Mean values for systolic blood pressure (mm
mercury) and plasma fibrinolytic activity
(diameter of Lysis—-mm) resting, after 15 minutes
venous occlusion and the increment (occluded-

at Test 1 and at Test 2 showing the correlation
coefficient r along with its t and P values for
comparison of diastolic pressure and fibrinolytic

activity at each test point,




TABLE 38.

SYSTOLIC BP LYSIS DIAM.
mm Hg mm

X SD X SD n P t P
TEST 1.
‘Rest. 126.8 12.3 q2.4 3.1 32 73 0.96 NS
Occl. 126.8 .12.3 23.3 7.3 32 .266 T.51 NS
Incr. 126.8 12.3 10.9 5.7 32 s b6’ 1.39 ° NS
TEST 2.
Rest. 12&.9 13.4 12.0 2.4 20 192 0.83 NS
Occl. 124.9 13.4 23.2 1.2 20 . 283 2.04 <.DO5

Incr. 124.9 13.4 11.2 5.9 2 .628 3.43  <,D025

Mean values for systolic blood pressure (nm
mercury) and plasma fibrinolytic activity
(diameter of lysis—-mm) resting, after 15 minutes
venous occlusion and the increment (occluded-
resting) in the normal _Lipid smoking_ controls
at Test 1 and at Test 2 showing the correlation
coefficient r along with its t and P values for
comparison of systolic pressure and fibrinoLyfic

activity at each test point.




TEST

Rest.
Occl.

Incr.

TEST

Rest.,
Occl.
Incr.
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TABLE 39.
SYSTOLIXIC BP LYSIS DIAM.
mm Hg mm
x $D X $D n r t p
1.
141 .4 10.7 10.5 0.7 s “293 0.69 NS
147 .4 10.7 19.4 6.7 7 ~.525 1.37 NS
141 .4 10.7 9.0 6.7 7 -.551 1.48 NS
2‘
143 .7 7.5 10.0 1.0 L =,939 3.88 <.,05
143.7 7.5 14 .6 2.0 4 -.836 2.15 <£.05
4 -~ 481 0.78 NS

143 ,7 7.5 £.6 1.6

Mean values for systolic blood pressure (mm
mercury) and plasma fibrinolytic activity
(diameter of Llysis-mm) resting, after 15 minutes

venous ceclusion and the increment {(occcluded~

——— —— i e - o v o e - . v -

- — - =

correlation ceefficient r along with its t and P

values for comparison of systolic pressure and
fibrinolytic activity at each test point.
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TABLE 40 .
SYSTOLIC 8P LYSIS DIAM.
Mm Hg ' hm

X SD X $D h r t p
TEST 1.
Rest. 128.3 11.2 11.6 1.5 15 .159 0.58 NS
Occl. 128.3 11.2 19.8 6.2 15 .232 0.86 NS
TREP . 128.3 11.2 8.2 5.6 15 .216  0.80 NS
TEST 2.
Rest. 139.1  13.1 11.3 1.5 12 570 2.20 <.05
Occl, 131.1 13.1 20.2 8.5 12 468 1.67 NS
Incr. 131.1 13.1 8.9 7.6 12 .40 1.42 NS

Mean values for systolic blood pressure (mm
mercury) and plasma fibrinolytic activity
(diameter of lysis~mm) resting, after 15 minutes
venous occlusion and the increment (occluded-

at Test 1 and at Test 2 showing the correlation
coefficient r along with its t and P values for

comparison of systolic pressure and fibrinolytic

activity at each test point.




TABLE 41,

DIASTQLIC BP LYSIS DIAM.
mm Hg mnm

b3 5D X sD n P t P
TEST 1.
Rest. 83.2 9.8 12.5 6.2 50 —~.174 1.22 NS
Occl. 83.2 9.8 24 .5 5.5 50 159  1.11 NS
incr, 83.2 9.8 12.0 5.2 50 .253 1.8 NS
TEST 2.
Rest. 81.7 2.3 12.3 2.4 40 -~.316 2.05 <.025
Occla 81.7 9.2 244 S.4h 41 037 D.24 NS
Incr, 81.7 2.3 1T1.9 4.3 40 139 0.86 NS

Mean values for diastolijc blood pressure (am
mercury) and plasma fibrinolytic activity
(diameter of Lysis-mm) resting, after 15 minutes
venous occlusion and the increment (occluded-

at Test 1 and at Test 2 showing the correlation
coefficient r along with its t and P values for
comparison of diastolic pressure and fibrinolytic

activity at each test point.




TEST

Rest.
Occla

Incr.

TEST

Rest.
Occl.
Incr.
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NS

TABLE 42,

DIASTOLIC BP LYSIS DIAM,

- mm Hg . hm

x SD X SD n r t P
1"

80.5 8.0 12.4 3.1 32 -.094 0.52 NS

80.5 8.0 23.3 7.3 32 .036 0.20 NS

80.5 8.0 10.9 5.7 32 .091 0.54 NS
2.

80.8 9.1 12.0 2.4 20 .101 0.43

80.8 9,1 23.2 7.2 20 .359  1.63 NS

80.8 9.1 11.2 5.9 20 .395 1.82 <.D5

Mean values for diastolic blood pressure (mm
mercury) and plasma fibrinolytic activity
(diameter of lysis-~mm) resting, after 15 minutes
venous occlusion and the increment (occluded-
resting) in the pormal lipid, smoking controls

at Test 1 and at Test 2 showing the correltation
coefficient r along with its t and P values for
comparison of diastolic pressure and fibrinolytic

actjvity at each test point.




TABLE 43.

DIASTOLIC BP LYSIS DIAM.

' mm Hg ' hm

x SD % SD n r t P
TEST 1.
Rest . 90.0 4.8 16.5 0.7 7 =.430 1.06 NS
Occl. 90.0 4.8 19.4 6.7 7  .T61 2.63 <.025
Incr. 90.0 4.8 9.0 6.7 7  .801 3.00 <.0125
TEST 2.
Rest. 92.5  b.h 10.0 1. 4L -.796 1.86 NS
oeel. 92.5 6.4 14.6 2.0 4  .063 0.09 NS
Iner. 92.5 6.4 4.6 1.6 & 426  0D.67 NS

Mean values for diastolic blood pressure (mm
mercury) and plasma fibrinolytic activity
(diametér of lysis-mm) resting, after 15 minutes
venous occlusion and the increment (occluded-

——— . v At v bt P A e o el v e ey . - -

correlation coefficient r along with its t and P
values for comparison of diastolic pressure and
fibrinolytic activity at each test point.




TABLE 44.

DIASTOLIC BP LYSIS DIAM.
' mm'Hg ﬁm'
X SD % SD n r t

TEST 1.

Rest. 86.3 7.8 11.6 1.5 15  .078 0.29
occl. 86.3 7.8 19.8 6.2 15 .352 1.36
Incr. 86.3 7.8 8.2 5.6 15  .369  1.43
TEST 2.

Rest. 88.0 8.3 11.3 1.5 12  .h&4  1.587
Gecl. 88.0 8.3 20.2 8.5 12  .374  1.28
Tncr. 88.0 8.3 8.9 7.6 12 .332  1.11

Mean values for diastolic blood pressure (mmn
mercury) and plasma fibrinolytic activity
(diemeter of Lysis-mm) resting, after 15 minutes
venous occlusion and the increment (occluded-
resting) in the abnormal_Llipid, smoking controls
at Test-1 and at Test 2 showing the correlation
coefficient r along with its t and P values for
comparison of diastolic pressure and fibrinolytic

activity at each test point.

NS
NS
NS

NS
NS
NS




BODY WEIGHT AND FIBRINOLYTIC ACTIVITY.

Resting plasma fibrinolytic activity and the plasma
fibrinolytic activity after fifteen minutes venous
océLusion were measured and the increment calculated in
105 ¢ontrol male suﬁjects aged between 30 and 59 years.

On the day of testing each control was carefully
wetghed. Relationships between gross body weight and

plasma fibrinolytic activity were sought.

Results.

Resting pltasma fibrinolytic activity, post occlusion
fibrinolytic activity and the fibripnolytic dincrement were
all found to be significantly related to gross body weight
in the group of 105 c¢ontrol subjects (Table 45).

When the controls were divided into smokers and non-
smokers, ptasma fibrinolytic activity both resting and
after venous occlusion was found to be sﬁgnificantty
negatively related to gross body weight (Tables 46-47).
These relationships were more evident 1in the smokers
(Table 47) than the non-smokers (Table 46).

Further subdivision of the control group into those
who had a nermal plasma Llipid prefile and those with
evidence of Lipid abnormality revealed that only resting
plasma fibrinolytic activity was significantly negatively

related to gross body weight in the non=smoking controls
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with normal Lipid profiles (Table 48), whereas in the

smoking controls with normal plasma lipid profiles, both.

resting and post occlusion plasma fibrinolytic activity

were highly significantly negatively related to gross body
weight (fabte 49).

No relationships were found between plasma
fibrinotytic activity and body weight in the very small
subgroups of controls with abnormal plasma Lipid profiles

(Tables 580 and 51),

comment .

Obesity in itself is not new considered to be one of
the major C.H.D."risk factors.,' It is usually associated
with the presence of other,"risk factors" such as
hypertension or elevated plasma Llipid levels and is a risk
because of these associations.

Many authors have examined fibrinolytic activity in
obesity and have found it reduced (Fearnley et al 1963,
Shaw and MacNaughton 1963, Ogston and McAndrew 1964,
Bennett et al 1966, Grace and Goldrick 1968, Warlow et al
1972). Obese subjects have also been reported as having a
poor fibrinolytic response to stimuli such as exercise
(0gston and McAndrew 1964) or venous oétclusion (Almer
1975) .

In the study reported here no attempt was made to
divide the controls inte groups of those with a normatl
weight and those with increased weight. No formal

assessment of obesity was included in this study but a
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.

humber of the controls were evidently mildly or moderately
overweight. . Gross body weight ha; been found to be
significantly negatively related to pLasma fibrinctlytic
activity both resting and aft;r venous occlusion. As with
the reLationships_between fibrinoLytic activity and C.H.D.
"risk factors™, already discussed in this Chapter, the
relationship between fibrinolytic activity and weight is
obscured 1in subjects with eLeQated plasma trigyceride

Levels.




Rest.
Cecl.

Iincr.

TABLE 45,
WEIGHT LYSIS DIAM,
Lbé. mm
x SDh X Sb n - r 1 P
165 24 12.2 2.5 105 -.358 3.99 <.,0005

165 24 23.2 6.5 105 -.303 3.2 <.D025
165 24 11.0 5.6 105 ~.188 1.9 <.05

Mean values for gross body weight (lbs) and plasma
fibrinolytic activity (diaﬁeter of Lysis—mm)
resting, after 15 minutes venous occlusion and the
increment (occluded-resting) in the all _of the

controls showing the corretation coefficient r

along with its t and P values for comparison of body

weight and fibrinolytic activity at each test point.
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TABLE 46.

WEIGHT LYSIS DIAM,
Lbs. mm
X SD X 5D n r t P
Rest. 167 27.5 12.2 2.4 57  ~.336 2.65 <,D1
Occl. 167 27 .5 23.9 5.9 57  ~.249 1.91 <.0%
Incr. 167 27 .5 1.7 5.4 57 =.119  .891 NS

Mean values for gross body weight (lbs) and plasma
fikbrinolytic activity (diameter of Lysis~mm)
resting, after 15 minutes venous ccclusion and the

increment (occluded-resting) in the non=smoking

along with its t and P values for comparison of
body weight and fibrinolyticactivity at each test

peint.
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TABLLE 47 .
WEIGHT LYSIS DIAM.
Lbs. Comm
X ) X 5D n r 1 [
Rest. 161 18.9 12.1 2.7 48  ~.432 3.25 <.0025
occl. 161 18.9  22.3 7.1 48  ~.462 3.53 <.0005
Incr. 161 18.9 10.2 5.8 48  ~.367  2.67 <.D1

Mean values for gross body weight (lbs) and plasma
fibrinolytic activity (diameter of Lysis—mm)

resting, after 15 minutes venocus occlusion and the

along with its t and P values for comparison of body
weight and fibrinolytic activity at each test point.




Rest.
Cccl.

Incr.

TABLE 48.

WEIGHT LYSIS DIAM.

ibs. ) mm
X SD % SD n r t P
163  19.7 12.5 2.5 50 -.325 2.38 <.0125
163 19,7 24,5 5.5 50 -.122 .853 NS
163 19.7 12.1 5.2 50 L026  .179 NS

Mean values for gross body weight (Lbs) and plasma
fibrinolytic activity (diameter of Lysis-mm)
resting, after 15 minutes venous occlusion and the

increment (occluded-resting) in the normal Llipid,

- e AW o e
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coefficient r along with its t and P values for
comparison of body weight and fibrinolytic activity

at each test point.




Rest.
Deci.

Incr.

TABLE 49,
WEIGHT LYSIS DIAM,.
X SD X SDb n r t P

159  19.8 12.4 3.1 33  -.504 3.25 <,0025
159  19.8 23.5 7.3 33  =.548 3.65 <.0005
159 19.8  11.1 5.7 33  ~.426 2.62 <.01

Mean values for gress body weight (lbs) and plasma
fibrinalytic activity (diameter of Lysis—mm)
resting, after 15 minutes venous occlusion and the

increment (occluded-resting} in the npormal_Llipid,

ralong with its t and P values for comparison of
body weight and fibrinolytic activity at each

test point.
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TABLE 50.

WEIGHT LYSIS DIAM.

lbs. mm
X $h X SD n r t P
Rest. 197 52.2  10.5 .7 7 -.291 .68 NS
occl., 197 52.2  19.4 6.7 7 -.259 .60 NS
Incr. -197 52.2 9.0 6.7 7 -.227 .52 NS

Mean values for gross body weight (lbs) and plasma
fibrinolytic activity (diameter of lysis—-mm)
resting, after 15 minutes venous occlusion ahd the

———— - —
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coefficient r along with its t and P values for
comparison of body weight and fibrinolytic

activity at each test point.




TABLE 571.

WEIGHT LYSIS DIAM.
Lbs. mm
X SD X SD n r t P
Rest. 165 16.8 11.6 1.5 15  =-.015 .06 NS
Occla 165 16.8 19.8 6.2 15 -.127 A NS
Incr. 165 16.8 8.2 5.6 15 =.137 .50 NS

Mean values for gross bady weight {(lbs) and plasma
fibrinclytic activity {(diameter of Llysis-mm)

resting, after 15 minutes venous occlusion and the

increment (occluded—resting? in the abnormal

ey -~

coefficient r along with its t and P values for

comparison of body weight and fibrinolytic activity

at each test point.




DISCUSSICN.

As mentioned in Chapter 11, a great deal of effort
has been expended in the attempt to jdentify individuals
or groups of individuals at particular risk of C.H.D.
Increasing age, male sex, hypertgnsion, increased blood
Lipid Levels and cigarette smoking are generally accepted
as being the five most important C.H.D. "risk factors.”

In this Chapter an attempt has been made to examine
the possibitity that observed levels of Tfibrinolytic
activity in plasma may be significantly related to those
various factbrs associated with an increased risk of
C.H.D.

There 1s disagreement about possible differences 1in
plasma fibrinolytic activity in men and in women. Cash
(1966) reported that spontanecus fTibrinolytic activity was
higher in females than in males but this has not been
corroborated (Hamilton et al 1974). The response to
venous occlusion does not seem to vary with sex under the
aée of 50 years but thereafter females appear to have a
significantly greater response (Robertson et al 1972}).

In the study reported here no attempt was made to
examine the 1influence of sex on fibrinolytic activity
because it was felt that this would in itself have
constituted a major study Wwith many ramifications.

Disagreement exists about the relationship between

age and fibrinolytic activity. OQur observations suggest

340




that, in healthy men, fibrinolytic éct%vity'at rest falls
between tEe ages of 30-39 years and 40-49 years but
thereéfter.plateaUS.

Opinions have varied about the effect of smoking on
fibrinolytic activity. Certainly c¢igarettes smoked
immediately prior to testing evoke a "nicotine" response
With elevated levels of activity detectable. It is
therefore important to ensure that subjects being examined
understand the importance of abstaining from smoking prior
to testing. We were unable to demonstrate any significant
differences in fibrinolytic activity at rest or after
venous occlusion between healthy cigarette smokers and
healthy non-smokers - an observation which concurs with
that of the Malmo Greoup (Janzon and Nilsson 19752,

The study reported here confirms the findings of
Meade et al (1977b) that plasma fibrinolytic activity is
negatively related to plasma Lipid levels ~ most strongly
to the plasma level of trigtfceride. "Recently Andersen et
al (1982) have also reported that there 4is5 a highly
significant correlation between fibrinolytic activity and
trigLfceride Levels and furthermore that dietary
manipulation resulting in normalisation of triglyceride
levels is associated with increased fibrinolytic response
to venous occlusion.

Relationships have been reported between plasma
fibrinolytiec acitivity and bleood pressure levels (Meade
etal 1977b). ~ We have confirmed that there is a
significant negative relationship between fibrinolytic

activity and diastolic blood pressure.
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Although no formal assessment of obesity was made, a
strong ﬁegative relationship between gross body weight and
fibrinolytic activity was observed.

It seems that, at least in males the lLevel of
fibrinolytic activity detectable in plasma and the
fibrinolytic response to the stimulus of venous acclusion
does vary 1in relation to a number of the accepted Cu.H.D.
Yrisk factors". The most sitriking relationship is bhetween
triglyceride Llevel and fibrinolytic activity but the
tevels of other Lipids may be important. The association
between triglyceride Level and fibrinolytic activity
appears so strong that, where the plasma triglyceride
tevel 49s abnormally high; the relationships between
fibrinolytic activity and other CHD "risk factors" may be
obscured. Diastolic blood pressure and age also seem to
be of some influence. Whilst c¢igarette smoking in itself
was not found to be related to the Level of fibrinolytic
activity it remains Likely that smoking may influence
fibrinolytic activ{ty indirectly by 1its 1interaction with

other "risk factors."
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CHAPTER VIII.

FIBRINOLYTIC ACTIVITY AND C.H.D. "RISK FACTORS"
- AN EXAMINATION OF POSSIBLE RELATIONSHIPS

IN C,H.D. PATIENTS.
INTRODUCTION.

In Chapter VII evidence was sought to confirm or
refute the suggestion that relationships may exist between
the level of fibrinolytic activity and coranary heart
disease "risk factors", The subjects examined in Chapter
VII were all believed to be free of obstrucfive coronary
heart disease (C.H.D.) either on the basis of a lack of
ctinical symptoms or on the basis of a known "negative"
angiogram,

In this Chapter, similar evidence of relationships
existing between the level of plasma fibrinolytic activity
and C.H.D. "risk factors™ 4s sought in a gro&p of patients
with known obstructive cﬁronary heart disease. Since
previous studies reporting relationships between varijous
C.H.D. "risk factors™ and fibrinolytic activity have not
always attempted to take into account the state of the
subjects coronary artery health, this Chapter will also
include comments on the result of examining a mixed
populatijon of males scme of whom were Known to have
coronary heart disease (C,.H.D) and others who were thought

to be healthy.
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MATERIALS AND METHODS.

Clinical Material.

For the purposes of examining relationships bhetween
C.H.D. "risk factors” and plasma fibrinolytic activity 1in
subjects with clinically significant CuH.D., a droup of
men with positive evidence of occlusive coronary artery
disease was recruited. These men were designated C,H.D.
patients.

The patient group was made up of men aged between 30

and 69 years, who had angiographic evidence of coronary

heart disease. Coronary andiography was carried out using

either the Jdudkins' (Judkins 1967) or Sone's (Sone and
ShirlLey 1962) technigue. Lleft venitriculography was
performed and views of the right coronary artery were
obtained in the left anterior oblique, the Left lateral
and the right anterior oblique positions. Views of the
left corcnary artery were obtained iﬁ these positions and
in the posterior anterior position.

Patients with evidence of any other systemic disease
were carefully excluded. In particular, patients with
evidence, or a history suggestive of, diabetes mellitus,
peripheral vascular disease or malignancy Were not
studied. No patient who had had an invasdive procedure
within the preceding month was studied and patients who

had evidence of myocardijal infarction within the preceding
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four weeks were not examined., Patients taking medication
for any complaint other than their C.H.D. were excluded.
Patients taking non-steroidal anti-inflammatory agents,
antiptatelet agents,lipid Lowering agents, nicotinic acid
derivatives or anagbolic steroids were not studied.

Initiatly, it had been the intention also to exclude
patients taking P adrenergic blocking agents but dt
rapidly became evident, that so common is the usage of
these agents in patients with known or suspected C.H.D,
that it would have proven impossible to recruit enocugh
subjects not taking F adrenergic a2gents for participation
in this study.

Fortunately, however, it was possible to examine 1in

a small, separate, double blind study the Levels of'

plasma fibrinolytic activity in a group of post-myocardial
infarction malte patients taking a standardised dose of
Propranolol and compare them with a similar group of men
taking a placebo. (Davidson et al 1979). This small study
demonsirated that there were no significant differences in
pltasma fibrinolytic¢ activity, resting or after'fifteen
minutes venous occlusion when patients taking Propranolot
were compared with patients taking a placebo.

Patients considered suitable for dnclusion were
interviewed and the study outline was explained to them.
Atl patients included in the study witlingly gave thedir
informed consent to participate.

In some instances, for the purposes of analysis the

patient group has been subdivided inte c¢igarette smokers
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and non—smokers and into those deemed to have a noermat

plasma lipid profile and those who had evidence of a

plasma Lipid abnormality. These classifications were made

exactly according to the definitions set out in Chapter
VI1 for subgrouping the Controls.

As in thelcontroL group, the "abnormal Lipid"
subgroup c¢ontained individuals with minor Llipid
abnormality only, those individuals with severe
abnormality being excluded from the study, None of the
patients studied were taking Llipid-lowering drugs.

Where controls have been included in the analysis
reported in this Chapter the Controls were as previously
described (Chapter VII).

TabLe)SZ shows the composition of the whole group of
patients and controls detailing the numbers recruited into

each subgroup decade by decade.

Methods.

-—— e ww -
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Using a fibrin plate method, plasma fibrinolytic
activity was measured in euglobulin fractions prepared
from plasma collected from resting subjects and after
Ififteen minutes venous acclusijon.

For details of sample collection and preparation, the
venous occlusion test, preparation of the euglobulin
fraction, the fibrin plate assay method and statistical
methods see Chapter V.

e W e e b e - - —— e - -

On two separate occasions, at least one month apart,
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TABLE 52.
Age = yrs. 30~39 LD~49
PATIENTS:
Normat Lipid-non-smoker 4 24
~smoker P 22
Abnormat Lipid-non-smoker 3 16
~smoker 4 12
CONTROLS:
Normal Llipid=non—smoker 25 13
~smoker 9 16
Abnormal Llipid=non-smoker 3
-smoker 10

50-59 6£0-69

43 6
20 4
10
8 a
12
3

Composition of patient and control groups showing

the number of men in each subgroup.




fasting blood Lipid levels were measured. Prior to
testing, the subjects were fasted for twelve hours. For
details of procedure and methods used for measuring

cholesterol and triglycerides see Chapter VII,

Ethicat Permission.

oy . A B m =R M kA e M A

Ethical permission was sought and granted, for this
study, by the Greater Glasgow Health Board's Eastern

District Ethical Committee.

Tables.
To facilitate reading, the Tables of results in this
Chapter have been collected together in groups and appear

at the end of each relevant section of text.
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AGE AND FIBRINCLYTIC ACTIVITY.

The relationship between age and pLasmé fibrinolytice
activity was examined, firstly in a mixed population of
273 men aged between 30 and 59 years, 168 of whom had
angiographic evidence of C.H.D. (patients) and 105 of whom
were clinically free of evidence of C.H.D. (controls) and
secondly, separately, in the group of 168 patients known
to have C.H.P. Too few subjects over the age of 59 years
were gstudied to justify inclusion.

The subjects studied were dijvided into groups decade
by decade, (30-39 years, 48-49 years and 50-59 years)
according to their age at the Llast birthday preceding
first entry to the study.

Onhe hundred and sixty five of these subjects were re-
examined one to six months after their first tests (79
contyols and 86 patients). The distribution eof subjects

in each decade subgroup is shown in Table 52.

The relationship between age and fibrinclytic
activity in all subjects aged 30-59 years 4s shown 1in
Table 53. The mean resting fibrinolytic activity was
significantly Lower 1in 40-49 year olds than in 30-39 year

olds and lower than in 50-59 year olds - although this




latter result was statistically significant only 1in those
subjects tested at Test 2.

The mean occluded fibrinolytic activity was greater
{(but not significantly) in 30-39 year olds than in 40-49
year olds.

The mean occtuded fibrinolytic activity {n the 50-59
vear olds was significantly éreater than in the 40~49 year
olds. This was associated with a_significantly greater
mean increment in fibrinotytic activity after 15 minutes
venous occlusion in the older subjects.

C.HaD. Patients.

When the patient group was studied separately (Table
54), no differences were found in mean resting
fibrinolytic éctivﬁty‘betueen the 30-39 year olds and the
40-49 year olds. The 30-59 year olds had higher mean
resting fibrinolytic activity than the younger patients
but this reached statistical significance only at Test 2.
The mean fibrinolytic activity post occlusian and the mean
fibrinolytic increment did not differ significantly
between the 30—39 year olds and the 40-49 year olds but
the 50-59 year olds did show a statistically significantly
greater response to venous occlusion {in terms of both
mean cccluded fibrinolytic activity and mean increment)
than the 40-49 year olds. (Table 54).

As with the conterol group (Chapter VII), the C.H.D.
patients were subdivided into smokers and non-smckers and
into groups of those who had a normal plasma L{ipid profile
and those with evidence of plasma Lipid abnormality. The

number of subjects in each of these subgroups Wwas very




small aéd only Llimited comparisons were possibfe.

The mean plasma fibrinolytic activities resting,
atter 15 minutes venous ochugion and the increment ‘are
shown in Table 55 - Téble 58 (TasLe 55 non~smeking, normal
lipid patients; Table 56 smoking, normal lipid patients;
Table 57 non—-smoking, abnormal Llipid.patients; Table 58
smoking, abnormal Llipid patients),

In none of these four subgroups of patients was there
any difference noted in mean fibrinolytic activity
(resting, occluded or increment) between successive decade
groups which was statistically significant at both Test 1

and Test 2.

'EQEEQEE:

As already mentioned, age 1is oane of the most
important C.H.D. "risk factors”. 1Indeed the influence of
age on the incidence of C.H.D. s reflected in the
composition of the groups of subjects studjed (Table 52) -
the patients with C.H.D. belonging more Tfrequently in the
age range above 40 years than in the younger range
studied,

When a mixed population of healthy men and men with
C.HaD. was studied, there was reproducible and significant
evidence that resting fibrinolytic activity fell from the
Level measured in the thirty yeaf olds to that found in
the forty year aolds - concurring with the observations of
Meade et al (1977) and with the findings in the healthy

control group reported in Chapter VII.




As in the control group reported in Chapter VII
plasma fibrinoLytiC_activity at rest in the 50~59 year
oltds uas.simitar to that in the 40-49 year olds.

Interestingly the response to venous o¢clusion was
significantly greater in the 50-59 year olds than in the
younger subjects.

When the men uitﬁ C.H.D. were examined separately,
the thijrty year olds were no longer found to have
signifTicantly greater fibrinolytic activity than the forty
year olds. This may be because the group of 30 year olds
with C.H.D. was smatl, but more Likely reflects the fact
that half of these very young C.H.D. patients had elevated
LeQeLs of plasma triglyceride.

In the C.H.D. pétients,'resting fibrinolytic activity
and the fibrinolytic response to venous occlusion was
greatest in the 50~-59 year olds. The reason for this is
not entirely clear. The proportion of 50 year olds with
.elevated plasma Lipid tevels was Lower (18 out of 813 than
in any other age group (28 out of 74, 40-49 year olds and
7 out of 13, 30-39 year olds) and the significance of the
di*ferences in fibrinolytic activity between the 50 year
olds and the younger C.H.D. patients was lost when the
patients with normal Llipid profiles were examined

separately.
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TABLE 53.
TEST 1. TEST 2.
Age=Yrs. 30-39  40-49  S0~-59  30-39  40-49  50-59
REST. % 12.2 10.8 11.3 12.3 1.0 11.8
FoA: n 52 116 105 38 58 68
' SD 2.5 2.8 2.5 2.3 1.9 2.2
P . <,0025 NS <.0025 <.025
0CCL., X 22.4 21.0 23 .5 23.0 22.0 25.1
F.A. n 50 113 102 38 52 65
' SD 6.8 7.7 7.8 6.3 6.9 6.7
p NS <.005 NS <.01
INCR. X 10,2 10.2 12.2 10.7 10.6 13.3
FoA. n 50 113 102 38 51 65
SD 6.1 6.8 6.6 4.9 6.7 5.8
P NS <.025 NS <.01

The relationship between age and fibrinolytic
activity (F.A.) resting after 15 minutes venous
occlusion'énd the increment (occluded-resting) 1in
the _whole group_of patients_and controls. The

mean diameter of Lysis (mm) is shown for each
decade at Test 1 and at Test 2 along with the P

values for comparisons of means for succesive
decades.




TABLE 54.

TEST 1. TEST 2.
Age-Yrs. . 30-39  40=49  50~59  30~39  40-49  50-59
REST. X 10,3 10.3  10.9 10.4 10.5 11.6
F.A. h 13 74 81 3 33 50
D 2.3 2.9 2.3 2.1 3.3 3.5
P NS NS NS <.0%
0CCL. B 18,3 20.2 22.9 21.2 21.7 25.4
F.A. n 11 71 78 3 28 47
SD 8.6 8.0 8.2 8.6 7.2 6.6
P NS <.025 NS <.025
INCR. % 7.8 9.8 12.0 10.8 10.6 13.8
F.A. n 11 71 78 3 28 47
SD 8.4 7.0 7.0 6.8 6.3 6.0
P NS <.05 NS <.025

The relationship between age and fibrinolytic
activity (F.A.) resting after 15 minutes venous
ocelusion and the increment {occluded-resting) in
the C.H.D. patients. The mean diameter of Llysis
(mm) is shown for each decade at Test 1 and at
Test 2 along with the Pvalues for compa?isons of

means for succesive decades.




TABLE 55.

TEST 1. TEST 2.
Age-Yrs. 30-39  40-49  50-59  30-39  40-49  50-59
REST. X 9.9 10.3 11.2 10.4 10.6 12.4
F.A. n 4 24 43 3 11 27

Sb 1.7 2.0 2.2 2.1 1.3 1.6
p NS NS NS <.0025
oCCL . X 26.8 21 .4 23 .7 21.2 22.7  26.5
F.A. n 3 21 41 3 10 26
Sb 3.5 7.9 A 2.6 7.0 6.4
p NS NS NS NS
INCR. X 16 .4 10.9 12.6 10.8 11.9 14 .1
F.A, h 3 21 41 3 10 26
' SD 5.1 6.9 7.2 6.8 6.4 5.9
p NS NS NS NS

The relationship between age and fibrinolytic
activity (F.AJ) resting after 15 minutes venous
occtusion and the dincrement (occluded-~resting) in
diameter of Llysis (mm)> is shown for each decade at
Test 1 and at Test 2 along with the P values for

cemparisons of means for succesive decades.
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TABLE 56.
TEST 1. TEST 2.
Age-Yrs. 30-39  40-49  50-59  30-39  40-49  50-59
REST. X 10.1 10.3 11.0 - 11.6 10.3 ]
FoAe o 2 22 20 0 7 12 3
| SD 0.1 3.5 2.9 - 3.2 1.5 A
P NS NS ~ NS #
occL. X 19.1 22.1 23.8 - 23.0 26,1
Foh. n 2 22 19 0 6 11
' $D 8.3 8.9 8.2 - 8.6 6.4
P NS NS - NS
INCR. X 9 11.8  12.7 - 11.0 15.9
Fuho D 2 22 19 0 6 11 E
SD 8.2 7.6 7.1 - 6.9 6.1 “
P NS NS ~ NS

The relationship between age and fibrinolytic
activity (F.A.) resting after 15 minutes wvenous
occlusion and the dincrement (dchuded-resting) in
diameter of Lysis {mm) is shown for each decade at

Test 7 and at Test 2 atong with the P values for

comparisons of means for succesive decades.




TEST 1. TEST 2.
Age-Yrs. 30~39 40-49 50~59 30~39 4049 50-59
REST. X 9.1 10.7 9.5 - 11.3 10.4
F.A. 3 16 10 0 9 7
Sb 1.8 2.6 2.4 - 2.2 1.8
P NS NS - NS
oCCL. X 13 18.9 18.4 - 19.8 21.8
Fobu n 3 16 10 0 7 &
SD 1.7 7.9 7.9 - 7.8 6.2
P NS NS - NS
INCR. X 3.9 8.2 8.8 - 8.2 11 .4
F.A. n 3 16 10 0 7 6
SD 9.9 6.9 6.3 - 5.8 4.9
p NS NS - NS '

TABLE 57.

The relationship between age and fibrinotytic
activity (F.A.) resting after 15 minutes venous
occlusion and the increment (occluded-resting) in
mean diameter of lysis (mm) 4s shown for each
decade at Test 1 and at Test 2 along with the P
values for comparisons of means for succesive

decades.

Sy




TABLE 58.
TEST 1. TEST 2. b
Age-Yrs. 30-39  40-49  50-59  30-39 LD-~49 5059
REST. X 12.1 9.8 10.3 - 10.2 11.4
FoA. n 4 12 8 g 6 A
1) 3.7 2.1 0.8 - 1.9 1.9
P NS NS - NS
0CCL. X 14.5 16.2 21.9 - 21 21 .1
F.A. h 3 12 8 0 5 4
SD 1.3 5.8 7.1 - 6.7 7.9
P NS NS - NS
INCR. % 2.4 6.5 11.6 - 10.7 9.7
FL.A. n 3 12 8 0 5 4
$D 4.2 5.2 6.8 - 7.0 6.6
P NS <0.0% . - NS
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The relatjonship between age and fibrinolytic
activity (F.A.) resting after 15 minutes venous
occlusion and the increment (occluded~resting) 1in
mean diameter of Lysis (mm) is shown for each
decade at Test 1 and at Test 2 along with the P

values for comparisons of means for succesive

decades.




CIGARETTE SMOKING AND FIBRINOLYTIC ACTIVITY.

Evidence for an effect of cigarette‘smoking_on
fibrinolytic acpivity was sought by measuring plasma
fibrinolytic activity resting and after 15 minutes venous
ochQsion and calculating the increment in a group of 289
men aged between 30 and 69 years, 169 of whom Qere non-
smokers anﬁ 120 of whom smoked cigarettes. One hundred
and twelve of the non~smokers had proven C.H.D, and 57
were believed to be healthy. In the group of smokers
there were 72 patients known to have C.H.D., and the

remaining 48 were "controls'" (Table 52).

Results.

- v - ———

When all of the non-smokers were compared with all of
the smokers, fibrinolytic activity, resting and after 15
minutes venous occlusion was found to be very similar 1in
the two groups (Table 5%9). The mean fibrinotftic activity
at rest and aftter 15 minutes venous occlusion and the
fibrinolytic increment were all slightly Less 1in the
cigarette smokers than in the nonﬂsmoking-group, but these
differences never approached statistical significance.

When the results found in the non~-smoking patients
with C.H.D. were compared with the results found +in the
cigarette smoking patients, mean resting fibrinolytic

activity was found to be Lower in the smokers than 1in the




»

non-smokers but this was statistically significant only at
Test 2 and only at the P <0.05 level (Table 60}. No other
significant differences were fouﬁd in plasma fibrinolytic
activity uhen.aLL the non~smoking patients were compared
with all the smoking patients.

The patients were subdivided into those Wwith a normal
plasma Lipid profile and these with evidence of plasma
Lipid abnormality. Within these subgroups, the only
statistically significant difference detected between the
smokers and the non-smokers was in the subgroup of
patients with a normal plasma Llipid profile, where resting
plasma fibrinolytic activity was found to be significantly
greater in the non-smokers than in the smokers = but only
at Test 2 (Table 61).

In the subgroup of patients with abnormal plasma
lipids, no significant differences were detected in the
fibrinolytic activity found in smokers and non-smokers

(Tahle 62).

tomment

Cigarette smoking 4s accepted as a major "risk
factor” for C.H.D, and we were particularly interested in
the possibility that c¢cigarette smoking may be associated
with altered fibrinolytic activity. However, no
reproducible significant difference has been found in the
Level of fibrinolytic activity, either at rest or in
response to venous occlusion, when cigarette smokers were

compared with non-smokers.
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TABLE 59.
FoA. NON-SMOKERS. SMOKERS «
Lysis-mm x n SD x n Sb t P
TEST 1
Rest. 11.3 169 2.6 11.2 120 2.9 0.217 NS
Occl. 22.7 163 7.7 21.7 120 1.3 1.290 NS
Incr. 11.4 163 6.7 10.5 149 6.6 1.189 NS
TEST 2
Rest. 11.8 109 2.2  11.3 66 2.1 1.293 NS
Occl. 24.0 104 6.6 22.9 62 7.3  0.960 NS
Tner. 12.1 103 5.5  11.5 62 6.5 0.568 NS

Mean plasma fibrinolytic activity (diameter of
tysis-mm) resting, after 15 minutes venous

occlusion and the increment (occluded-resting) at

A e e W T Wm e Wb v e e e e Al -

smokers showing t and P values for comparison of

the means at corresponding test points.




TABLE 60.

FLA. NON-SMOKERS. SMOKERS.

Lysis-mm X = n sp % n SD t P

TEST 1

Rest. 10.8 110 2.6 10.6 72 2.8 0.525 NS

occl. 22.4 106 8.6 21.3 72 8.0 0.659 NS

Ince. 11.3 106 7.3  10.7 71 7.1  D.562 NS

TEST 2

Rest. 14.5 65 2.0 10.8 32 2.0 1.668 <0.05

occl, 24 .3 59 7.0 23.9 28 7.0 0.332 NS
6.1

Incr. 12.7 59 12.9 28 6.5 0.156 NS

Mean plasma fibrinolytic activity (diameter of

Lysis~mm) resting, after 15 minutes venous

occlusion and the increment (occluded-resting) at
two test points (1 and 2) ip_all_the_C.H.D,
showing t and P values for comparison of the

means at corresponding test points.




TABLE 61.

F.A. - NON-SMOKERS. SMOKERS.

Lysis~mm X n SD X n Sb t
TEST 1

Rest . 10.9 77 2.6 10.7 48 3.2 0.495
Occl. 23.3 73 8.4 22.7 48 8.3 D.421
Incr. 12.3 73 7.2 11.9 47 7.1 0.259
TEST 2

Rest. 11.9 46 1.8 10.8 21 2.2 2.03
ocel. 25.5 44 6.7 24.8 18 7.0 0,348
Incr. 13.6 44 6.0 14.0 18 6.5 0.227

Mean plasma fibrinolytic activity (diameter of
Lysis~mm) resting, after 15 minutes venous
occlusion and the increment (occcluded-resting) at

two test points (1 and 2) in_the _normal_Llipid,_

— e — Ay A ke A - A -

o A ey Al e Aih Al o

showing t and P values for comparison of the

means at corresponding test points.
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NS
NS
NS

<0.023
NS
NS




TABLE 62.

F.A. NON-SMOKERS. SMOKERS.

Lysis=-mm X n Sp. X n SD t
TEST 1

Rest . 10.3 33 2.4 10.3 24 2.0  0.080
occl. 19.4 33 8.5 18.5 24 6.7 0.459
Incr. 9.1 33 7.2 8.2 24 6.6 0.489
TEST 2

Rest. 10.7 19 2.1 10.8 11 1.8 0.094
ocel. 20.8 15 6.9 21.8 10 6.9 0.372
Incr. 10,0 15 5.4 10.9 10 6.4 0.409

Mean plasma fibrinolytic activity (diameter of
Lysis~mm) resting, after 15 minutes venous
occlusion and the increment (occluded-resting) at

A e A da At - v e P g b W e A

. e -

showing t and P values for comparison of the

means at corresponding test points.

NS
NS
NS

NS
NS
NS
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PLASMA LIPIDP LEVELS AND FIBRINOLYTIC ACTIVITY.

In the population examined, fairtbty ;ide ranges of
plasma cholesterp[ and plasma triglyceride levels Wwere
recorded. This was partly a manifestation of the normal
age-retated variation in plasma Llipid Levels but also the
result of inclusion, within the population stﬁdied, of a
number o% subjects with frankly elevated levels of plasma
cholesterol or triglyceridea

PLasma fibrinolytic activity resting and after
fifteen minutes venous occlusion was measured and the
increment calculated in a mixed population of men aged
between 30 and 69 years some of whom were healthy and sone
of whom had positive evidence of C.H.D.

Samples for plasma cholesterol. and triglyceride
assays were drawn at the time the samples for resting
fibrinolytic activity were being collected. Ninety four
patients with C.H.D. and seventy five control subjects had
a second set of fibrinolytic tests and plasma Lipid
assays, carrjed out one to six months after initial
testing.

Relationships between the levels of plasma
cholesterol and fibrinolytic activity and plasma

triglyceride and fibrinolytic activity were sought.
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Results.

- e i A D0 A m e A

When the total population of men was examined, post-
occtusiaon plasma fibrinolytic activity was found to be
significantly negatively related to the plasma cholesterol
Level at both test points (Table 63). Resting plasma
fibrinolytic activity and the fTibrinolytic inerement were
atse significantly negatively related to plasma
cholesterol Levels but only in those subjects examined at
Test 2 (Table 63).

The relationship hetween plasma fibrinolytic activity
and plasma triglyceride levels was even more evident.
Resting fibrinolytic activity, past-occlusion fibrinolytic
activity and the fibrinolytic increment were all highly
significantly negatively related to the plasma
triglyceride levels. (Tabhle &4),

When the group of patients with proveﬂ C.H.D. was
examined separately no Signi%icant relationship between
plasma fibrinolytic and plasma cholesteral Levels were
found at Test 1 but in the 94 patients examined at Test 2,
resting fibrinolytic activity, post-occlusion fibrinolytic
activity and the fibrinolytic increment were all
significantly negatively related to plasma cholesterol
Levels (Table 65). As in the mixed population, the
patient group demonstrated strong negative relationships

between plasma triglyceride lLevels and resting plasma




fibrinofytic activity, post~occlusion plasma fibrinolytic
activ{ty and the fibrinolytic increment (Table 66).

The patient group was subdivided into those who were
current cigarette smokers and non-smokers,

In the subgroup of non-smoking C.H.D. patients,
resting plasma %ibrinoLytic activity, post-occlusion
plasma 'fibrinoLytic: activity and the fibrinolytic
increment were all found to be negatively related to
plasma cholesterol Levels but as in the patient group as a
whole this was statistically significant only in those
patients examined at Test 2 (Table 67). In the non-
smoking C.H.D. patient negative relationships between
plasma triglyceride Levels and resting plasma fibrinolytic
activity, peost-oc¢clusion plasma fibrinolytic activity and
the fibrinolytic dincrement were ohserved as in the patient
group as a whole (Table 68).

In the subgroup of C,H.D. patients who were cigarette
smokers, no significant relationships were found between
plasma cholesterol tevels and plasma fibrinolytic activity
(Table 69). The plasma triglyceride lLevels were found to
be significantly negatively related to the fibrinolytic
increment but only at the P <.025 (Test 1) and P <.05
(Test 2 Llevel, and to the post~occlusion plasma
fibrinolytic activity but only at the P <.025 lLevel and

only at Test 1 (Table 70).
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tomment.

It seemns clgar that relationships exist between the
level of fibrinolytic activity detected in plasma and the
co~existing plasma Lipid tevels.

Plasma fibrinoiytic activity at rest and after venous
occlusion is clearly related to the ptasma triglyceride
lLevel when a mixed population of men is studjed.
Interestingly hoewever the relationship between resting
fibrinelytic actjvity and triglyceride level s no Longer
evident when a selected group_of male smoking C.H.D.
patients are studied.

ps in the control group, relationships between plasma
fibrinolytic activity and cholesterol levels are Lless

evident.
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TABLE 63.
CHOLESTEROL I.YSIS DIAM,
mmol/L MM«
X SD X $D n - r t P

TEST 1
Rest. 5.9 1.2 11.2 2.7 281 ~.087 1.47 NS
Qccl. 5.9 1.2 2244 7.7 277 -.103 1.71 <.05
Incr. 5.9 1.2 11 .1 6.7 276 ~=.088 1.46 NS
TEST 2
Reste. 5.7 1.2 11.6 2.2 169 ~.254 3.39 <,0005
Occl, 5.7 1.2 23.8 6.8 160 =.199 2.53 <,01
Incr. 5.7 1.2 12.0 5.9 159 =—~.158 2.01 <.025

Mean values for cholestercl {(mmol/L) and plasma
fibrinolytic activity (diameter of Llysis—-mm)
resting, after 15 minutes venous occlusion and the

increment (occluded-resting) in ithe whole_group

e v o i e WO ek b A -

Test 2 showing the correlation coefficient r aleong
with its t and P values for comparisan of
cholesterol and fibrinolytic activity at each test

peint.
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TABLE 64, A

TRIGLYCERIDE LYSIS DIAM.. _gi

mmol /L mmn. i

X D % SD n r t P H

TEST 1 :

Rest. 2. 1.4 11.2 2.7 283 ~-.102 1.72 <.05 '

oecl. 2.0 1.4 22.4 7.7 277 ~.247 4.23 <,0005 ¢

Incr. 2.0 1.4 11.1 6.7 276 =~.244 4.16 <.DDOS :

TEST 2 E

Rest. 2.0 2.0 11.5 2.6 169 -.403 5.69 <.0005 5

occl. 2.0 2.0 23.8 .8 160 ~-.303 4.00 <.0005 %
Incr. 2.0 2.0 12.0 5.9 159 =~.244 3.16 <.0025

Mean values for triglyceride (mmol/L) and plasma
fibrinolytic activity (diameter of lysis-mm)
resting, after 15 minutes venous acclusion and the

increment (occluded—-resting) in the whaole_group

_—— el .
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Test 2 showing the corretation coefficient r

along with its £t and P values fo¢r comparisocen of
triglyceride and fibrinalytic activity at each
test point.




TABLE 65.

CHOLESTEROL LYSIS DIAM.

mmol/L mm.
X SD % SD

TEST 1

Rest. 6. 1.3 10.7 2.7
gccti. 6. 1.3 21.8 8.4
Incr. 6. 1.3 11 .1 7.3
TEST 2

Rest . 6.1 1.2 11.2

Ocel. 1.2 24 .2 7.0
Incr. 6.2 1.2 12.9 6.1

n

179
173
172

24
84
84

-026
-.039
-.061

-~ .22
-~<314
"-282

0.34
0.52
0-81

2.17
3.00
2.66

Mean values for cholesterol (mwmol/L) and plasma

fibrinolytic activity (diameter of Llysis—mm)

resting, after 15 minutes venous occlusion and the
Ca.H.D.

increment (occltuded~resting) in the

oy - A P . yh in W Ty - —— by v

showing the correlation coefficient r along
Wwith its t and P values for comparison of

cholesterocl and fibrinolytic activity at each

point.

Ltest
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NS
NS
NS

b
b2
2.
i
'.-).

<25
<.0025
<.005
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TEST

Rest.
Qccl.

Incr.

TEST
Rest.
Ocel.

Incr.

TABLE
TRIGLYCERIDE
mmol/L
X . SD x
1
2. . 10.7
2.2 1. 21.8
2.2 a5 11 .1
2
2. 11.2
2.2 2h .2
2a -5 12.9

Mean values for triglyceride (mmol/L) and plasma

66.

mﬁ]l
8P

LYSIS DIAM.

n

179
173
172

94
B4
84

~.053
~.220
~.234

~.300
~ 297
-.241

0.71
2.95
3.14

3.02
2.81
2.25

fibrinolytic activity (diameter of lysis-mm)

NS
<.0025
<.0025

<.0025
<.0D5
<.025

resting, after 15 minutes venous occlusion and the

increment {occluded-resting)

e b

correlation coefficient r along with
values for comparison of triglyceride and
fibrinolytic activity at

in the C,H.D.

each test point.

its t and P




TEST

Rest.
Occl.

Iincr.

TEST
Rest.
Occl.

Incr.
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TABLE 67 .

CHOLESTEROL I.YSIS DIAM.

_ mmoti/L mme.

X SD X $D n r t P

1
6.1 1.2 10.8 2.6 110 ~.014  0.15 NS
6.1 1.2 22.1 8.6 104 ~.055 0.56 NS
6.1 1.2 11.3 7.4 106 -.063 0.49 NS

2
6. 1.1 11.5 2.0 63 -.265 2.15 <.0D25
6. 1.1 24.3 7.1 57 —.329 2.58 <.01
6.1 1.1 12.7 6.0 57 ~.286 2.21 <.025

Mean values for cholesterol (mmol/L) and plasma
fibrinolytic activity (diameter of Lysis—amd
resting, after 15 minutes venous occlusion and the
C.HuDs_patients at Test 1 and at Test 2 showing the
correlation cocefficient r along with its t and P
values for comparison of cholesterol and

fibrinolytic activity at each test point,
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TABLE 68.

TRIGLYCERIDE LYSIS DIAM

mmol /L mm.,

X 5D x 5D n r t P
TEST 1
Rest. 2.1 1.5 10.8 2.6 110 -.050  0.52 NS
Occl., 2.2 1.6 22.1 8.6 104 ~-.197 2.03 <.025
Incr. 2.2 1.6 1.3 7.4 104 ~.212 2.19 <.025
TEST 2
Rest. 2. 2.7 11.5 2.0 63 ~.407  3.48 <.0005
occl. 2. 2.9 24.3 7.1 57 -.303 2.36 <.0125%
Incr. 2. 2.8 12.7 6.0 57 -.219  1.67 <.05

Mean values faor triglyceride (mmol/L) and plasma
fibrinolytic activity (diameter of Llysis—-mm)
resting, after 15 mijnutes venous occlusion and the

increment {(occluded-resting) in the npon=smoking

- ——— — - s —

correlation coefficient r along with its t and P
values for comparison of triglyceride and

fibrinolytic activity at each test point.




TABLE 69.

CHOLESTEROL LYSIS DIAM.

mmol/L mm .
x SD X SD n r t

TEST 1

Rest. 6.t 1.5 10.6 2.8 69 L073  0.60
occl. 6. 1.5 21.4 8.0 69 .018 0.15
Incr. 6. 1.5 10.8 7.2 68 ~.060 0.49
TEST 2

Rest . 6. 1.5 10.7 1.9 31~ 141 0.77
Ocel. 6. 1.5  23.9 7.1 27 ~.304  1.59
Incr. 6.3 1.5 13.2 6.4 27 =.295 1.54

Mean values for cholesterol (mmol/L) and plasma
fibrinolytic activity {(diameter of lysis=~mm)
resting, after 15 minutes venous occlusion and the

increment (occluded~resting) in the smgoking

corretation coefficient r along with its t and P
values for comparison of cholesterol and

fibrinolytic activity at each test point.

NS
NS
NS

NS
NS
NS
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TABLE 70.

TRIGLYCERIDE LYSIS DIAM.

mmol/L mm.

X 5D X SD n r t P
TEST 1.
Rest. 2.2 1.5 10.6 2.8 69 =-.056 0,46 NS
Occl. 2.2 1.5 21 .4 8.0 69 -.259 2.19 <.025
Incre 2.2 1.5 10.8 7.2 68 -.270 2.28 <.,025
TEST 2. |
Rest. 2«3 1.7 10.6 1.9 31 042 D.25 NS.
Occl. 2eh 1.8 21 ute 7.1 27 ~.299 1.56 NS
Incra 2.4 1.8 13,2 6.4 27 -~.340 1.846 <.05

Mean values for triglyceride (mmol/L) and plasma ';
fibrinelytic activity (diameter of lysis-mm) ;
resting, after 15 minutes venous occlusion and the =
increment {occluded~resting? in the smoking

CaH.D. patients at Test 1 and at Test 2 showing the
correlation coefficient r along with its t and P
values for compariscen of triglyceride and

fibrinolytic activity at each test point.




BI.LOOD PRESSURE AND FIBRINOLYTIC ACTIVITY.

Atthough a range of blood pressures was recorded in
the subjects dincluded in»this study, no hypotensive
individuals were found and, for practical reasons,
patients With severe hypertension were excluded. It wWas
consjdered that a sphgmomanometer cuff inflated to a
pressure exceeding 110 mm of mercury would prove
intolerably painful if the pressure was maintained for the
15 minutes required for the venous occlusion test.
Patients with diastolic blood pressures of more than 100
mm of mercury were therefore excluded.

PLasma fTibrinolytic zctivity resting and after
fifteen minutes venous occclusion was measured and the
increment calculated in 287 men aged between 30 and 69
years, 182 of whom had angiographic¢ evidence of C.H.D. and
105 of whom were clinically healthy controls. ©One hundred
and seventy Qne of these men (95 C.H.D. patients and 76
controls) were retested one to six months after this
initial fibrinolytic assessment.

At each visit, the subject's resting, supine blood
pressure was carefully checked immediately prior to blood

sampling.
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Results.

o b e e e a  a m —

No significant relaticonships were found between

plasma fibrinolytic activity, resting or after fifteen
minutes venous acclusion, and systolic blood pressure but,
perhaps not surprisingly, the fibrinolytic increment was

found to be significantly positively related to systolic

blood pressure (P <,.02%5 at Test 1 and P <.05 at Test 2 =
Table 71).

Resting plasma fibrinolytic activity was found to be
highly significantly (P <.005) negativetx related to the
diastolic blood pressure at both test points but no
significant relationships were found between either the
post occlusion plasma fibrinolytic activity or the
fibrinolytic increment and diastolic blood pressure (Table

72) .

C.HaD. Patients.

When the patients with angiographic evidence of
C.H.D. were examined separately, no significant v
relationships were found between plasma fibrinolytic

activity and systalic blood pressure (Table 73} and

although at both test points resting plasma fibrinolytic %z
actjvity was negatively related to diastolic blood “
pressure this was statiscally significant only at Test 2 %
and only at the P <.05 level. (Table 74). Diastolic blood
pressure was not significantly related to the plasma

fibrinolytic activity detected after 15 minutes venous




occlusion.

When the patient group was divided into those who
were cigarette smokers and those who were non-smokers, no
significant relationships were found between plasma
fibrinolytic activity and blood pressure - systolic or
diastolic - in either the non-smokers or the smokers
(Tables 75~78),

The C.H.D. patient group was further subdivided into
those Wwith normal plasma tipid profiles and those with
evidence of plasma Lipid abnormality. Systolic blood
pressure was found to be signficantly positively related
to the fibrinolytic increment in those patients who had
normal plasma Llipids, both in the non—smokers and in the
smokers but in each subg;oup thi§ was observed at one test
point only (Tales 79 and 80). No significant
relationships were found between plasma fibrinolytdic
activity and systolic blood pressure in the patients with
abnormat plasma Llipid profiles (non—-smokers Table 81 or
smokers Tahle B82).

Resting plasma fib;inoLytic activity was found to be
negatively related te the diastolic blood pressure in
those patients with normal plasma Lipid profiles (non-
smokers Table 83, smokers Table 84) but this attained
statistical significance only in the subgroup of patients
who smoked and had normal Lipids and in them only at Test
1 and at a P value of <.05 (Table 84).

No significant relationships were found between
plasma fibriqotytic activity and diastolic bitood pressure

in those patients with abnormal plasma lipid profiles who
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were nan—-smokers (Table 85) or who were smokers ({abLe

867 .

Lomment .

As in the control group reported in Chapter VII, neo
significant and reproducibte relationghip was Tound
between systolic blood pressure and fibrinolytic activity
when a group of men with C.H.D. was examined., In a mixed
population of men with C.H.DP. and healthy men the
relationship between diastolic blood pressure and resting
fibrinolytic activity noted 1in Chapter VII was again
found. However, this relatjonship could not be
demonstrated reproducibly significantly when the C.H.D.

patients were examined separately.
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TABLE 71.

SYSTOLIC BP.  LYSIS DIAM.
' 'mm Hg mm.'

X SD % SD n r t P
TEST 1.
Rest. 129.8 14.6 11.2 2.7 287 ~.065 1.10 NS
occl., 130.0 14.6 22.3 7.7 282 .086  1.45 NS
Incr. 130.0 14.6 11.0 6.7 281 132 2.22  <.025
TEST 2.
Rest., 129.3 14.4 11.6 2.2 171 =-.086 1.13 NS
Occl. 129.9 14.2 23.6 6.8 162 .081  1.03 NS
Incr. 129.9 14.2 11.8 5.9 161 150 1.9%1 <.05

Mean values for systolic blood pressure (mm

mercury) and plasma fTibrinolytic activity
(diameter of lysis-mm) resting, after 15 minutes

venous oc¢lusion and the increment (occluded-

L e R e o e

e e T -

correlation coefficient r along with its t and P
values for comparisen of systolic pressure and
fibrinolytic activity at each test point.




TABLE 72.

DIASTOLIC BP. LYSIS PIAM.

mm Hg nm .
X SD X SD n r t

TEST 1.

Rest. 85.0 9.6 11.2 2.7 287  ~.153  2.61
occl. 85.0 9.7  22.3 7.7 282 .019 0.31
Incr. 84.9 9.7  11.0 6.7 281 .081  1.35
TEST 2.

Rest. 83.9 8.7 11.6 2.2 171 -.203  2.69
0ccl. 83.9 8.8 23.6 6.8 162 =.013  0.17
Incr. 84.0 8.8 11.8 5.9 161 064  0.81

Mean values for diastolic blood pressure (mm
mercury) and plasma fibrinolytic activity
(diameter of lysis—-mm) resting, after 15 minutes

venous occlusion and the increment (occluded-

- s Ak A oy et P e e A e AL M WD e v e v e W e —

correlation coefficient r along with its t and P
values for comparison of diastolic pressure and

fibrinolytic activity at each test point.
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NS
NS
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TABLE 73.

SYSTOLIC BP LYSIS bIAM.

min Hg mm

X $D X SD n r t P
TEST .1
Rest, 130.3 15.0 10.7 2.7 182 =-.096 1.31 NS
Ocel. 130.7 15.1 21.8 8.3 178  .063 0.83 NS
ince. 130.6 15.1 11.1 7.2 177  .114 1.52 NS
TEST 2
Rest. 130.5 15.0 11.3 2.0 95 ~-.038 0.37 NS
occl. 131.9 14.5 24.1 6.9 85  .056 0.51 NS
Incr.  131.9 14.5 12.7 6.1 85  .103 0.94 NS

Mean values for systolic blood pressure (am
mercury) and plasma fibrinolytic activity

(diameter of lysis -mm) resting, after 15 minutes
venous occlusion and the increment (occluded-
resting? in the C.H.D. patients at Test 1 and at
Test 2 éhowing the correlation coefficient r along
with its t and P values for comparison of systaolic
pressure and fibrinolytic activity at each test

point.




TEST

Rest.
Occl.
Incr.

TEST
Resti.
Dccti.

Incr.
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TABLE 74.
DIASTOLIC BP LYSIS DIAM.
mm Hg mm
X SD x SD n r t P
1
86.0 9.8 1D0.7 2.7 182 -.096 1.31 NS
86.0 10.0 21.8 8.3 178 7.749 0.10 NS
85.9 9.9 T1«1 7.3 177 L040 0.54 NS
2
B4 .6 81 T1.3 2.0 94 -.183 1.78 <.,05
84.8 8.1 24,1 6.9 85 -.064 0.59 NS
84.8 ° 8.1 12.7 6.1 85 9.84 0.09 NS

Mean values for diastolic blood pressure (mm
mercury) and plasma fibrinolytic activity
(diameter of Llysis —-mm) resting, after 15 minutes
venous occlusion and the jincrement (occluded-
resting) in the C.H.D. patienis at Test 1 and at
Test 2 showing the correlation coefficient r along
with jts t and P values for comparison of
diastolic pressure and fibrinolytic activity at

each test point.




TEST

Rest.
Occla
Incr.

TEST
Rest.
Occl.

Incr.

TABLE 75.
SYSTOLIC BP LYSIS DIAM.
mm Hg mm
X 8D X 5D n r t P

1

130.5 15.8 10.8 2.6 110 =.052 0.55 NS

130.8 16.0 22.1 8.6 106  .113 1.16 NS

130.8 16.0 41.3 7.3 106  .158 1.63 NS
2

130.6 15.8 11.5 2.0 65 ~.070 0.56 NS

132.1  15.6 24.3 7.0 59  .029 D0.22 NS

132.1  15.6 12.7 6.0 50  .081 0.62 NS

fean values for systolic blood pressure (mm
mercury) and plasma fibrinolytic activity
(diameter of Lysis -mm) resting, after 15 minutes
venous occtiusion and the increment (occluded=-
resting) in the non-smoking C.H.D. patients at
Test 1 and at Test 2 showing the correlation
coefficient r along with its t and P values for
comparison of systolic pressure and fibrinotlytic
activity at each test peinta
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TEST
Rest.
Ocecl.

Incr.

TEST .
Rest.
Occl.

Incr.
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TABLE 76.

PIASTOLIC BP LYSIS DIAM.

mh Hg mm

X SD X SD n r t p
1

86.1 10.0 10.8 2.6 110 =~.039 0.42 NS

85.9 10.2 22.1 8.6 106  .066 D.67 NS

85.9 10.2 11.3 7.3 106  .087 0.89 NS
2

84.0 8.1 11.5 2.0 65 =-.173 1.39 NS

84.0 8.1°  24.3 7.0 59 ~-.076 0.58 NS

84.0 8.1 12.7 6.1 59 -.036 0.27 NS

Mean values for diastolic blood pressure (mmn
mercury) and plasma fibrinolytic activity
(diameter of Lysis -mm) resting, after 15 minutes
venous occlusion and the increment (occluded-
resting) in the non-smoking C.H.D. patients at
Test 1 and at Test 2 showing the correlation
coefficient r atong with its t and P values for
comparison of diastolic pressure and fibrinolytic

activity at each test point.




TEST

Rest.
Occl.
Incr.

TEST
Resta
Cccl.

Incr.

TABLE 77.
SYSTOLIC BP LYSIS DIAM.
mm Hg mm
X SD X SD n r t

1

1%30.1 13.9 10.6 2.8 72 =171 1.45

130.5 13.7 21.3 8.0 72 -.029 0.25

130.4 13.8  10.7 7.1 71 .D34 D.29
2 .

130.2 13.3 10.9 2.1 30 .030 0.16

131.5  12.1 23.8 6.8 26 .137 0.68

131.5 12.1 12.9 6.4 26 169 0.84

Mean values *or systolic blood pressure (mm
mercury) and plasma fibrinolytic activity
(diameter of Lysis -mm) resting, after 15 minutes
venous occlusion and the increment (occluded-
resting) in the smoking C.H.D. patients at

Test 1 and at Test 2 showing the correlation
coefficient r along with its t and P values far
comparison of systolic pressure and fibrinolytic
activity at each test point.

NS
NS
NS

NS
NS
NS
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TABLE 738.

DIASTOLIC BP LYSIS DIAM.

mm Hg ma

X $D X SD n r t P
TEST 1 .
Rest. 85.9 9.6 10.6 2.8 72 =.171 1.45 NS
occl. 86.1 9.7 21.3 8.0 72 ~.029 0.25 NS
Incr. 85.9 9.7 10.7 7.1 71 .034 0.29 NS
TEST 2
Rest. 85.9 8.0 10.9 2.1 30 .030 0.16 NS
Occt. 86.7 8.1 23.8 6.8 26 .137 0.68 NS
Tncr. 86.7 8.1 12.9 6.4 26 169 0.84 NS

Mean values fTor diastolic blood pressure (mm

mercury) and plasma fibrinolytic activity

(diameter of Lysis -mm) resting, after 15 minutes
venous occlusion and the increment (occluded-
resting) in the smoking C.H.D. patignts at

Test 1 and at Test 2 showing the correlation

coefficient r along with its t and P values for

comparison of diastolic pressure and fibrinolytic

activity at each test point.




» 392

TABLE 79.
SYSTCLiIC BP LYSIS DIAM.
mm Hg ﬁm.

X SD x  SD f p t P
TEST 1
Rest. 128.3 14.3 10.9 2.6 77 .015 0.13 NS
Occl. 128.6 14.6 23.3 8.4 73 .165 1.38 NS
Incr. 128.6 14.6 12.3 7.2 73,192 1.65 <.05
TEST 2
Rest. 130.8 15.4 11.9 1.8 46 -.158 1.06 NS
ocel. 131.0 15.7 25.5 6.7 44 =2.38 0.02 NS
Incr. 131.0 15.7 13.6 6.0 L4  L.055 0.36 NS

Mean values for systolic blood pressure (mm
mercury) and plasma fibrinolytic activity
(diameter of Lysis -mm) resting, after 15 minutes

venous occlusion and the increment (occluded-

e At bt s et LD iy e S . - ———-—

. - — o - —— -—— = A -

showﬁng the correlation coefficient r along with

its t and P values for comparison of systolic
pressure and fibrinolytic activity at each test
point.




TABLE 80.

SYSTOLIC BP LYSIS DIAM.

' mm Hg - mm

X SD X SD n r t p
TEST 1 |
Resting 130.1 15.0 10.7 3.2 48 =.199 1.37 NS
0Occluded 130.7 14.8 22.7 8.3 48  .070 0.48 NS

Increment  130.5 14.9 11.9 7.1 47  9.65 0.07 NS

TEST 2
Rest. 128.5 13.6 10.8 2.2 20 .131 0.56 NS

Oect. 129.5 11.9 244 7.0 17 443 1.91 <.05
Tnce. 129.5 11.9 13.6 6.5 17  .460 2.00 <.0S

Mean values for systolic blood pressure (mm
mercury) and plasma fibrinolytic activity
(diametér of Lysis -mm) resting, after 15 minutes
venous occtusion and the increment (occluded-

resting) in the normal_ Lipid, smoking C.H.D.

g Y

correlatian coefficient r along with its t and
P values for compariscon of systolic pressure

and fibrinolytic activity at each test point.
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TABLE 81.

SYSTOLIC BP L.YSIS DIAM.

- mm Hg ' Mm

x $D X SD h r t P

TEST 1
Rest. 135.7 18.0 10.3 2.4 33 -.119 D.67 NS
occl. 135.7 18.0 19.4 8.5 33 .172 0.97 NS
Incr. 135.7 18.0 9.1 7.2 33,243 1.40 NS
TEST 2
Rest. 130.3 17 .1 10.7 2.1 19  .083 0.34 NS
dccl. 135.0 15.6  20.8 7.0 15  .270 1.01 NS
Incr. 135.0 15.6 10.0 5.4 15  .326 1.24 NS

Mean values for systolic blood pressure (mm
mercury) and plasma fibrinolytic activity
(diameter of Llysis -mm) resting, after 15 minutes

venous occlusion and the qincrement {(occluded-~

e - —— —— vy - -

showing Lthe carrelation coefficient r along with

its t and P values for comparison of systolic

pressure and fibrinolytic activity at each test
point. i




TEST
Rest.
Occl.

Incra.

TEST
Rest.
Occtl.

Incr.
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TABLE 82 .
SYSTOLIC BP LYSIS DIAM.
mm Hg mm
X SD X 5D n v 1 p

1
130.1 11.7 10.3 2.0 24 -.0617 0.29 NS
130.1 11.7  18.5 6.7 24  .073 D.35 NS
130.1  11.7 8.2 6.6 24 .094 0.44 NS

2
133.8 12.6 10.9 3.6 10 =-.257 0.73 NS
135.3 12,3 22.6 6.8 9 ~-.361 1.02 NS

135.3  12.3 1.5 6.5 9 =-.262 0.72 NS

Mean values for systolic blood pressure (mm
mercury) and plasma fibrinolytic activity
(diameter of Lysis -mm) resting, after 15 minutes

venous occlusion and the increment (occluded=-

—— s ot o i e s e D o e D D e

- . —_——— - R

showing the correlation coefficient r along

with its t and P values for comparison of systolic
pressure and fibrinolytic activity at each test
peint.




TEST
Rest.
Occl.

Incr.

TEST
Rest.
Cccl.

Incr,

TABLE 83.

DIASTOLIC BP LYSIS DIAM.

mm Hg mm
X SD X SD n r L
n]
85.5 8.6 10.9 2.6 77 —.057 0.50
8§5.2 8.7 23.3 8.4 73 .025 D0.21
85.2 8.7 12.3 7.2 73 D42 D.36
2
82.9 8.3 1.9 1.8 46 =197 1.33
82.6 3.1 25.5 6.7 L4 8.025 O0.05

B2.6 8.1 13.6 6.0 b 043 0.28

Mean values for diastolic blood pressure (mnm
mercury) and plasma fibrinolytic activity
(diameter of Lysis -mm) resting, after 15 minutes
venous occlusion and the increment (occluded-

resting) in the pormal_Lipid,_nen=smoking

e ek — s L T =i i AP A

e e on T o -

showing the correlation coefficient r along with
its t and P values for comparison of diastolic

pressure and fibrinolytic activity at each test
point.

NS
NS
NS

NS
NS
NS
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TEST
Rest.
Occl.,

Incr.

TEST

Rest.
Occl.
Incr,

TABLE B84.

DIASTCLIC BP LYSIS DIAM,

mm Hg mm
% SD 3 §D n P 1
1
85.4 10.2 10.7 3.2 48 ~.279 1.97
85.6 10.4 22.7 8.3 48 ~.147  1.01
85.3 10.3 11.9 7.1 47 ~-.059 0.40
2
84 .8 3.0 10.8 . 20 =.104 Q.45
85.8 8.3 24,4 7. 17 .253 1.01
85.8 8.3 13.6 6.5 17 317 1.29

Mean values for diastolic blood pressure (mm

mercury) and plasma Tibrinolytic activity

(diameter of Lysis ~mm) resting, after 15 minutes

venous oc¢clusion and the increment (occluded=-

o v — o

correlation coefficient r along with its t and
P values for comparison of diastolic pressure

and fibrinolytic activity at each ftest point.

<.05

NS
NS

NS
NS
NS
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TEST
Rest.
Cccl.

Incr.

TEST
Rest.
Occl.

Incr.

TABLE 85.
DIASTOLIC BP LYSIS DIAM.

mm Hg ' mm
X SD % $D n r t P
g
87.6 12.9  10.3 2.4 33 .019 0.10 NS
87.6 12.9 19.4 8.5 33 .196 1.11 NS
87.6 12.9 9.1 7.2 33 .225 1.29 NS
2
86.7 6.9 10.7 2.1 19  .072 0.30 NS
88.1 6.6 20.8 7.0 15 .032 0.03 NS
88.1 6.6 10.0 5.4 15 .066 0.24 NS

Mean values for diastolic blood pressure (mm
mercury) and plasma fibrinolytic activity
(diameter of Llysis -~mm) resting, after 15 minutes

venous occlusion and the increment (occiuded-

agraciii - qPuiih s S e e S AT~ P O VPR

e - — .~y = e -

showing the correltation coefficient r along with
its t and P values for comparison of diastolic
pressure and fibrinolytic activity at each test

point.




TEST
Rest.
Occl.

Incr.

TEST
Rest.
Ocela

Yner,

TABLE 86.

DIASTOLIC BP LYSIS DIAM.

mm Hg mm
X ) M o) n r t

1

86.9 8.3 10.3 2.0 24 209  1.07

86.9 8.3 18.5 6.7 24 157 0.75

86.9 8.3 8.2 6.6 24 .096 0.45
2

88.4 7.9 1MM.1T 1.9 9 -.390 1.1¢

B8.4 7.9 22.6 6.8 9 -.550 1.74

88.4 7.9 115 6.5 9 ~.462 1.38

Mean values for diastolic blood pressure (mm
mercury) and plasma fibrinolytic activity
(diameter of Lysis ~mm) resting, after 15 minutes

venous occlusion and the increment (occluded-

iR g e e ] rt ke ot i i

=

correlation coefficient r along with its t and
P values feor comparison of diastolic pressure

and fibrinolytic activity at each test point.

NS
NS
NS

NS
NS
NS




BODY WEIGHT AND FIBRINOLYTIC ACTIVITY.

Ptasma fibrinolytic activity, resting and after 15
minutes venous occlusion were measured and the increment
calculated in 278 men aged between 30 and 59 years, 173 of
whom had angiographic evidence of coronary heart disease
and 105 of whom were healthy controls.

O0n the day of testing each subject was carefully
weighed. Relationships between gross body weight and

plasma fibrinolytic activity were sought.

Results.

Both the resting and the post-occlusion plasma
fibrinolytic activity were found to be highly
significantly negatively related to the gross body weight
(Table 87). |
IE;B:Q:_BéiiEEE§:

As in the mixed population, when the C.H.D. patients
were studied as a group, both resting plasma fibrinolytic
activity and the fibrinolytic activity after venous
occlusion were found to be highly significantly negatively
related to the gross body weight (Table 88).

When the patient group was divided into smokers and

non-smokers, plasma fibrinolytic activity, resting and

after fifteen minutes venous occlusion was again found to
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be sign%ficantty negatively related to gross body weight
~in both subgroups {Tables 89 and 90J.

Further subdivision of the ﬁatient group into those
with a normal plasma Libid profile and those deemed to
have a plasma Llipid abnormality, demonstrated that in
patients with no;maL plasma Lipid profiles, whether they
were cigarette smokers or non—-smokers, both resting plasma
fibrinolytic activity and the fibrinolytic activity after
15 minutes occlusion were significantly negatively related
to gross body weight (Tables 21 and 923

In patients with abnormal plasma Lipid profiles
however these associations between body weijght and

fibrinolytic activity were not evident (Tables 93 and 94).

Comment.

As in the control group reported in Chapter VII, a
strong negative relationship between gross body weight and
plasma fTibrinolytic activity was found in the mixed
population and in men with C.H.D. This relationship was

Lost in patients with Lipid abnormality.
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Rest.
Occl.

Incr.

TABLE 87.
WEIGHT LYSIS DIAM.
lbs. mm
X SD X SD n P t P

161 21.6 1.3 2.7 278 -.257 4.42 <.0005
161 21.6 22 .6 7.7 272 -.271 4.63 <.,0005
161 21.7 11.3 6.7 271 =.207 3.47 <.0005

Mean values for gross body weight (lbs) and plasma
fibrinolytic activity (diameter of Lysis —-mm)
resting, after 15 minutes venous occlusion and the

increment (occluded-resting) in the whole_group

- —— e -
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coefficient r along with its t and P values for
comparison of body weight and fibrinolytic activity

at each test point.
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TABLE 88.
WEIGHT LYSIS DIARN.
Lbs. mm
x $Dh x SD n r t P
Rest . 159  19.8 10.8 2.7 173 -.259 3.51 <.0005
occl. 159  49.8  22.2 83 167 ~.280 3.75 <.0005
Incr. 159 19,8 11.4 7.2 166 =.223 2.93 <.0025

Mean values tor gross body wejght (lbs) and plasma
fibrinotytic activity (diameter of Lysis -~mm)
resting, after 15 minutes venous occlusion and the
increment (occluded-resting) in the C.H.D. patients
showing the correlation coefficient r along with its
t and P values for comparison of body weight and

fibrinolytic activity at each test point.




Rest.
Occl.
Incr.
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TABLE 89.
WEIGHT LYSIS DIAM.
Lbs. mm
x $D x SD n . 1 P

162 19.9 10.9 2.6 106 =.264 2.79 <.005
161 19.8 22 .6 8.4 100 -.190 1.92 <X.05
161 19.8 11.7 Y- 100 -.122 1.22 NS

Mean values for gross body weight (lbs) and plasma
fibrinolytic activity (diameter of lysis —mm
resting, aftepr 15 minutes venous occlusion and the
increment (occluded-resting) in the pon-smoking
C.H.D._patients showing the corretation
coefficient r along with its t and P values for
comparison of body weight and fibrinclytic activity

at each test point.




Rest.
Gccl.

Incr.

TABLE 90.

WETGHT LYSIS DIAM.
Lbs. mm
x $D X SD n P t p

156 19.5 10.6 2.8 67 -=.27 2.29 <.0125
156 19.6 27.5 8.2 67 —.4&5 .02 <.0005
156 19.7 10.8 7.3 66 =.40 3.47 <.0003

Mean values for gross body weight (Lbs) and plasma
fibrinolytic activity (diameter of Llysis =-mm)
resting, after 15 minutes venous occlusion and the
increment (occluded-resting) in the smoking

CaH.D._patients showing the correlation
coefficient r along with its t and P values for
comparison of body weight and fibrinelytic activity

at each test peoint.




Rest,
Dcel.

Incr. .
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TABLE 91.
WEIGHT LYSIS DIAM.
Lbs. mm
X $D X SD n r £ P

159  17.6  11.1 2.6 75 ~.344 3.13 <.0025
158  17.1 24 .1 8.0 69 =.25 2.11 <.025
158 17 .1 12.9 7.0 69 ~.149 1.23 <.15

Mean values for gross bhody weight (lbs) and plasma
fibrinolytic activity (diameter of Llysis -~mm)

resting, after 15 minutes venous occlusion and the

increment (occluded-resting) in the normal_Llipid

e Ve Aa wm v e e
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coefficient r atong with its t and P values for

comparison of body weight and fibrinolytic activity

at each test point,




Rest.
Occl.
Ine
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TABLE 92.
WEIGHT LYSIS DIAM.
Lbs. min
x SD x 5D n r t P

182 19.9  10.7 3.2 b - 349 2.41 <.01
152 19.9  23.0 8.5 44 ~.480 3.54 <.0005
152  20.1 12.3 7.2 43 -.415 2.92 <.005

Mean values for gross body weight (lbs) and plasma

fibrinolytic activity (diameter of Llysis —mm)

resting, after 15 minutes venous occlusion and the

increment (occluded-resting) in the normal_Llipid

p = TR R

- A an it ot B . o = —

coefficient'raLong with its t and P values for
comparison of body weight and fibrinolytic activity

at each test point.
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TABLE 93.
WEIGHT LYSIS DIAM.
Lbé. mmv
X X SD n P t p

SD

Rest. 166 24.1  10.3 2.5 31 -.075 0.41 NS
occl. 166  24.1 19.4 8.5 31 1.09 5.87 <.0005
Incr. 166  24.1% 9.1 7.1 31 .027 ©0.15 NS

"Mean values for gross body weijght (lbs) and plasma r{
fibrinolytic activity (diameter of Llysis =-mm) |

resting, after 15 minutes venous occlusion and the E

- - - —
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coefficient r along with its t and Pvalues for

comparison of body weight and fiberinolytic activity

at each test point.




Rest.
Occl.

Incr.

TABLE 94.
WEIGHT LYSIS DIAM.
lbs. mm
x $D x 1) n r t P

164 16.7 10.4 2.01 23 .032 .146 NS
164 16.7 18.6 6.86 23 ~.177  .824 NS
164 16.7 8.2 6.73 23 =-.189 .886 NS

Mean values for gross body weight (lbs) and plasma
fibrinolytic activity (diameter of Lysis -mm)
resting, after 15 minutes venous occlusion and the

intrement (occluded=resting) in the abnormal lipid

Pl A e T L T

e e m r at A v v e b it a0 = o

coefficient r along with its t and P values for
comparison of body weight and fibrinotlytic activity

at each test point.
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PISCUSSION.

Examination of the relationship between Tibrinelytic
activity and ‘C.H.DP. "risk factors™ in a population
including men known to have C.H.D. confirmed that many of
the EeLationships described in the control group reported
in Chapter VII could also be demonstrated in a mixed
pepulation.

When tﬂe CJLO.'patients were examined separately
some of the relationships between C.H.D. "risk factors" and
fibrinolytic actjvity were Lless evident than in the
control group.

There was no evident fall in resting fibrinolytic
activity with acge and the relationship between diastolic
blood pressure and resting fibrinolytic activity could be
demonstrated at one test point only. The relationship
hetween triglyceride level and fibrinolytic activity
however remained evident in the patient group.

As in the control group, no direct relationship was
demonstrated between the lLlevel of plasma fibrinolytic

activity and smoking habit.
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CHAPTER IX.

FIBRINOLYTIC ACTIVITY AND CORONARY HEART DISEASE

- AN EXAMINATION OF POSSIBLE RELATIONSHIP.
INTROPUCTION.

Many investigators have been 1interested in the
possibility that patients with occlusive arterial disease
may have detectable abnormality 1in their plasma
fibrinolytic system (see:Chapter.IV)- In this Chapter an
attempt i made to examine the possibility that the
existence of coronary heart disease {(C.H.D} may have some
retatjonship to the detected Level of plasma fibrinolytic
activity-

It is of course impossible to identify a group of
patients with positive e@idence of clinically significant
CJLD..who do not also have detectable C.H.D. "risk
factors’™., In particutar in the group reported here, the
patients all suffered from at least two major non-
modifiable €C.H.D."risk factors" - they were adult and they
were male,

It has therefore been necessary to compare groups and
subgroups of C.H.D. patients and controls in which the
distribution of C.H.D. "risk factors" has been matched as

carefully as possible. In this way it Was hoped to

g s 4
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discover whether or not measurable differences 1in -plasma
fibrinolytic activity exist between healthy males and men
with C.H.D. — which may be related to the disease itself

and not to the coexistence of other factors.

MATERIALS AND METHODS.

v A T ——

For the purposes of examining possible relationships
between Tibrinolytic activity and the exjstence of C.H.D.
two groups of men were recruited.

Healthy men aged between 30 and 59 years with no

evidence of C.H.D. were recruited as detailed in Chapter

Men aged between 30 and 59 years with angiographic
evidence of C.H.D. were recruited as detailed in Chapter
VIIIL.

Both groups Qere subdivided into smokers and non-
smokers and into those with normal plasma Llipid profiles
and those with abnormal plasma Lipid levels as detailed 1in

Chapters VII and VIII.

Fibripolytic Activit

Using 2 fibrin plate method, plasma fibrinolytic

activity was measured in euglobulin fractions prepared




“from plasma collected from resting subjects and after
fifteen minutes venous occlusion, For details of sample
collection and preparaéion, the venous occlusion test,
preparation of euglobulin fraction, the fibrin plate assay

method and statistical methods see Chapter V.

-—— e - - - -

For details of the methods used to assess plasma
lipid status see Chapter VII,
Full Blood Counts.

0n samples coliected into standard full blood count
tubes containing EDPTA (Staynes), the red celis (RBCs) and
the white cells (WBCs) were counted and the haematocrit
calculated automatically using a Coulter § full hlood
counter (Coulter Electronics Ltd). Platelets were counted

automatically using a Coulter Thrombocounter (Coulter

Electronics ttd).

Ethical Permission.
Ethicel permission was sought and granted for this
study, by the Greater Glasgow Health Board's Eastern

District Ethical Committee.

Tables.
As in Chapters VII and VIII, to facilitate reading,
the Tables of results in this Chapter have been collected
together in groups and appear at the end of each relevant

section of text.

414




COMPARISON OF PATIENT AND CONTROL GROUPS.

Before examining the results of the plasma
fibrinolytic te;ts carried out on the patient group and
comparing them with the Tibrinolytic activity of the
control group, it may be worthwhile to pause and consider
the various similarities and dissimilarities between the

two groups.

— o ——— WTC W Tn b i WS o At — o orw v -
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Only males were recruited into both control and
patient groups.
bge.

The mean age of the patient group was 49.0 + 5.8
years and significantly greater therefore than the mean
age, 42,5 +* 8.9 years of the control group. This s
unfortunate but perbhaps an inevitable consequence of the
mode of recruitment of each group. Where the numbers
permit therefore, comparison between patients and cantrols
include a comparison within each decade subgroup (30~39

years, #0~49 years and 50-59 years).

—— v W = — v ———

Cigarette smoking was relatively Lless gommon in the
patient group (40.4%) than in the control group (45.7%).
At first sight this was perhaps a surprising finding but
it must be borne in mind that the non-smoking patients

included men who had stopped smoking on medical advice.




Although no repr‘qdu::ibLe difference din the
fibrinolytic activity of smokers and non-smokers has been
demonstrated, (Chapters VII and VIII) where the numbers
permit, separated groups of non-smoking controls and
patienfs and smoking controls and patients have been
studied.

Mean plasma cholesterol Levels were highly
significantly greater in the patient group than 4in the
controls (Table ¢5). Mezn plasma triglyceride levels were
also sjgnificantly greater in the patient group than in
the controls (Table 95). This is in part a reflection of
the fact that more of the patientg (32.8%i has plasma
Lipid tevels outwith the normal ranges for their age than
did controls (21%) but is alse due of c¢course to the
greater proportion of older patients examined.

Fibrinolytic activity has been shown to be related to
plasma lipid levels, therefore patients and controls with
abnormally elevated Lipid Levels have been separated from
the main groups and compared separately.

Blood Pressure.

Mean systolijc blood pressures in the patient and
control groups were not significantly different (Table
26). The mean diastolic blLooed pressure was found to be
slightly higher in the patients than in the controls (but
not reproducibly significantly = Table 963. This slightly
higher blood pressure in the patient group reflects the

greater proportion of older patients. No severely

S e e e




hypertensive subjects were examined. No attempt to
subgroup patients and controls according to blood pressure
Wwas considered necessary.

Body

1%
i
i~

- ght.

The mean gross body weight of the control group (165
+ 2& Lbs) was not significantly different from the mean
gross body weight of the patients (159 + 20 Lbhs}. Although
fibrinotytﬁc activity was shown to be signficantly related
to body weight, because no grossly overweight or
underweight subjects were examined, it was considered
unnecessary to subgroup patients and controls according to
body weight.

The composition of the control and patient groups s

shown in Table 97.

Fult Blood Count.

The mean red cell count resting and after 15 minutes
venous occlusion was the same in the patient and control
groups, (Table 98},

Haematogcrit.

The mean haematocrit at rest was marginally higher 1in
the patients than in the controls (Table 99). No
reproducible difference was found in the mean post
occlusion haematocrits.

White Cell Count.
The mean white cell count was significantly higher in

the patient group than in the control group both at rest

and after 15 minutes venous occlusion (Table 100).




Platelet_Count. -

Platelet counts were carrigd out on only a small
~number of patients (62) and controls (51) and only at
rest. The mean platelet count in the patients (220%+ 66 x

109/L) was not signficantly different from the mean

platetet count (205 + 51 x 10%/L) in the controtls.

Comment.

Both patient and control groups were selected to
exclude suhjects with evidence of disease other than
C.HaDu The age range studied was fTairly narrow = no
extremes of age being i1ncluded in either group. The
incidence of cigarette smoking was similar in'both grbups.
It is probably not surprising therefore, that there were
noe obvious differences in red cell count, haematocrit or
platelet count when patients and controls were examined.
Why tHere should have been a significant and reproducible
difference in the white cell counts of the two groups
remains unexplained. Is it merely a refLeEtion of the

fact that the C.H.D. patients had chronic disease?
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TABLE 95, o
CONTROLS PATIENTS A
X n SD x n D " P
TEST 1. .
Cholest. 5.6 105 .99 6.1 164 1.30 3,697 <.0005 E

Trigly. 1.8 105 1.20 2.2 164 1.50 2.348 <.01

TEST 2.

Cholest. 5.2 76 D.92 6.1 83 1.20 5.130 <.0005
Trigly. 1.7 76  1.30 2.1 83 1.40  1.691 <.05

Mean pltasma cholesterol (mmol/L) ahd triglyceride
(mmol/L)Y levels in the control and patient groups
at Test 1 and at Test 2 showing the t and P values

for comparison of the means at each test peint.
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TABLE 96.

CONTROLS FPATIENTS
n SD n Sb i P

*]
»

TEST 1.

Systolic 128.8 105 13.7 129.7 168 15.0 0.537 NS
Diastolic 83.2 105 2.0 86.2 168 10.0 2.492 <.01

TEST 2.

Systolic 127 .6 77 13.5 130.5 & 15.0 1.254 NS
Piastolic 83.0 77 9.4 84 .7 83 8.3 1.232 NS

Mean systolic and diastolic blood pressures (mm of
mercury) 1in the controt and pafient groups
at Test 1 and at Test 2 showing the t and P vatues

for camparison of the means at each test point.




TABLE 97.
33-39 vyears 40-49 years 50-59 vyears
tont. Pat, Cont. Pat. Cont. Pat.
Normal Lipid
Non—-smoker 25 4 13 24 12 )
Smoker 9 2 16 22 8 20
Abnormal Lipid
Non~smoker 3 3 3 16 1 10
Smoker 2 4 10 12 3

Composition of control (Cont.) and patient (Pat.)

groups showing the numbers of men in each subgroup.
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TABLE 98.

CONTROLS PATIENTS
RBCx101%/L % n  §D X n SD t p
TEST 1.
Resting 5.0 96 .39 5.0 180 40 971 NS
occluded 6.1 95 .41 6.0 172 .49  .257 NS
TEST 2.
Resting 5.0 73 .32 5.0 94 .40  .080 NS
occluded 6.1 75 .41 6.0 83  J45 .B48 NS

Mean red cell counts {x 101270 resting and after
15 minutes venous occlusion in the control and

patient groups at Test 1 and at Test 2 showing the
t and Pvalues for comparison of the means at each

test point.
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TABLE 99.
CONTROLS ' PATIENTS

Het % X n 8§D X n SD t P
TEST 1.

Resting 45.3 96 3.6  45.7 182 3.6 L946 NS
Occluded 55.2 95 4.0 55.0 172 4.3 L 435 NS
TEST 2.

Resting 45.0 74 2.8 45 .9 93 3.2 1.988 <.025
0ccluded 54.2 74 4.3  55.5 4 4.2 1.967 <.05

Mean haematocrit (%) resting and after

15 minutes venous occclusion in the control and
patient groups at Test 1 and at Test 2 showing the
t and P values for comparison of the means at each

test pointa




WBCx10%/L

TEST 1.
Resting
Occluded
TEST 2.

Resting
Occluded

X

TABLE

CONTROLS

n SD
96 1.6
95 1.6
73 1.8
75 1.8

100.

|

PATIENTS
N Sb
180 1.7
172 1.9
93 1.8
83 4

3.215
2.356

3,729

3.682

<.D0025
<. 01

<.0005
<.0085

Mean white cell counts (x 107/L) resting and after

1 minutes venous occlusion

in the control and

patient groups at Test 1T and at Test 2 showing the

t and P values for comparisén of the means at each

test point.




FIBRINOLYTIC ACTIVITY.

Results.

Ve e L a - —

R e A it e - m W P e e T W W e e e M

The mean resting fibrinolytic activity was found to
be significantly Lower in the whole patiept group than in
the whole control group at both Test 1 and Test 2 (Table
101). No reproducible difference was found between
patients and controls when the fibrinolytic activity was
meagured post-occlusion (Table 101,

The batient and control groups were divided into
decade subgroups (30~39 yeérs, 40-49 years and 50-39
years) and re-examined. In the 30-39 year old both the
resting and post occlusion mean fibrinolytic activities
were significantly Llower in the patients than in the
coentrols at Test 1. Too fTew patients were examined at
Test 2 to allow comment (Table 102).

In the 40-49 yéar olds and the 50~-59 year olds mean
regting fibrinolytic activity was found always to be Lower
in the patients than in the controls (Tables 103 and 104)
but in each decade subgraup this was significant only at
Test 1. Mean fibrinolytic activity post-occlusion was
usualtkty Lower in the patients than in the controls but not
significantly, and in the 50-59 year olds at Test 1 only
(Tables 103 and 104). There were no significant

differences in increment.
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The mean resting fibrinolytic actﬂv1ty was found to
be significantly.Louer in those patients with normal
plasma Llipid lLevels than in the controls with normal
plasma lipid levels both at Test 1 and at Test 2 (Table
105). No difference was found between the normal Lipid
patients and c¢ontrols post-occclusion but the patients
achieved greater dncrements in fibrinolytic activity with
ccclusion (Table 105).

When the normal plasma Lipid patients and controls
were divided 1pto decade subgroups (30~39 years, 40-49
years and 50-59 years), mean resting plasma fibrinolytic
activity was consistently Lower in the patients than in
the controls (Tables 106, 107 and 108) although,
unfortunately, this reached statistical significance at
Test 1 only (toc few 30-39 year old patients at Test 2 for
comment) .

Mean fibrinolytic activity post—occlusion was
usually lLower 1in the patienfs than in the controls {(Tables
106, 107 and 108} = except in the 50~-59 yvear olds at Test
2. The post~occlusion differences, and the differences in
increment were never statistically significant.

Those patients and controls found to have abnormal
plasma Lipid profiles were compared.

Mean plasma fibrinolytic activity was Lower in the
patients than in the controls but this was significant at

Test T only (Table 109). No significant differences in
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the post-occlusion Llevels or in the 1increments were
observed.

When the ébnormal Lipid patients and controls were
divided inte decade subgroups (36-39 years, 40-49 years
and 50-59 years), mean fibrinolytic activity at rest was
found to be the same in the 30-39 year old patients and
controls (one test only - Table 110) and lower in the
patients than in the controls in the 40-49 year olds and
the 50-59 vear olds (Tables 111 and 112). This finding,
however, achieved statistical significance only at the P
<.01 Level and only at Test 1 in the 50-59 year olds.

Noe significant differences in the post-occlusion

Levels or in the increments were cbserved.
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The patients and controls found to have normal plasma
Lipid profiles were divided into cigarette smokers and
non—-smokers. When alt of the non-smoking, normal Lipid
patients were compared with the non~smoking, normal Lipid
controls, mean resting p(asma fibrinolytic activity was
found to.be Lower in the patients than in the controls but
this was statistically significant at Test 1 only (Table
1132). No significant differences were found in mean post-
occlusion levels or in the mean increments.

The non-smoking normal Lipid patients and controls
were further examined in decade subgroups (30-39 years,
40-49 years and 50-59 vyears)., With the excepiion of the
50-59 year olds at Test 2 (Table 1168) mean resting

fibrinolytic activity was always Ltower in the non-smoking,
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normal Llipid patients than in the corresponding controls
(Tables 114, 115 and 116). This finding was however
significant only in the smatl group of 30~39 year olds.
No significant or reproducible differences were found dn

the mean post-occlusion levels or the mean +dincrements.

S — A - — o s - Y v e Ny - — O v - —
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When atl of the smoking, normal Llipid patients were
compared with the smoking normal lLipid controls, mean
resting plasma fibrinolytic activity was found to be
significantly Lower in the patients than in the controls
(Table 117). No significant differences were found post~
occlusion or in the increments.

The smoking, normal Lipid patients and controls were
further examined 1in decade subgroups (3039 years, 40-49
years and 50-59 years). With the exception of the 40-49
year olds at Test 2, mean resting plasma fibrinolytic
activity was always lLower in the patients than in the
controls - but this reached significance only in the 50-59
year olds at Test 2 {(Tables 118, 119 and 120). No
significant or reproducible differences were found in the
mean post-occlusion levels or mean fincrements.

The abnormat lipid patients and controls were not
examined in subgroups of smokers and non-smokers because
the numbers in each subgroup were too smattl to allow valid

comparison (Table 97).

428




Lysis—mm

TABLE 101,

TEST 1.

CONTROLS PATIENTS
X n SD X n SD Tt P
Resting 12.2 105 2.5 10.6 167 2.5 5.075 <.0005

Occluded 23.2 105 6.5 21.4 160 8.2 1.904 <.05
Increment 11.0 105 5.6 10.8 160 0.6 0.269 NS

TEST 2.

Resting 12.0 78 2.3 11.3 86 2.0 2.162 <.025
Occluded 23.0 9 6.7 23.9 78 7.0 0.840 NS

Increment 10.9 78 5.4 12.5 78 '6.2 1.770 <.05

Mean fibrinolytic activity (F.A. diameter of Llysis
-mm) resting, after 15 minutes venous occlusion
and the 1increment (occluded-restingl 1in
all_patients and in all_controls at Test 1 and at
Test 2 showing the t and P values for the
comparison of patients and controls at each test

point.
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TABLE 102.

F.A. CONTROLS PATIENTS

tysis—mm X n SD X n SD t P
TEST 1.

Resting 12.7 39 2.6 10.3 12 2.3 2.897 <.005
Occluded 23.0 39 5.9 18.3 11 8.5 2.119 <.025
Increment 10.3 39 5.0 7.8 11 8.4 1.224 NS
TEST 2.

Resting 12 .4 35 2.3 10.4 3 2.1 1.447 NS
Occluded 23.0 35 6.4 21.2 3 8.6 0.452 NS
Increment 10.6 35 4.9 10.8 3 6.8 0.089 NS

430

Mean fibrinotlytic activity (F.A. diameter of Llysis -mm)

resting, after 15 minutes venous occlusion and the

increment (occluded-resting) in all_30=39 year

- - — . e e v s L e e m am

at Test 1 and at Test 2 showing the t and P values
for the comparison of patients and controls at each

test point.
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TABLE 103.
F.A. CONTROLS PATIENTS
Lysis~mm X ‘nsD X n SD t P
TEST 1.
Resting 11.6 42 2.4 10.3 74 2.9 2.426 <,01
Occluded 22.2 42 7.2 20.2 71 8.0 1.342 NS
Increment 10.6 42 6.4 2.8 71 7.0 0.609 NS
TEST 2. -
Resting 1.1 25 1.5 10.9 33 2.1 0.248 NS

Occluded 22.0 26 6.8 21.7 28 7.2 0.012 NS
Increment 10.5 25 6.2 10.6 28 6.3 0.02%1 NS

Mean fibrinolytic activity (F.A. diameter of Llysis =-mm)

resting, after 15 minutes venous occlusion and the

. A A e ———— - e v aa - v v -

Test 1 and at Test 2 showing the t and P values for

the comparison of patients and controls at each test

peint.




432

TABLE 104.

FoA. CONTROLS PATIENTS

Lysis—mm X .n Sb X n $D t P

TEST 1.

Resting 12.5 24 2.6 10.9 81 2.3 2.961 <.0025

Occluded 25.2 24 5.9 22 .9 78 8.2 1.304 NS
Increment 12.7 24 4.9 12.0 78 7.0 0.448 NS

TEST 2.

Resting 12.5 18 2.8 11.6 50 1.9 1.535 NS
0ccluded R4 4 18 7.2 25.4 47 6.6 0.511 NS
Increment 11.9 18 5.5 13.8 47 6.0 1.149 NS

Mean fibrinolytic activity (F.A. diameter of Llysis —-mml
resting, after 15 minutes venous occlusion and the

increment (occluded~resting) in all_50-39 _year_ old

—— e e T e R v e e - -
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at Test 1 and at Test 2 showing the t and P values
for the comparison of patients and controls at each

test point.
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TABLE 105.
F.A. _ CONTROLS . PATIENTS
Lysis~mm X n $b X n SDh t P
TEST 1.
Resting 124 83 2.7 10.7 115 2.7 4.36 <.0005

Occluded 24 .1 83 6.2 23.0 108 8.2 1.06 NS
Increment 11.7 83 5.4 12.2 108 7.1 0.53 NS

TEST 2.

Resting 12.3 62 2.4 11.5 40 2.0 1.97 <.05
Occluded 24 .0 63 6.0 25.1 56 6.9 0.90 NS
Increment 11.7 62 4.3 13.6 56 6.2 1.88 <.05

Mean fibrinolytic activity (F.A. diameter of Llysis

-mm) resting, after 15 minutes venous occlusion
and the increment (accluded=resting)? in ail_normal

Lipid patients and in all_normal Lipid_controls at
Test 1 and at Test 2 showing the t and P values
for the comparison of patients and contrels at

each test point.
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TABLE 106.
F.A. CONTROLS . PATIENTS .
Lysis=mm X n SD X n sSb t P
TEST 1.
Resting 13.0 34 2.6 10.0 6 1.3 2.738 <.D05
Occluded 23.9 34 5.6 23.7 5 6.4 D.073 NS
Increment 10.9 34 5.0 13.5 5 6.8 1.003 NS
TEST 2.
Resting 12.7 31 2.3 10.4 3 2.1 1.706 <.D5

Occluded 24.0 31 6.0 21.2 3 8.6 0.746 NS
Increment 11.3 31 4.7 10.8 3 6.8 0.1517 NS

Mean fTibrinolytic activity (F.A.diameter of Llysis

-mm) resting, after 15 minutes venous occlusion

and the dincrement (occluded-resting) in 30-39_vyear

Pt AR AP SRt
- s mm e v A v v e . e s e - - AR AP AL g neph-pe)
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showing the t and P values for the comparison of

patients and controls at each test point.
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TABLE 107.

Foh CONTROLS _ PATIENTS
Lysis—mm X n Sp % n Sh t P
TEST 1.

Resting 11.8 29 2.7 10.3 46 3.2 2.114 <.025
Occluded 23 .4 29 7.2 21.8 43 8.3 0.841 NS
Increment 11.6 29 6.1 11.4 43 7.2 0.117 NS

TEST 2.

Resting 11.1 17
Occluded 23.1 18
Increment 11.6 17

11.0 18 2.2 0.126 NS
22.8 16 7.3 0.143 NS
1.6 16 6.4 0.013 NS

vt U =
]
=~ ce

Mean fibrinolytic activity (F.A. diameter of Lysis
~mm) resting, after 15 minutes venous occlusion

and the increment (occluded-resting) in 40-49 year

—— bt et -
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showing the t and P values for the comparison of

patients and contrels at each test pointa




TABLE 108.

CFuh. _ CONTROLS _ PATIENTS
Lysis—mm X n SD X n SDh t P
TEST 1.

Resting 12.5 20 2.8 11.1 63 2.4 2.076 <.025
occluded 25.5 20 5.8 23.8 60 8.2 0.872 NS
Increment 13.0 20 4.8 12.6 60 7.1 0.242 NS

TEST 2.

Resting 12.7 14 3.1 11.8 39 1.9 1.295 NS

Occluded 25.2 14 6.4 26.4 37 6.3 0.591 NS
1

Increment 2.6 14 4.3 14.6 37 5.9 1.194 NS

Mean fibrinolytic activity (F.A. diameter of Llysis
-mm> resting, after 15 minutes venous occlusion

and the increment {(occluded-resting) in 50-59_year

= )
- e - . - - - Dol e Tae i s -

showing the t and P values for the comparison of

patients and controls at each test point.
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Fn.A.
Lysis—mn

TEST 1.
Reéting
Occluded

Increment

TEST 2.
Resting
Occluded

Increment

Mean fibrinolytic activity (F.A.
-mm> resting, after 15 minutes venous acclusion,
all

x

11.3
19.7
8.4

1.0
18.8
7.9

TABLE

CONTROLS

n - 8§D

22 1.

22

22 5.

16 .5

16 .

16 6.8

109.

__ PATIENTS

X n Sp
10.2 51

18.1 51 7.5
7.9 51 6.6

10.8 26 1.9
20.8 22 6.7
9.9 22

1.938
0.875
0.343

D.292
0.858
1.013

and the 4ncrempent (6cctuded-resting) in

- o . M = . M

e ———

and P values for the comparison of patients and

controls at each test point.
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<.05
NS
NS

NS
NS
NS

diameter of lysis
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TABLE 110.

F.A. _ CONTROLS __ PATIENTS
Lysis=mm X n SD X n Sh t P
TEST 1.

Resting 10.6 5 0.3 10.6 6 3.1 . NS
Qccluded 16.5 - 5 = 2.3 13.7 6 7.5 0.803 NS
Increment 6.0 5 2.5 3.2 6 6.8 0.869 NS

Mean fibrinolytic activity (F.A. diameter of lysis
-mm) resting, after 15 minutes venous occlusion,

and the increment (occluded-resting) in 30-39_year

e e L
v e W b e v v e A o e Al - e A Al e wn -

o v e i Mt M W v o e T e b W

P values for the comparison of patients and controls

at each test point.
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TABLE 1117.

F.A. __ CONTROLS _ PATIENTS

l.ysis—mm X n S$D X n $D t P
TEST 1.

Resting 11.0 13 1.2 10.3 28 2.4 1.058 NS
occluded 19.6 13 6.6 17.8 28 7.7 0.796 NS
Increment 8.6 13 6.6 7.5 28 6.2 D.517 NS
TEST 2.

Resting 11.0 8 1.7 10.9 15 2.1 0.191 NS
Occluded  19.3 8 8.5 20.3 12 7.1 0.271 NS
Inérement = 8.3 8 7.6 9.3 12 6.1 0.309 NS

Mean fibrinolytic activity (F.A. diameter of Llysis

-mm) resting, after 1% minutes venous ccclusion,

e s e g -
o v v vmn e i ake e w0 ——

- - v - v A oy e e - -

——— e mar e e e - —— -——n o w n ——— -

showing the t and P values for comparison of

patients and controls at each test point.




Faha
Lysis—mm

TEST 1.
Resting
Occluded

Increment

TEST 2.
Resting.
Occluded

Increment

Mean

12.8
23.9
11.2

11.8
21.5
9.8

TABLE
CONTROLS
n SD
I{' 1.
7.
SI
4 1.4
4 10.0
4 8.9

112.

X

9.9
20.0
10.1

10.8
21.5

PATIENTS
X n sDh t P
18 1.9 2.764 <.01
18 7.6 0.959 NS
18 6.5 0.306 NS
11 1.8 1.014 NS
10 .5 - NS
10 5.3 D.245 NS

10.7

fibrinolytic activity (F.A.

diameter of lysis

-mm) resting, after 15 minutes venous occltusion,

and the dincrement (occluded-resting) in 50-59_year

. o = o - —— e ma

_—— v = - e ——

- rm we e omm v o E—am

showing the t and P values for the comparison of

patients and controls at each test point.
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TABLE 113,

F.A. _ _ CONTRGOLS __ PATIENTS

Lysis—mm X n sD X n SD kx P

- TEST 1.

Resting 12.5 50 2.5 10.9 71 2.5 3.48 <,0025

occluded 24.5 50 5.5 23.1 65 8.2 1.05 NS
Increment 42.0 50 5.2 12.2 65 7.1 0.11 NS

TEST 2.

Resting 12.3 40 2.4 1.8 41 1.8 1.16 NS

gccluded 24 .4 41 5.4 25.1 39 6.8 0.51 NS
6.0 1.18 NS

Increment 11.9 40 £.3 13.3 39

Mean fibrinolytic activity (F.A. diameter of Llysis
-mm) resting, after 15 minutes venous occlusion,
and the increment (occluded-resting) in all_normal
Lipid,_non-smoking _patients and in all_normal

Rl AR S I IR g LA —_—a— Al un am e mm P e

Pl R kT R P

2, showing the t and P values for the comparison

of patients and controls at each test point.
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TABLE 114,

F.A. _ CONTROLS PATIENTS

Lysis—mm X n S$D X n SD t P
TEST 1.

Resting 13.2 25 2.5 9.9 4 1.7 2.477 <.01
Occluded 24.9 25 5t 26.8 3 3.5 0.577 NS$§
Increment 11.8 25 5.0 16 .4 3 2.9 1519 NS
TEST 2.

Resting 13 .1 23 2.1 10.4 3 2.1 2.106 <.025

occluded 24.7 23 5.7 21.2 3 8.6 D.941 NS
Increment 11.6 23 4.5 10.8 3 6.8 D.268 NS

Mean fibrinolytic activity (F.A. diameter of Llysis
-mm) resting, after 15 minulies venous occlusion,

and the dincrement (occluded~resting) in 30-39 year

== . R =N
- P Rl W Y A e bk B i ek i i dma Ay e P o v e vy B e AR e b v M -

o AP S g SR, afii= s AP S =g S AL =gl SR =g A UL g LI - AL~ - L e 314

Test 1 and at Test showing the t and P values for
the comparison of patients and controls at each

test point.
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TABLE 115.

Fole CONTROLS __ PATIENTS

Lysis~mm X n Sh X n SD t P
TEST 1.

Resting 11 .4 13 2.1 10.3 24 3.0 1.200 NS

Occluded 23.2 13 6.5 21.4 21 7.9 D.693 NS
Increment 11.8 13 6.2 10.9 21 6.9 D.386 NS

TEST 2. :
Resting  11.1 9 2.0 10.6 11 1.3  0.708 NS :
“occluded 24.0 10 4.7 22.7 10 7.0  0.484 NS X
Increment 12.1 9 4.6 11.9 10 6.4 D.073 NS i

Mean fibrinolytic activity (F.A. diameter of Llysis

-mm) resting, after 15 minutes venous occlusion,
and the increment (occluded-resting) in 40-49 year
okd normal_Llipid, non-smoking_patients and in 40-

. - - —— — e et ey e v -

—— e A e e e e e v e e  wm e e ey e M -

Test 1 and at Test showing the t and P values for
the comparison of patients and controls at each

test point.
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TABLE 116.

F.A. _ CONTROLS - PATIENTS

Lysis~mm X n Sb X n 5D t P
TEST 1.

Resting 12.3 12 2.5 11.2 43 2.2  1.443 NS

occluded  25.1 12 4.9 23.7 41 8.4 D.530 NS
Increment 12.8 12 4.6 12.6 41 7.2 0.118 NS

TEST 2.

Resting 11.6 8 3.3 12.4 27 1.6 0.949 NS
occluded  24.2 8 6.1 26.5 26 6.4 0.911 NS
Increment 12.5 8 2.4 14,1 26 5.9 0.723 NS

Mean fibrinolytic activity (F.A. diameter of Llysis
-mm) resting, after 15 minutes venous occlusion,

and the increment (occluded-resting) in 50-39 year

T e e e by

-t B e e Gy DA L e W S B b e dl M e e - ——

A AR A= g TN AP S-S &= gt . S L B A - T == = A= R

Test 1 and at Test showinhg the © and P values for
the comparison of patients and c¢ontrols at each

test point.
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TABLE 117.

F.A. " _  CONTROLS __ PATIENTS
Lysis—mnm X n - 8D . X n 5D t P
TEST 1.

Resting. 12 .4 33 3.1 10.6 Gh 3.1 2.51 <, 01
Occluded 23.7 33 7.2 22.7 43 8.3 D.54 NS
Increment 171.1 33 5.2 12 .1 L3 7.2 N.51 NS

TEST 2.

Resting 12,1 22 2.4 10.8 19 2.3 1.82 <,D5
0ccluded 23.3 22 7.0 25.0 17 7.1 0.75 NS
Increment 11.2 22 5.7 14.2 17 6.6 1.50 NS

Mean fibrinolytic activity (F.A. diameter of Llysis
~mm) resting, after 15 minutes venous occlusion,

and the increment (occcluded-resting) in all normal

o — - r——

Lipid, smoking_patients and in all_normal

[ A PR Rvuiy S gk g et e wm o = = v wm

Lipid,_smoking _Controls at Test 1 and at Test 2

showing the t and P values for the comparison of

patients and controls at each test point.




TABLE 118.

F.A. __ CONTROLS __ PATIENTS

Lysis—mm X N 5D X n §Pb t P
TEST 1.

Resting 12.8 9 2.9 T0.1 2 0.1 1.091 NS
Occluded 21 .1 2 5.7 19.1 2 8.3 0.420 NS
Increment 8.6 2 4.5 9.0 2 8.2 0.104 NS

Mean fibrinolytic activity (F.A. diameter of ilysis

-mm) resting, after 15 minutes venous occlusijaon,

- Al am e w o o e w ew e e P = . o - -

g e - Rl R b IR —p A = R AP g A ]

1 and at Test 2 shewing the t and P values for the
comparison of patients and controls at each test

point.
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TABLE 119.

F.A. CONTROLS PATIENTS

Lysis~mm x n ) X. n SD t P

TEST 1.

Resting 12.1 16 3.2 10.3 22 3.5 1.662 NS
Occluded 23.5 16 7.9 2241 22 8.9 0.494 NS
Increment 11.4 16 6.2 11.8 22 7.6 0.196 NS
TEéT 2.

Resting 11.0 8 1.0 11.6 7 3.2 0.500 NS
0ccluded 22 .1 8 7.2 23.0 6 8.6 0.217 NS
Increment 11,0 8 6.5 11.0 6 6.9 = NS

Mean fibrinolytic activity (F.A. diameter of Llysis
-mm) resting, after 15 minutes venous occlusiaon,
and the increment (occluded-resting) in 40-49_year
otd_normal_Ltipid, smoking_patients and in 40:

P P I —_—— e DAl X el an P A ]

- e - — v —— iy e W o e s b d or am avdl e W ol G e A A 4D am o e G

Test 1 and at Test 2 showing the t and P vatues
for the comparison of patients and controls at

each test point.




F.A.

Lysis=mm 3
TEST 1.

Resting 12.8

Occluded 26.1
Increment 13.3

TEST 2.

Reéting T14.0
Occluded 26.6
Increment 12.6

TABLE
CONTROLS
n - 8D
3.
7.
5.
7.
6 5.

120.

X

1.0
23.8
12.7

10.3
26.1

__ PATIENTS
n SD
20 2.9
19 .1
19 7.1
12 :
11 6.3
11 6.1

15.9

‘Mean fibrinolytic activity (F.A.

1.406
0.688
0.220

4,132
0.149
1.076

NS
NS
NS

<.0005
NS
NS

diameter of lysis

-mm) resting, after 15 minutes venous occlusion,

- v e M A e

- e an e o o———

- an -

e e e S e e s e e e o e v e v v - -

Test 1 and at Test 2 showing the t and P values

-t e o —

- - e - -

for the comparison of patients and controls at

each test point.
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DPLSCUSSION.

As previously discussed in Chapter IV many workers
have been interested in the possibility that a
relationship exists between obstructive arterial disease
and impaired fibrinolytic activity. -To date, however,
there is no conclusive evidences that such a relationshap
does exist. In the preceding chapters (VII and VIIDD
fibrinolytic activity, as demonstirated in euglobulin
fractions apptied to fibrin plates, has been shown to be
related to a numhgr of fagtors generally accepted as being
CoHaD. "risk factors" -~ age, plasma lipid tevels and blood
pressufe.

In this Chapter, evidence has been sought te confirm
or refute the existence of a relationship between the
level of observed fibrinolytic activity and the presence
of C.H.D. by comparing groups of patijents and controls
matched for "pisk factors”.

Accepting that it is impossible to recruit exactly
comparable patient and control groups, groups of healthy
men apparently clinically free from C.H.D. were compared
with men of simitar age, smoking habit, blood pressure and
plasma Llipid status,

Generally, resting plasma fibrinolytic activity was
found to be Lower in the patients with C.H.D. than in the
controls, Unfortunately, this did not always reach

statistical significance (Table 121), although Qith two
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excéptions, the finding of a Lower mean resting plasma
"fibrinolytic éctiv1ty in the C.H.D. patients than in the
'correSpohding healthy controls was reproducible. The
inability to gain statistical significance may have been
due to insufficient numbers in the groups being_compared.

This finding of Lower resting p{asma fibrinolytic
activity in C.H.D. patients than in healthy men does not
seem to be explained merely by the greater incidence of
men with elevated Lipid levels in the patient group than
in the control group nor by the differing age distribution
in the total groups, since even when aged-matched groups
of patients and controts with normat plasma Lipid levels
are compared, the patients still have lower mean levels,

Plasma fibrinolytic activaity after 15 minutes venous
occlusion was usually Lower in the patients than in the
controls at Test 1 but this was statistically signiticant
only when the total groups of patients and controls were
compared and in the total groups'of 30~39 year olds (Table
122).

This finding of lower post-occlusion fibrinolytic
activity iﬁ the patients than in the controls could not be
confirmed at Test 2. The reason for this is not clear.
Fewer subjects were tested alt Test 2 and alithough every
effort was made to retest as many subjects as possible,
only 75% of the controls and 591% of the patients tested at
Test 1 were re-examined at Test 2.

In agreement with the observations of other workers
(Chakrabarti et al 1968, Rosing et al 1973), we have found

that mean resting plasma fibrinolytic activity is lower in
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.men with CoHeD. than in heatthy men. Furthermore, we have
demonstrated that this lower fibrinolytic activity seems
to be independent of cbexis%ing C.H.D. "risk factors".
Unfortunately, the study model does not allow any comment
on whether this reduced fibrinolytic activity is important
in the aetiology of C.H.D.

The development and subsequent pe}sistence af thromhbi
may be the result of imbalance between fibrin formation
and dissolution. If this is so then indi&iduats Wwith
defective fibrinolysis may be at increased risk of
develtoping coronary atherosclerosis. Qur observations
would support this hypothesis. However, they do not
exclude the possibility that the Lower Ffibrinolytic
activity observed in the patients may be the result of the
disease brocess {rather than part of the cause).
Widespread atherosclerosis may be associated with poor
endothelial health and reduced activator production or
release. Examination of this particular preblem would
require a Llarge prospective study.

Rosing et al (1973) found that patients with C.H.Da
had & reduced diurnal dincrease in fibrinolytdic activity,
but the difference which he demonstrated was not
statistically significant. The dncrease in fibrinolytic
activity in response to venous occlusion is normaltly very
much greater than the increase due to the physiologic
stimulus of dijurnal rhythm. It was postulated that if
patients with C.H.D. do indeed have defective fibrinolytic
activity this may be detected by a reduced capacity in

response t0o venous occlusion. Although it appears that
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patients with C.H.D. respond less well to venous occlusion
than healthy men do, we certainly have not demonstrated
this convincingly.

A dilemma exists. C.H.D, 1is associated w4ith reduced
fibrinolytic activity, but, although it is an extremely
attractive hypothesis, there is no procof that impaired
fibrinolysis is important in the aetiology or pathogenesis
of C.HoD., Therefore, although pharmacologic enhancement
of fibrinolytic activity is possible, it would be
inappropriate to suggest the widespread use of synthetic
fibrinolytic agents. Clearly, however, attention must be
paid to the correction of modifiable C.H.D. "risk factors”
in the anticipation that amongst the benefits of lowering
blood pressure, reducing body weight and normalbising
plasma lipid Levels, there will be a physiological

increase in fibrinolytic activity.
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TABLE 121.

ALL 30-39 4D~49 50-59
Ages Years Years Years
P P P P
Total Groups
TEST 1 V <.o0s J <.005 Y <.01 |, <.po23
TEST 2 ¢ <.025 ¢ NS ¢ NS ¢ NS
Normal Lipid ‘
Subjects
TEST 1 V <.0008 J <.005 } <.025 ¢ <.025
TEST 2 l <.05 ¢ <.05 § NS L NS
Normal Lipid
Non—-Smokers
TEST 1 } <.0025 J <.01 J Ns Vs
" TEST 2 ¢ NS ¢ <.025 ¢ NS ¢ NS
Normat Lipid
Smokers
TEST 1 | <.o1 J s L NS
TEST 2 L <.05 - ¢ NS ¢ <.,0D005
Abnormal Lipid
" Subjects :
TEST 1 V<05 - LE ¢ <.01
TEST 2 |, WS - LE NS

Resting plasma fibrinolytic activity healthy

controls compared with C.H.D. patients at two test
points and showing the P values of the results of
comparison of total groups, subjects with normal

lipids, normat Lipid non-smokers, normal tLipid

smokers and abnormal Lipid subjects.

¢ indicates C.H.D. patients had Lower mean Level

than corresponding controls.

T indicates C.H.D. patients had higher mean Llevel

than ceorresponding controls.




TABLE 122.

ALL . 30-39 - 40-49 50-59
Ages Years Years Years
p p P P
Total Groups _
TEST 1 § <.05 ¥ <.025 J Ns b NS
TEST 2 poNS ¥ NS J NS poNS
Normal Lipid
.Subjects
TEST 1 J NS v NS NS J NS
TEST 2 A NS ¢ NS { NS -1\ NS

Normal Lipid
Non-Smokers

TEST 1 ¢ NS P oNs Y NS L E
TEST 2 L { NS | Ns A NS
Normal Lipid

Smokers

TEST 1 y NS | Ns NELES { NS
TEST 2 N ns - N NS v NS
Abnormal Lipid

Subjects

TEST 1 { Ns J NS NS T
TEST 2 VoNs - P s NS

Resting plasma fibrinolytic activity after 15
minutes venous occlusjon, healthy controls
compared with C.H.D. patients at two test points
and showing the P values of the results of
camparison of total groups, subjects with normatl
Lipids, nermal Lipid non-smokers, normal Lipid

smokers and abnormal Lipid subjects.

¢ indicates C.H.D, patients had lower mean Level

than corresponding controls.

T indicates C.H.D. patients had higher mean level
than corresponding controls.
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