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INTRODUCTION

Several authorsl’z’5

have reviewed the Qarly
literature dealing with bacterial pyrogen (herein called
pyrogen), and have listed the obssrvations of wvarious
workers concerning the pyrexia which had long been known
to accompany certain diseases, The cause of fevers
foliowing intravenous injections has been traceqd,
particular refefence being made to the work of

Wechselmann? and Hort and Penfold5. The work of Jona6

initiated systematié study, chemical and physiological,
of the nature of pyrogen, snd the researches of Se:l.ber‘l:’i'l;2
which were confirmed by Rademakere, finally 1dentified the
cause 6f the fevers which had been associated with the
intravenous injection of a great variety of therapeutic
materials, Suitable methods were then elaborated by which
pyrogen could be eliminated, or prevented from gaining access
to the solutions.9
Although the therapeutic use of vaccines continued
throughcut many years, little attempt was made to isoclate
the therapeutically active material from the complex
mixture of substancses present in a vaccine, until the
work of Co Tui and his colleagues in 19441°,

Since the o0lder literature has heen reviewed on

several occasions, it is with a review of the recent



literature that the first part of this thesis will be
concerned, An account will be given of reievant chemical
work which has resulted in the avallability of
prepérations of considerable purity for physiological
experimehts and clinical 1nvestiga£ion. The suépécted
mode of action of pyrogen will be diséussed, end reference
will be made to the therapeutic applicatioh of pyrogen
in a variety of disorders. |

The second part of this thesis will consist_of a
report of experimental work by the author, and it may
conveniently be divided into the following sections:
Section 1

Novel methods of preparing purified pyrogen from the
supernatant liquid of an inorganic medium culture of
Proteus wvulgaris,

Section 2

Investigation of a new index of pyrogenic activity,
utilising the shift to the left occurring asmong rabbit
neubrophils after the injection of pyrogen, and its
comparison with other indices of pyrogenic activify.

Section 3

General applicability of the new index of activity
using pyrogen from various sources

a) Pseudomonas polysaccharide



b) Lipopolysaccharide from Salmonella abortus
equl

o) Pyrogen from unknown sources as found in:

1) a commercial sample of Normal Saline,
which was found to be pyrogenic

11) pyrogenic distilled water
Seetion 4
Further similarities in the biological action of

pyrogen from different bacterial sources:

a) The induction of tolerance to pyrogen from
3 bacterial sources and the demonstmtion of the absence of
concurrent precipitin formation

b) The demonstration of cross tolerance in
rabbits to pyrogen from 3 different bacterial sairces
Section b

The detection of pyrogen in therapeutic materials
which induce hypothermia in the rabblt: 7
a) Injection of Calcium Gluconate, B,P,
b) ACTH



PART 1

A REVIEW OF RECENT LITERATURE DEALING
WITH PYROGEN
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The Chemistry of Pyrogen

The systematic work which followéd the early
empirical observabions on the nature of pyrogen led to
the recognition of its polysaccharide nature; and this
provided the impetus which prompted'succeeding efforts
to isolate preparations of considerable‘purity;

It will be shown that the activities of the various
wvar kers can be channelled into two investigdional
approaches, Firstly, we have the 1solds ion of pyrogenic
material from complex media in which vigorous bacterial
growth occursj or from bacterial bodies inwhich some
consider there is a greater abundance d pyrogen; and
secondly,isolation froﬁ a simple inorganic medium
culture of the organism after bacterial filtration, Both
of these methods present difficulties which have made the
selection of one or other, to a 1aﬁge extent a matter of
choice by the various workers,

In the first method, contaminating material occurs
in maximal concentration and more elaborate purification
is required; in the second, contaminants are minimal and
therefore purification need not be so drastic, but it
has the disadvantage that vefy large volumes of liquid
have to be handled,

It has not yet been shown whether any structural

differences exist bet ween the pyrogens obtained by the



by the different methods, but the influence of ‘
preparatory method 15 probably reflected in the apparently
conflicting results obtained by different workers, It

is well known, for example, that the type of medium used
can Influence the type of toxin production by toxin |
producing organisms.ll

The first serious attempt at isolation of purified
pyrogenic material was made by Co Tul et al.lo Using
E. typhosa, thsy selected aleohol and acetone prepipitation
as their method of purification and deproteinisation was
effected by phenol}3 Subsequent investigation showed that
the material obtained gave the reactions of a
polysaccharide and contained one glucosamine unit for
evry 6-6 hexose units, '

For the rabbit it was found that 0,06)/kg satisfied
their definition of the Minimum Pyrogenic Dose (MPD)

In the same year, the preparation of pyrogenic
material from Triple Vaccine, Pé.pyocyaneus, and
P.vulgaris was describedls, Again, acetone precipitation
dyalysis, snd deproteinisation formed the basis‘of the
method, Analysis of the product confirmed the report of
Co Tul et al.lo that pyrogenic materisl was largely
polysaccharide in nature,

Darel® has recently modified this method and has



produced pyrogenic material (also of doubtful purity)
which he has investigated in humans,as well as rabbits,
f£inding that the minimal effective dose in rabbits was
0,027/kg, and the EDgo in men was 0.09277kg.15

~ Beck and Fisherlv have investigated the pyrogenic
properties of a lipopolysaccharide prepared from Serratia
marcescens by Shear et 31.18 who first showed that this
material possessed tumour-~hacmorrhagic properties in
 small doses(0.1y). Significant rises in temperature
could be obtained with a dose of 0.0057/kg in rabbits and
the lethal dose was about 4000 times the MFD,

In the preparation of this material, in order to
lighten the burden of subsequent purification Shear and his
colleagues18 used a simple inorganic medium (+glucoss)
rfor ths growth of the bacteris; and they found that the yield
from such a medium was not less than that from a complex
mediumn,

They used a chloroform precipitat ion method and found
that efter shaking 1 volume of. filtrate with 4 volumes of
chloroform the activity resided in the chloroform=protein
amulsion layer which was removed and worked up for pyrogen,
"Having thus achieved substantial reduction in the bulk of
the liquid, the active material was dissolved in water from

which it was precipitated by 6 volumes of alcohol,
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67% of the material consisted of sugar residues
and phospholipid was present as a i‘irmly'bound complex,
The material was heat stable and had a molecular weight of
obout 8 millionst® This wes the first time that the
presence of phospholipid had been reported in pyrogenic
material.

Ikava et al,?l have isolated from E,coli a tumour=
necrotising agent which has been shown to be a powerful
p;rrc:gf—;nz2 and lipopolysaccharide in nature. Isolation
was from both the bacterla and the medium in which they
had been grown, the medium used being simple inorganic
(with glucose and asparagine), Liquid bulk was reduced
by distillation, which was followed by dialysis and
eleotrodialysis, f£inal purification being effected by
ethanol fractionation,

The activity resided in the lipopolysaccharide
r tion, and chemical investigation showed that 1t was
possible to 1solate from the active agent, sugars and
phospholipid which yielded fatty acids on hydrolysia??’

The preparation of a pyrogen which has been the
subject of extenslve clinic-al trials is reported dy
Nesset et al, 24. who harvested their pyrogen from the
cells of a Pseudomonas species (ATCC No ©229) grown in a
complex medium, Their method consisted of ths tryptilec



digestion, dialysis aond lyophilisation of a washed cell
preparatién and the product had aﬁ MPD of d,sz/kg for rabbits,
The presence was confirmed of polysaccharide and reducing
sugars and tightly bound nucleic acid « an observation made -

25 _ and the study was extended to include

by others
preparat;ons from other Gram=negative organism326 in which,
in all cases, free lipid was found,

27 that Gram-negative organism$é share

It is agreed
the property of being the most coplous pyrbgen producers,
and Westohal and his collaborators have developed a method
whereby pyrogen in a pure state can be extracted from Gram=-
negative organisms, Westphal favours‘the»belief that yields
are greater when bacterial bodles are used as the source of
pyrogen. |

An acetone-dried preparation of E,coli which has been
grown in a complex medium is extracted with phenol at 65°B8
and on cooling the upper agueous layer contains the
polysaccharide and nucleic acids while the lower layer
contains the protein, Dialysiszg and evaporation of the
aqueous layer is followed by precipitation with 10 volumes
of alcohol, and the nucleic acids are removed by alcohol
fractionation at controlled pH, further purification being
effected in the preparative ultracentrifuge to yield a pgre

polysaccharide pyrogen free from protein and nucleic acid,



Electrophoresisso

can be uséd in place of ultracentrifugation
in the final purification, but a variety of intermedliate
fractions is obtained resuiting in poorer overall yields,
These workers claim that when the rough form of
Gram=-negative ia ﬁsed the pyrogenically active group is
attached to protein instead'of polysaccharide?o
Fractionation of an acetic acid hydrolysate yielded
a lipidpfree.pblysacchayide which'possessed only one-
thousandth of the asctivity of thec original materail; and 1t
gseems from these results that the polysaccharide is inert
when stripped ofthe 1lipid moiety = a conclusion which is
not wholly upheld by the subsequent work of othersd0
Paper chromatography was used in the identification
and estimation of the component sugarasg which comprised
about 747 of the lipopolysaccharide (Shear found 67%) of
the remaining 26%, 12-137% could be éccounted for by
phospholipid, leaving 137% for which the data suggest lipid.
With this lipopolysaccharide pyrogen maximum rises in
teﬁperature (2-246°C) in rabbits arc obtained with 1)/kg;
and the MPD is given as 0,002%/kg, the lethal dose being
at least 10,000 times the LPD,
Investigation of the Fhysical-chemical properties
of coli pyrogen®3 showed that it eonsists of spherical

fundamental unlits having a particle weight of about 1
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million, aggregation occurring in solution to give a
particle weight of about 20 million,

It is essential to mention the relationship which
exists between this work and that reported in connection
with the preparation of Gram-negative "endotoxins", Van
Heyningen54 has reviewed this work and draws attention to
the phospholipid~-polysaccharide complex first described by
Boivin, vhen it appeared to be the complete dominant
O-somatic antigen, Morgan55 later ehowed, however that
the complete O antigen consisted of a phospholipid-
polysaccharide~protein complex,

The relationship between the O antigen and the
pyrogenic lipopolysaccharide of Westphal is not clear, but
degraded polysaccharide and lipopolysaccharide from the
0 somatic antigen of Shigella dysenteriae have been

36

prepared and studied and the following order of antigenicity

and pyrogenicity were founds

Degraded polysaccharide non-toxic pyrogenic
non-antigenic (2-57/kg)

Undegraded polysaccharide poorly toxic  pyrogenic

weakdy (0.05Y/kg)
antigenic
Lipopolysaccharide toxic | very
Porssman pyrogenic

entigen (0,002)/kg)
Lipopolysaccharide is only weakly active in producing
agglutinins and precipitins in the fabbit,



11

The only difference between the undegraded
pblysaccharide and the lipopolysaccharide is that the latter
contains phospholipid, and pyrogenic activity has bcen
attributed by Westpha129 to the presence of this phospho=-
lipid combined with polysaccharide, This phospholipid
is distihguished from the inactive phospholipid wniéh
cén be removed from the 0 antigen by formamide. Davies
et al.36 feol however, that this phospholipid may not be
the only factor conferring pyrogenicity since the undegraded
polysaccharide from which no phospholipid could be Esolated
was also found to bo pyrogenicin rabbits, but they suggest
that the lipid portion may also be responsible for conferring
on the lipopolysaccharide the property of belng a Forésman
antigen,

The whole aﬁtigen is also pyrogenic, more so indeed
than the undegraded polysaccharideyd and this fact has
probably been recponsible for initiating the misconception
that pyrogenicity is a property of antigens. It is clear
that
ag the whole ahtigen is pyrogenic

b) the lipopolysaccharide pyrogen (which is more
strongly pyrogenic than the antigen) is not antigeniec,
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The Physiology end Pharmacology of Pyrogen

A well established sequence of reactions is
recegnised as following the introduction of pyrogen into
the blood stream of nman and animals, It is suspected,
however, with good reason, that this eequence 1s known only
in outline, This sequence may be outlined:
intravenous injection of pyfogen
//SOV- 90 minutes in man} No temperature change
latent period

\15 - 30 minutes in rabbits, cats, and dogsl 40
Can be reduced by larger doses

rise in body temperature

i
leucopenia

45 minutes after injectionjlasts at least

20 minutes and is roughly proportional to %os§
4]

peak temperature 2«3 hcurs after injectiam ;may be followed

by a second peak in 4-6 hours after injection

\

l

leucocytosis  polymorphonuclear, with a shift to the ieft.
Lymphopenla end eosinopenia may persist

The‘latent period

The period of time which elapses between injection of
pyrogen and rice in body temperature has suggested that the
action of pyrogen is indirect, and that some change in its
nature, or some reaction in which it takes part makes a
substance available which then cssumes the eausal role,

Interest in the latent period began with the observation
that greater fever with earlier onset and longer duration
could be produced in rabbits if pyrogen were incubated, prior
to injection,withnormal rsbbit serum®5s4% while 1t had
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earlier been shown4® that serum cultures of bacteria yielded

ebout 10 times the amount of pyrogen which could be obtained
fron an ager culture, |

The febrile blood from rabbits given an injevtion of

pyrogen 3 hcurs previously, displays an abbreviated latency
on reinjection59 and this shortened latency 1s also
observed when blood is Incubated with pyrogen and reinjected,
It has been suggested that a fasteacting "endogenous pyrogen"
1s formed in the presence of blood components, and that the
endogenous pyrogen is present in the circulating blood from
30 minutes to 3 hours after the pyrogen injection. It is
not xnown whether this ehdogehous pyrégen is modified
pyrogen or a blood constituent,

Plosnz from pyrogen-tolerant rabbits differs in its
ability to rasct with pyrogen to form endogenous pyrogen?6
One of the features of tolerance 1s a prolonged lateacy;
and the injection of the incubate of pyrogen with normal
plasma into refractory animals decreases this protracted
latency, whereas on incubation of pyrogen with strongly
refractory plasma'and subsequent injection, the protracted
latent period is not shortened, o

The existence of"augmenting substance" which hoosts
the febrile activity of pyrogen, and of"inhibitors™ which

postpone or prevent hypothermie responses have been suggested%

7



14

in partial explanation of these findings. It is not fully
understood why the augmenting effect should be seen only in
vitro, but Farr ct al.47 have suggested that a balance between
the concentrations of augmentors and inhibitors is held in vivo
end that this balance may be upset by repeated pyrogen injection,
resulting in a depression of the formation of endogenous

pyrogen.

Tolerance to Pyrogen

Tolerance to pyrogen 1s ¢videnced by decrease in
height and duration of fevef, but repeated pyrogen injections
fail to reduce the response beclow a certain minimum value
which varles with the frequency and size of dosage used.
Purified pyrogen and pyrogenis vaccinés are alike in inducing
tolerance to the pyrogenic effectso??

it has been founfl that tolerance in rabbits will
disappear in about 3 weeks?o a conclusion which has been
emply confirmed?z

‘Beeson®! found that it was possible to abollish induced
tolerance to pyrogen in the rabbit by blockading the reticulo-

endothelial system with colloidal thorium dioxide®r

and these
results have been interpreted to indicate that the
development of tolerance is evidence of the onset of a
functional change in the reticuloendothelial system.

Involvenent of the antigen-antibody reaction in c¢lassical

fbrm, in the development of tolerance becomes less likely as
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evidence accumulates} It has been suggested, however that

the pyrogenically active group is accomodated on some larger
carrier-molecule,c, g, polysaccharidel® If this is so then it
is perhaps possible that the pyrcgenic group may be separated
in vivo from the carrier molecule which, if 1t is antigenié¢
per se could proeeced to teke part in an independent antmgéﬂ—
antibody reaction.

Perry®® found that the eirculating antibody to a pyrogenic
preparation from Pe. vulgaris ( its purity was not indicated)
does not diminish the febrile response to pyrogen, and concludes
that antigenicity cannot be concerned in the phenomenen of
tolerance to pyrogen.

Separation of preoipitiﬂogen end thermogenic substances
(from Ps, acruginosa) has been claimed®®, while several workers
have been unable to relate the levels of serum antibody and
tolerance to pyrogen using a preparation which contained both

48,52,58

entigen and pyrogen, and several others have also

obtained results which do not indiecate the involvement of

58,60

specific antibody in pyrogen tolerance. The slight

residual antigenicity demonstrable in Shear's polysaccharyde

has been attributed to persistent impurity?l’ﬁz

It has also been shown that no relationship exists
between the pyrogen-producing capacity of E,colil and its

possession of capsular, flagellar, or sonatic antigcn63
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Rise in Body Temper ature

It has been c¢laimed that pyrogen fever is accompanied
by increagse In oxygzen consumytion§4 but Rodney and Welcke<®

using pure pyrogen and working with varlous animal tissues

in a Werburg apparatus showed that pyrogen did not stimulate

oxygen uptake,

Increaced heat production during thes chill-phase
following the injection of typhoid vaccine has 4 so been
reported§6’67

9 7
Cutaneous vasoconstrictionast6 * O with reduction in

70-73

skin temperature has consistently been recognised as a

‘)cag§a1 factor in thc febrile response tc pyrogen, and this

vastheconstriction in the rabbit ear has been showun to be

abolished by btellate,ganglionactomy?4

Torking with curarised dogs, Wolls and Rell >* 'O

found
that under such condltions where increased heat productlion due
to increased activity of skeletal muselc cannot occur, pyrogen
fever c¢an be produced, and the authors conclude thaﬁ the
mechanism is one of considerable heat loss,

Although the hypothrlarms appears to be essential for
body temperapure regulation}?s78 differcnt groups of-workers .
have been unable to assign a definite role to the hypothalsmis
in the mechanism of pyrogen fever?g’so

In an endeavour to locate the site of acticn of pyrogen

in the central nervous system, Charbers et al.40 studied the
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effect of pyrogen on dogs and cats% normal and with vaious
neurological lesions, and concluded that for the production of
pyrogen fever which is medlated by the CNS, a functional
communication of the spinal cord with one or more centres of
the braln was essential; and that on integrating mechanism
exists in thc medulla oblongata and/or spinal cord which
could mediate a pyrogenic fever when connected with the cord
below the cervical region.

Stuart®l

holds the view that febrile responses are
indicative of central ﬁervous action, whereas other effccts -
which may be elicited by sub-febrils dosés of pyrogen are
evidence of on effect on target tissues as well as one
mediated by the adrenals, |

The study of the relatlionship between ccll stimilation
or injury and pyrogenic fever has acquired a vast literature,
Pyrogenic material has been obtained from sterile exudates
during aseptic inflammatéry injury82¢83 and the separation of
a thermogenic factor from those which produce leucopenia
and leucocyto sis has been claimed4 However, Graﬁt§5using
Menkin's pyrexin derived from exudates, suggested that this
was not the complete explanation of pyrogenic fever,

It has also been claimed that substances causing fever

and leucocyte changes similar to those elicited by pyrogen

are to be found in nornal human urine, and that their
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concentrationincreases in conditions involving 1nflammat6ry
processesS0s87

Human leucocytes are damaged as a result of in vitro
contact with pyrogen?e_and Westphal et al.87 claim that their
experiments show that pyrogen has a particular affinity for
the outer layer of cells, especlally erythrocytes and
leucocytes, and they conclude that exogenous stirmlating
materials (of which pyrogen is one)lbecome attached to the
cells by means of specific receptors.g9 The specificity may
be for the lipid or phospholipid group. This fixaticn on the
éell boundaries with resultant distortion and possibly
irritationis postulated to stimulate the liberation of
endogenous pyrogen which 1s then responsible in a humorél
manner for initiating the chaln of events which Zollowg,

120 may be

The results obtained by Bennett and Beeson
connected wity these findings. These workers found that of
the extracts of several tissues injected intravenously into
rabbits, only an extract of mechanically disrupted
granulocytes was effective in stirmlating significant risés
in temperature,

Ag well as altering the boundary laycr potential of the
cells to which 1t 1is fixed, pyrogcn appears to cause
inereased phagocytic tendency?s and in thls connection it

is interesting to note that cortisone, which can exert a
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strong antipyretic action, reduces the stimulating effect of
killed typhoid bacilli on the phagocytic activity of the RES}65
Zvidence of the stimulating effect of pyrogen on the
leucopoietic, phagocytic, and reticular ele~ents of the body
i found in the work of Windle ot al,”l and also of Staurt®0
who found that the skin lesions in rabbits which had been
used to demonstrate the Arthus phenomenon‘hsaled nore
quickly when pyrogen was administered, Others 92 nave
dcmonstrated the beneficial effect of pyrogen on the
survival rate in thermally injured rats, and it has slso been
showvn to expedite the succéssful recovery from frostbitten

skin.g5

Characteristic changes are induced in mast cells166 as

a result of exposure to pyrogen and it has been suggested that
enzyme systems are involved in connective tissue

permegbility changes?l

The leucocyte response to pyrogen

The alteration 1In blood picture following the
intravenous injection of pyrogen 1s one of the most
consistent effects of pyrogen in man and animals, and several
authors®2s87,94 have obscrved that leucocytosis can still be
élicited when the dose of pyrogen is too small to disturb
body temperature.' . |

The pattern of the white blood cell response involves
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a general leucopenia commencing 5 minutcs afier in;jection1
and perasisting for about €0 minutes, vhen it gives way to
a polymorphonuclear leucocytosis with a shift td the left
which attains a maximum value in rabbits 3 tp 4 hours after
injection?’5 The polymorphonuclear leucoceytosis is
haintained in the presence of a persisting and sometimes
1ncreasing lymphopenia and eosinopenia?z The leucocytosis
abates after 24 ho'rs but the chift to the lert requires a
few days to accomplish a complecte retreat?s This sequence
has been demonstrated repeatedly in man and animals$2.81,9-106
The temp:r ature response is believed to be mediated by

the CNS, but it is knovm<2?94+107,108

that the beneficial
effects of pyrogen therapy may bs obtained in certain caées
with the use of sub-febrile doses whiech are accompanied by
a leucocytosisg and the artificlial sceparation of the
temperature and leucocyte responses hag been achiecved by

Yestphalet a1, 50110

whose acetylated pyrogen from E,coli
is more effective in stirmlating the tcmperature response
than the leucceyte response,

10,111
110,111,112 in

The changes which have been observed
endocrine organs after pyrogen administratiam have been
described by selyelld ns typical Alarm Reaction changes,
and he states that they agree with the assumption that
bacterial pyrogens exert their beneficial effect through'the

production of an Alarm Reaction, It os well known that .
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cortical extracts and ACTH produce white blood cell changes
similar to those seen after the injection of pyrogen];l4
and it has been shownll® thatthers is a significant
increase in urinary corticosteroid-like substances after
treatment of hypertensives with pyrogen.

The relationship between inXlammatory processes snd
factors which influence the blood plecture has already becn

84,86,87

noted and several of these factors have been 1isolated

from body f1u1d584986 and from lcucocytes themselves}16
while Westphal et al 80 conclude that the effect of
inflarmatory processces 1s undcr the ;nfluence of the .
pituitary-adrcnal systen. \

Yne 1ymphopenia and sosinopenia which follow the

1,65,117 3 purc pyrogenl?42

injection of bacterial vaccines
suggest stimilation of the pituitary-adrecnal system, and
inereased production of ACTH has been found to follow the
injection of coli vaccine:}l8

Although the leucocyte response in the dog to ACTH
and topyrogen are superficially similar, adrenalectomy
modifies the response to ACTH but not-ot'pyrogen; pyrogen
administered to adrenalecctomised dogs induces a leucocyte
response but of milder intensity?® In adrenalectomised cats
on the other hand, the typical leucocyte response to pyrogen
could not be produc;:d?8 but was restored by the

implantation of adrenal piéces?7
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Therec iz also histological evidence of the
participation of the pituitary-adrenal system in the pyrogenic
responge and this includes reports of cytological changes
in the pituitary, adrenals, and other endocrine organs, ss
well as lymphoid and myecloid organs?l’llo’lll'llz

Stuart81 has noted an increase in plasma ascorbie |
acid during the leucopenlia of the pyrogen reaction, and its
subsequent dcpletion during the leucocytosise The relation
of this change 1In ascorbic acid distribution to the effect
of ACTH, which also causes leucocytosis, on ascorbic 3316167
is not clecar,.

The conncecticn between the stirmlation of the tissue
cells by pyrogen and the role of the pituitary-adrenal system
in the pyrogcnice responsc nay possibly be found in the
theory of Sayérs and Sayersil? which suggeste that in
conditions orf sotress the demand of the peripheral cells
for corticnl hormones increases, resulting in a reduction of _t—
the blood level of cortical hormones which stimulates ACTH
producticn by the pituitary, The ACTH produced in turn

stirmmulates the adrenal cortex to satisfy the dcmands of

the cells for more cortical horrmones,
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Therapeutic Applications of Pyrogen

ft has been shown repeatedly that the response of the
human subjec£ to the injection of pyrogen closely rescmbles
that elicited in the laboratdry animal, with the exception
that humans appear to be more sensiﬁive}o’zg’IZI Why this
chould be co 1o not known, but when it is remcribercsd that
pyrogen triggers off some sort of chain raectiomm which
involves cndocrine organs, a mobilisation of body defences,
end a comblnation of other physiolozical effects, sonme
explénation can perhnps be seen in the reasonable surnilse
thaf this process is more highly integrated in human beings
and thercfore requires less initial stirmmlation,

The empirical use of vaccines and protein shock therapy
in a variety of disorders has hecn knovn for nany ycars and
favourable results have often been reported, With the
purification of pyrogen; however, it has gradually become
clecar that many of the beneficlal cffcecets of the uce of these
crude materials can be obtained using pure pyrogen preparations
in microgram doses, with‘tye absence of unpleasant
complications ond sid: effceets scen with these older materilds,

A pscent significent advance in pyrogen therapy has
been the successful use of a Pseuvdorionas polysadcharid&
pyrogen ('Piromen} formerly 'Pyromen') in allergy,

dernmatology and various other conditions in sub-febrile doses,
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Some cliniclians have used pyrogen in sub-febrile doses,
some have used febrile dose: and suppressed the fever with
antipyretics, and others have ussd it in conjunction with
other forms of therapy where the combination has proved better
than either alone, The rationale for the use of pyrogen
in so many varied disorders lies in its vigorous nOn-specific
stimilation of the body defcnces,

Allergy

The similarity between the leucocyte response to ACTH
cortisone oand pyrogen, and thc fact thad pyrogen appears to
stimulate the plitultary-adrenal system, together with the
noted beneficial cffcet of these hormones in allergy, suggested
the use of pyrogen in allergy.

2

Sub-febrile dosage is I‘avoured4 and the intravenous,

intracutansous, and oral routes have been usedf2’94’107’122
It 1s important that dosage should be 1ndiv1dualised}25

An increased sense of well-being and riental alertness
often accompanies pyrogen therapy'?z’gd"ms’l%’m5

Dermatology

Fe’b:c':l.lel‘36 and sub-febrileld4 dosage of pyrogen have
‘been used in the sucecessful trea-tment of certain
dermatological condlitidéns, As in the treatment of certain
allergzic diseasces, the best results seen to be obtalned vhen
pyrogen 1s given in conJunction with other more'specific or

traditional forms of treatment}27
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Besides becing as cffective in some cases as ACTH or
cortiscne, pyrogen therapy heos the advantage of not
rroducing endocrins imbalonce or withdrawal synpt ons
which often accormany treatnent with these hO?ﬂOHES.lgg

Goold regsults Hnve been obtalned in the treatnent
of otitis externa,127 neurodsrmatitisiO8 ona in other
various d-ormotologiceal conditionsi®9s180,151

Nzurolory

Littlo thezrapeutic apnlication has been madc of the
exporimental results of Windle and his colleazuesid2-18§119
in the hzaling of trangsectced snlnal cords without glial
barrier formniion, Onc reportlﬁv concerning thé treatment
of ccoes of apinal cord injury ond dlscase gives a modest
fizure of 107 benefleisl results and states that dosage

and duration of treatment weres inadenuate and that the

rconlts Justified further more comnrehensive trialse.
138 in

|

Successful use has been nade of c¢oli vaccine
acute anterior poliomyclitis, snd of Pseudomonas
polysaccharide ("Pironen') in bulbar ond encephalitic
poliomyelitis}gg

Acezlerated ncuroregeneration of sévered nerves of
the corncal cplthelium has also been achieved.142

Some success has also been achieved in tho

treatment of rmltiple sclorosistéOs1l%l
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The use of pyrogen in the treatment of ncurosyphilis
is well known1411145’145 and offers ndvantages over the use
of vaccines and cabinet heat in tha the dose can be more
accurately mcasured, and the side c¢ffzcts are fewer,

It is not known vhether fever in itself effects
an increascd mobllisation of body defences in additicn
to that effected by pyrogen (as shovm by sub-febrile doses)
but Doan144 has schowun that physical heat produces blood
ceitl changes sinmilor to those seen after pyrogen Injection,

and Selya-i®

concludaeg that the offects Imve the corrod
denoninator of mild stress which stimilaten body defence,

Mda Lemant hyvertengion

Lneouraging results, with the reveorsion of the
nalignant phase have been obtained in the pyrogen treatment
of selected cases of rnialignant hypertension. Febrile
desage vas employed.146’147’148

Renair of dnmarsed tisgue

It hns already been pointed out tha£ pyrozen will
stirulate considerable regrovth of dnmoged tissue, and
this hags been partly explained by the ephancement o
vascularisation in the area, and'stimulation of the
pituitaryhadrenai and reticuloendothelial systems, This,

together with the experimental results concerning the
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inhibition of gastric motility'®0 ana gastric

seeretiont®ls152 in doss, and the ulcer inhibiting action

1 - (s
of pyrogen in the Shay rat}4“ gecna to afford cone explanation
p

of the excellent results obtained in the treatment of
- e
duodenal ulcers in nana 184

The fibrinolytic action of pvrogen
1E6

Vaceines and pyrogent®S have been observed to
possces a fibrinolytic action, and use has bcen made of
this in the lysis of lung nodules in tases of resistent
tubcreulocic. 97  The orgonisms liberatod after
£ibrinolysis arc than attacked by chemotherapeutic agents,
Other uscs of pyrogen in therapeuticéhave been the
detection of focl of infectim in which pain is experienced
after the injection of pyrogen}BB thc treatmeont of acute

Bgin‘fl armatery polyneuriti S%Ggiphtheria

rheumatic diqease}
carriers%61an& in the treatmont of drug~agranulocytosis}62
A congiderable amount of evidence has accumulated to
show that it ig jpossible to otirmlate by innbcuous means‘
a protective responsge in the body, which is comparable in
vigour to that with which the body responds to insults
such ac injury, infection,etc.; cnd the resﬁonse con be
eliclted by pyrozen, This was the foundation of non-

- speciric therapy which has been reviewed by Petersen}64and_

it ig tempting to speculate that pyrogen or the endogenous
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pyrogen whoge production it 1s belicved to stirmlate, is
the corron active Factor in such a Aivorsity of

thzrapeutic nmaterials mentioned by'Petorsen
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SECTION 1

Novel methods of preparing purified pyrogen from the

supernatant liguld of a largely inorganic medium

fony

culture of Proteus vulgaris.

It has already been pointed out that pyrogen nay
be obtained from the bacterial cell<C o2 op from tho
cell-free mediumli®=20 in which the bacteria have grown,
or it can be obtained from both ot once?l’zsnifficulties
attend each method; when bacterial cells are used the
subsequent purification rmust be vigorous and elaborate;
when thce cell-free supcrnatant liquid 13 used a large
volume 1is required if uscful Quantities of pyrogen arec
to be obtained,

Clearly then, the cell-free supernatant liquid
fromn an inorganic mzdiun culture will provide a source
of pyrogen with a minirmum amount of complex material

requiring removal, the remaining problem being the

reduction in bulk of the liquid since the concentration of
/f{f W \

pyrogen 1g very small despite the conslderable activity
of such a solutiocn,

Shear accomplished thigt820 using a chloroform
precipitation method followed by alcohol precipitation,
It has also been found that by adding a solution of |

benzoic acid in an organic solvent to the agucous



30

supernatant liquid containins the pyrogen, the pyrogen
1s brought down with the precipltated benzoic acid from
Thich it is later separated by elution with a volums of
water maﬁy times smaller than that from which it was
obtained.l68

The experiments reporte@ here were pe formed with
the object of reducing the bulk of liquid in which
the pyrogen resides aftor bacterial filtration of an
inorganic medium culture of Proteus vulgaris,
Precipitation caﬁ then be effected with alcohol anmd/or
acetone in volumes which orec nmore easily handled.
Mediunm

A simple inorganic medium (+glucose and nicotinic
acid) in which Proteus vulgaris will grow luxuriantly

was prepared from the following materials:

armoniun phosphate (NH,) HPO, 4,0 G
sodium chloride NaCl 1,0 G
potassium dihydrogen phosphateKH2P04 1,0 ¢
magnesium sulphate MgSO .7H20 O G
ferrous sulphate Fesoé. Hgo trace
d-glucoce (dextrose) 10 @ _5
nicotinic aclid 2x10 M
water (apyrogenic) distilled tol litre

Care has to be taken in the pfeparation of this
nediun: the glucose cannot be autoclaved with the salts
othervise a considerable amount of caramelisation will

‘ocecur and nmaxirmum bacterial growth will not occur, A1l

the salts cannot be autoclaved together or a heavy



31

precipitate willl be obtained presumably from the
nagnesium and phosphate in presence of ammoniurni,

The medium was prepared in 3 litre lots. The
nagnesium sulphate was autoclaved viph the glucose in
275 mls of apyrogenic water; carc being taken ﬁot to
allow the pressure of steam in the autoclave to cxceed
10 1bs pcr sguare inch, in order to prevent caramelisation
of th¢ glucose, When this solution had cooled it was
added to the autoclaved solution (about 2700 mls) of the
other salts and nicotinic acid which had also ben allowed
to cool to about 37°C. The medium thus prepared was
then inoculated with about 2 mnls of a saline suspension
of Protcus vulgario which had been grown for about 24 hours
on an agar slope. <ncubation was then allowed to
proceed for 4 days at 37°.

Proteus wvulgaris was chosen as the source of pyrogen
because 1t produces pyrogen coplously , is relatively
non-pathogenic, and grows luxuriantly in a siméle niediumn,
A smooth strain was used,

Rermoval of the bacterial bodiles

After 4 days growth the culture was clarified
using a high-speed supercentrifuge (Sharples), and
sterilised by filtration through Doulton filter ecandles

(bacterial grade) to give a cell-free supernatant liquid,
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vhich was dilalyscd against tap water for 8 hairs ond
rcagterilised by filtration.

Concentratlon of pyroren

A The use of depyrogenising charcoal

ft is well knovn that solutions may be depyrogenised
by shaking with activated charcoal,l76s177 an attempt
wags therefore rnade to adsorb the pyrogen onto charcoal
in order that it night later be ecluted from the charcoal
by a volumes of water smaller than that from vhich it
was adsorbed,

To 1 1litre lots of pyrogenic supernatant were afified
15 G depyrogenising charcoal and these wcre shoken
during the followving 3 hours after which the charcoal
was removed by paper filtration, the filtrate bheing
irmediately tested for pyrorenicity. It was found that
the use of 15 @G charcoal per litre of pyrogén solution
succesefully removed the pyrogen.

Adsorption was carried out at pH 5 (the reaction of
the pgrowth after incubation) and at pH 7 (adjustment
nade With% Naoﬁ, and no advantage was found in
adjusting the solution to pH 7 before adsorptim.

BSeveral attempts were then nads to elute the pyrogen
from the charcoal with apyrogenic water and with buffer

solutions at pH valucs ronging from 6 to 9 but in no case
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case could pyrogen be detected in any of the'eluates
obtained., It was thereforc dccided to abandon this
method for it seemed imposeslble to elutc any of the
pyrogen from the charcoal onto which it had been adsorbed,
B The use of Scitz filter pads

Several authors have reported that asbestos filter
pads will remove pyrogen fronm solution as filtration

proceeds?’l78

and it has becn shown that the adsorbed
pyrogen nay be eltuted from thece pads by an alkaline
eluting fluid, nmaxirmum eluticn toling place at pH 9-12,
but 1t was rcported that the eluted pyrogen rapidly
deconposed in contact with the cluate.

An attemnt waa therofore riads to recover the pyrogenﬂ
before deccomposition took place,

A hishly pyrogenic solution wac producsd, clarificd,
dinlysed and stérilised a8 already described, This
pyrogen solution was then sucked through Seitz filter pads
(Ford's sterimats, 3.6 cm diamcter) and the filtrate
was found to be pyrogen free (for detalls of the method
of pyrogen testing sce Section 2), It was founf that
these pads weuld depyrcgenlse at least 300 mls of the
pyrogen solution,

An alkaline eluting fluid of pH 9 was uscd to elute .
the pyrocen from the pads since at this pH a high degree
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of elution oceurs, and although even greater elution
occurs at higher pH valﬁes, tha rate of decomposition
of the eluted pyrogen is consilderably accelerated.

The eluting fluid uged consisted of a soluticn
of sodium phosphate (Ea2HP04.12H20); 30 G in 500 mls
which had a pH about %.%2. Solution of I{aOH at pH 9
was found to be uncsatisfactory and rmch of the pyrogen
could not be recovercd, cven vhen the eluates vere
cdjusted irmediately to pli 5 or to pH 7. Riszcs in
temperature vwere of the order of 0,5 « 0,49, as
conmpared with riées of about 1,5° vhen cquivalent volumes
of the oripginal pyrogen coluticn were injecteds Using
sodium phosphatec solution as the eluting fluid, however,
it appeared that at least 907% of the activity could be -
‘recovered in moro conccntrated forny,

“ha eluting fluid was left in contact with the
Seitz pad through vhich the pyrogen solution had been
passe& immediately beforchand, ond after about 10 - 15
nminutes gentle sueticn was applied in order to draw the
liquid through at the enallest practicable spceds Hpout
100 mls of eluting fluid were passed through cach filter
pad and the eluate (pH 8.6 = 940) was adjusted irmedistely
to the pll (5) of the original pyrogen solution obtained
from the bactcerial growth by means of g:HCI, the final
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volume of solution of eluted pyrogen being about 140 mls.
'/t group of 6 filter units weroc used & one time
and tynical voluniss werc:

volume of original pyrogen solution

pascsed through filters 1650 mls
volums of eluting fluid 500 mls
volume of eluate after adjustmsnt tp pH 5 700 mls

It 15 pceen that this operatien has accomplicshed
a two-folft concéntratioﬁ of the pyrogecn solution: the
pyrogenic activity of the adjusted eluats wos in most
cases double that of the original solution (volume for
volume). |

Lo the cluate (pH 5) 5 volumes of alcchol wero
cdded ond the precipitact was allowed to settle in the
refrigerator overnight (erystals of sodium acetate woere
added to coriplete precipitation), On centrifugation
the cloudiness resolved inte cnother more viccous
liquid phase together with a small anount of so0lid material.
If, instead of centrifuging on the following nmorning, the
precipitate werc left for several days largce crystals
formed which appeared on testiﬁg to be sodium phosphate,
1t was found, however, that thesc crystals on rcrioval
and solution in apyrogenic water dlsplayed pyrogenic
activity. ?his can only be explained by assuning that

it was difficult to free them from small amcunts of
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pyrogen precipitated at the same time,

?he viscous liquid and the solid material
preclipitatde were taken up in épyrogenic water ond dlalysed
for 4 -5 days first against tap water ( 1 day ) and then
against distilled water for 3 = 4 days at ebout 2 - 4°C,

The contents of the dialysls sac werc then added
to 10 volumes of acctone (+ 0.4% glaeial acetic écid)
and the precipitate which was allowed to settle overnight
in the refripgerator was ¢ollected and drled in vac over
PO |

The MPD of this material was found to be 0457/kz
(this gave a mean rise in temperature in rabdits of 0,63°)
and ppectrophotomstric exomination chowed the abscnce
of nuclelc acidgy edd hydrolysis liberated rcducing sugar,

It appears that it 1s better to elute the pyrogen
by sucking the cluting fluid through tho asbestos pad
rather than soaking the pad ﬁhole or broken in the
eluting fluid as has been done by others? It also appears
to be essential to adjust tlic eluate immediately to a
slightly acid reaction, In this manner tne pyrogenic
activity can be preserved.,

C_Reduction of 1liquid bulk by freeze-drying

It is known that the dialysed supcrnatant liquid

from an inorganic mcdium culturc of Proteus vulgaris can be
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offer a suitable method whefeby the liquid bulk could
suiltably be reduded befors praeeipitating with aleohol
or acetone,
Ths apparatus avdalable for frceze-drying had a
naxlirun caracity o 600 mls.. The pyrogen solution

was prcparcd as before from a grovth of Proteus vulgaris

end 600 1ls were divided into 60 x 10nl freeze-drying
ampoulcs and spin-freeze-dried overnight. Only the
primary drying process was carried out because this
rerioves about 98¢, of thc water.

In a typical experiment the following working

conditicna prevailed in the various parts of ths

apparatusi-

refrigerator tempertaurs 4500

pressurc in drying chamber 0.1 mm Hg.

temperaturce in drying chamber 20°C rising overnight_due
heat of pump to D YC

time required for removal of water 24 hoyrs
Freez-drying provides an exceedingly gentle method
of reducing the bulk of the 11quid under aseptic conditions,
The gurmy contents of the tubes after drying
vere redissolved in water, about 30 mls sufficing to
redissolve the produect from 600 mls of original pyrogen
solutim, A straw-coloured soluti-n with a characteristic

cdour was always obtained and incrceased viscosity was
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particularly notliceable, This colution was then dlialysed
for 1 day ngainst tap water (12°C at that time) followed

by & days dlalyocdls azainat frequcecntly changed distilled

“water in the refrigerator (2 - 4 °C)s The solid material

which come down iIn the egae durdng diaslysis was found to

be non-pyrogenic and wag discarded:

The 1liquid from the dialysis $acs vas agailn freez-dried,
the resulting naterlal this time bsing a fauvn-coloured
powder which vas dried in vac over sul:huric acid, About
1.3 mgnm of this material w;; obtained from 600 mls of the
priginal pyrogen solution (from the bacterial growth) and

had the follouing order of activity:

dose averase rmaximal rise
in tempcrature in rabbits
1v/kg 0, 92°C
1.867/kg 1.600C

In on endeavour to obtain materiadl with even greater
activity thls product was dlssolved in apyrogcnice water
end reprecipitated 3 times using 10 volumes acetons (+ 0,4%
glacial acetic ccid to coagulate the precipitate), the
precipitate being allowed to comz do'm ovarnight in the
refrigerator,

Precipitatecs were bulked from several similar

operations, dried im vac over sulrhuric acid, and vere
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fand to posseas activity of the following order;

dosc average naxinzl rise in
temcraturce in rabblts
0. 2Y/kg 1,16°C
0. 95°¢C

-

The 1PD (thet Zosz giving a ncon temperature rise
.0 A .

in rabbits of 0.6 C) was found to be 0,04)/kg,

The tenper.ture rosponse was acconpenied by a
vizorcus leucocyte response,y invelving o leucocytosis
with o chift tc th lef't, and a decrecase in the reliative
percentazc of small lyrmphocytec,

By way of comparison it was later found (see Sections
2 ond 5 of this thesis) that lipopolysaccharide fron

2G=03

Salmonella abortus coui” wvilll give an average rmaxzimal

ricc in tenporaturc in rabbits of 1,20°C with 2 dose of
0.17/kg ond that Pscudomonas polysaccharidecd ('Piromen')l
will, witn o dose of 10)/k- induce 2 rise in terpsrature

in rabbits of 1,23°C.
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Section 2

The investigation of a new index of pyrogenic sctivity
utilising the degree of shift to the left occurring

among rabbit neutrophils after the injection of pyrogen,

sgnd 1tz comparison with other indices of pyrogenic

activity.

Diesadvantages which attend the measurement of
pyrogenic activity by computing the average maximum
rise in rectal temperature (referred to in this thesis
ag the "temperature respomse") in rsbbits, have been
noted by several authors?141»108

The main disadvantages arot

a) Difficulty in measuring the temperature of the
pabbit: either an elaborate system of fhcrmocouples has
to be set up and maintained, or the ciinical thermometer
(adapted) has to be contended with (by the rabbit no
less than by the experimenter),

b) The laboratory has to be maintained at a falrly
'even temperature, and this is not easy in the averags
locboratory, Humidity is even more difficult to control,

¢) The accuracy of the temperature response as

reported by various workers seems to vary widely with the

conditions employed,
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d) The temperature»of the rabbit is easily upset
’ The persistent lack’ofra chemical method of assay
of pyrogen, and the aﬁsence of hope fqr the elaboration
of one in the néar future, dictate the use ét present of
biologicallmethodé. | |

As the evidence accumlates , 1t'becpmes more
apparent that the effect of pyrogen on the White blood
cells is more direct and more'closely related to 1%ts |
clinical efficacy then its sbility to disturb the
norms. temparature, | | o

Perhaps none of the rﬁarmacological efrgcts of
pyrogen could be said to be causadUby ﬁyrogen and by
no other.subst&nce; I,Indeea its use in medicine is due
almost entirely to 1tslﬁoﬂ-specir;c stimulating action.
But the fact that other sﬁbstances can also produce
one or other of the effects bf pyrogen in the normsal
animal does not preclude the use‘of»thgteffect as the
basis of an assay, provided that is, that the experiments
are so planned that,a) during the experiment the effect
18 being caused only by pyrogen snd is quantitativs, and |
b) that there is a successful statistical analysis of the
results, This mst be so if biologlcal assay is to be
acceptable at all,

The physiologlcal responses to pyrogen which have
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been deemed suitable for quantitative assesement in a
simple ond useful way are the temperature and the ﬁhite
blood cell responses, The former has been Investigated
using several approaches (average maximal use in fempérature,
use of various instruments for measuring temper ature, =znd
a fever index taking into account the height end dufation
of fever) in several species of animal, The latter
(white blood cell responses) have been examined
somewhat less extensively; total white counts measuring
tho leucopenia?l and leucocytosisl791162 ¢n ravbits,
differentlial counts, particularly smail'iymphocyte
percentage35 in rabbits, and total and differential
counts in the doglO6 | |
The leucocytosis which follows the injection of

pyrogen is due to the addition to the circulatiai of
young neutrophlils, and the 1eucocytoéis is therefore
accompanied by a shift to the left, An extensive
search of the literature has revealed 1o report of the
measurement of the degree of shift to the left which
occlrs in response to pyrogen injection.

" This section 1is the report of an investigatim
by the suthor into the passibility of measuring the
degree of shift to the left which occurs asmong rabbit
neutrophils 3 « 4 hou:rs after the injection of p&rogen
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end of using it as an index of pyrogenic nctivity,.

. While investigating quentitatively this effect of
pjrogen. temperature responses were measured 7
concurrently. Differential counts were also performed
on the blood amears, in order to ealculate for comparative
'ﬁurposés, the values for the small lymphocyte percentage
£all, an index of activity previously suggested®
Method |
The standard pyrogen:

A standard pyrogen is required for sn investigation
of this type, and in this case it was prepared from a
smooth strain of Profeus vulgaris known to produce pyrogen
coplously. Pyrogen preparations from this organism
hwve been given to rabbits over prolonged periods without
having eny permanent effect on them. |

The standard pyrogen consisted of a freeze-dried
preparation of the supernatant liquid, dialysed a4 |
sterilised, from an inorganic (+glucose and nicotinic acid)
medium culture of the organism,

The pyrogen preparation described in Section 1 was
not used because enough could not be prepared in one batch
to. provide material for all the experiments we had in
mind end it was thought advisable to use one batch of
standard for all the experiments,
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The preparation and inoculation of the mefilum, and
clarification, sterilisation (by candle filtration),
dialysis and re-sterilisation of the supernatant were
carried out as described in Section 1., The sterile
supernatant liquid containing the pyrogen was then
diastributed aseptically in 2,5 ml quantities into
freeze-drying tubes and spin-freeze-~dried, Both primary
and secondary drying was carried out,

The conditions under which this batch was dried
weres
primary drying:

refrigerator temperatures =47°C

pressure in drying chamber: 0,1 mmHg,

temperature in drying chamber: 18°C rising gzegg%g?t

time of Aryingi120 hours
secondary drying:

pressure in drying chambers 0,005 -~ 0,01 mmHg.
The ampoules were distributed on three “"headers" and when
the ampoules of one header &€ heing sealed it is cut off
from the other two by means of an air-tight tap, The
préssure in each hsader as the ampoulés were sealed was
0, 003 rmlg. |

The seal of each ampoule was tested with a high-
frequency glowedischarge tester. Other details are
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given in the handbook of the maifacturers of the
machine (Edwards and Co. ). |

There are several reasons why this standard pyrogen
was chosen for this investigationi-

e) 1t is simple to prepare and is stable over useful
periods of time

b) 4t is reproducible

¢) 1t may be prepared from one culture which helps to

~ ensure even didribution of the active material which
ip dried directly from a sterile solution

d) the simplicity of the preparaéory method avoids
any degradation of the active material,

e) the absenée of complex moleculses from the medium
diminishes the possibility of production of
pyrogenic artefacts, i.e. the attachment of the
pyrogenically active grouping to other'carrier"
molecules,

Absolute purity of the standard cannot be claimed,
but it is difficulttosece how the concentration of residual
impurity in a preparation harvested thus from a largely
inorganic medium, freed from bacterid bodies, could exceed
t0 any serious extent the residusal impurity in preparations
derived from whole bacteria, It will be pointed out
later why it is concluded that whatever persistent
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impurdties remain do not interfere with the results,

The cholce of the standard was also influenced by the
fact that the effect of pyrogen on the relative percentage
of small lymphocyte%was investigated originally? using
a simlilar standard, hence the extent of comparison of the
results possible would be increased by the use of this
standard,

The experimental onimals:

30 previously unused rabbits of both scxes were
employed in the 1nves£1gat1a end were divided into 6
groups of &, |

Before cormmencing the experimenys the rabblits were
thoroughly conditioned to the procedure to be adopted
in the tests, for it has been observed that rabbits
which have been so conditioned are more cooperative
during their first twé of threevtests than rabbits
unaccustomed to the test ratine. Unaccustomed rabbits
are easily upset and occasionally take fright during the
first few periods in the test boxes, glving unexpected
and unsatisfactory results.

Yhe rabbits are conditioned beforehond to the
procedure by being made to sit lightly hamessed in the
test boxes for 4 haps at a time With rectal thermocuples
inserted, It was found that this approximately constant



47

degree of stress to which they were subjected did not‘
dzfleet the blood count or upset the temperature of the
rabbits beyond normal limits, Besldes, this method
where each rabbit is accomodated in a specially
designed box,vprovides maximum comfort for the animals
and conmbines with that essentid , minimum opportunity
for unnecessary and undesirable movement,

Dosage:

As a result of preliminary experiments to dsetermine
the potency of the stsndard pyrogen preparation, four
dose=levels were chosent

table 1 |
Dose=1lsvels of standard pyrogen used in the investigatim
of the polynuclear count as the basis of an index of
pyrogenic activity
Dose ng

0.02  ml/kg _B. 3010

0,06324 ml/kg | 2.8010
0,1125 ml/kg | 1.0510
0.2 mli/ke | T. 3010

It will be seen that log B is equidictant from

UaQw =

log A and log D and that log C is equidistent from log B

end log D, D was chosen hecause 1t elicited temperature

and white blood cell responses equivalent té& about 75%
of the maximsl responses which in the writer's
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experience can.be elicited with this pyrogen
preparation under these conditions of experimcnt.

The contents of each ampoule of freez-driled
materid (from 2,5 mls original supernatant) were dissolved
in saline (apyrogenic) immediately prior to injectim,
the dilution being such that each dose of original
supérnatant (0.2 ml/kg etc.) wes contained in 2 mls of
solution, so that no matter what the dose of pyrogen,
each animal received the same volume of solution on
each occasion (2 mls/kg)e Giving the same volume on
each injectidn cancels any possible effect of
adnministration of diffevent volumes, The injections
were warmed to about 37°C beforc administration.

All the radbbita received one injection per week
over 12 weeks, each animal receiving each'of the 4 dose- -
levels on 3 occasions,

The test: |

Temperatﬁres were recorded essentidly by the method
originally developed by‘Wylie‘and’Todd?7 The design
of the test boxes and thermocouples have been described
Wylic? The same apparatus was used with &nly'minor
alterations and refinements (esge increase in the number

of thermocouples).
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The rabbits ﬁere not fed on the day prior to the test,
1.e. about 36 hours elapsed between the last meal and the
test, and any food remaining in thc feeding dishes wzs
removed on the day prior to the test. This appearsvto

decrease the amount of defaecation occurring uring the

| test, snd as rectal temperature is recorded, it helps
to deérease the inoccuracy c¢aised by partizl or complete
expulsion of the thermocouple during defazcation,

| 16 rabbits (3 groups of 5) were used in a test, this
being the largest number that one experimenter can
handle successfully at 6ne tinme, They were placed in the
teat boxes and the therﬁccouples were inserted DY 8415 a.m.
At 9,30a.m¢ by which time the rabbits were settled down the
pre=injection temperatures were recordecd, and the pre—inject-
ion blood smears made, The injections were usually
completed by 10,30 a.m. end temperaturcs were recorded
cortinuously (10 minuté 1ntervais) until adbout 2 p.m,
vhen the post-injection smears were made,
The index of activity: t

Polynuclear counts were performed and the grouping

suggested by Cooke and Pondert”® was adopted, This
modification of Armeth's count (The Polynuclesr Count)
leads to a rapid and sensitive assessment of the overall

lobar picture of thﬁ nuclel of the neutrophils, These
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authors suggest that lobes are Joined by chromatin
filaments only, so that two chromatin filaments would
join 3 lobes for example; bands of nuclear material
thicker than chromatin filaments are for the purposes
of the count, not deemed to connect lofees, but to be
part of the lobe formed by the two larger masses of
nuclear material.
Thus:

3 lobes

1 lobe

100 neutrophils are counted and classified into
1-lobedf 2-lobed, and so on, md the totals for each class
are counted; thence by multiplying the number of cells in
each class by the number of lobes in a cell of that class#
the total number of lobes in 100 neutrophils is found, and
division of this number by the number of cells counted
(100) will give the average number of lobes per neutrophil.
Cooke and Ponder called this average the **Weighted Mean**.

The response to the injection of pyrogen is calculated
by measuring:

i the average number of lobes per neutrophil before
injection of pyrogen = a

ii the average number of lobes per neutrophil 3 - 4 hours
after injection of pyrogen = b
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Then ‘2—259 x 100 = percentage fall in the average

number of lobes per neutrophil, which measures the

degree of shift to the left, |
freliminary experinents showed that the maximal

left~handed deflecction of the averge number of lobes

- per netrophil could be expected to occur between 3 and

4 haars aofter the injection of pyrogen, Then after

a veriod of instabllity, the count commenced an upward

return to normal and attained a stealdy pre-injection

level about 4 - 6 days later, This episode is

illustrated in fig,1 (page 52),

The end=point in the experiment is therefore the
value obtained for the average number of lobes'per
‘neutrophil (degree of shift to the left) from a blood
emear (from each rabbit) token about 3% hours after
injeotion.

VVhen a double-peaked temperature response pccurred
care was taken to walt until after the second peak
had passed before removing the sample of blood, otherwise
the smear was liable to disply rather a scdrcity of |
vhite cells (& out 200 or less in one smear)-which

made caanting tedious and difficult- as opposed to

60 « CC per strip of smear in one tsken after the
final defervescence had ceot in, When a biphasic



52

Percentage of normal

1 2 T T T -y -V 1 L L] L IR L |
| 2 3 4 5 6 7 ! 2 3 4 5 6
Hours Days

Time after injection

Fic. 1. Graph showing depression in average number of lobes per neutrophil
after injection of pyrogen (0-2 ml./kg.) and the course of return to normality ¢

O——C Rabbit number 1
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temperature response did occur, the second pesk usually
appearzsd about 3 hours after injectibn,
The blood sricarsy

Bleod smears were made on alcohole~cleaned
microscope slides from & drop of blood obtained from
the'maréinal ear vein ond spread evenly, care being
taken to prevent the blood reaching the edges ofthe slide,
Thg pdst—injebtion smearg were teken from the ear other
than that into which the injectiom had been given,

Pixing with rmethyl alcchol was carried out as
gocn a3 the cmeersd blood had dried, and the mcthjl
aleohol was allcwed to remain on the slide for 4 least
3 minutes, ond in most cases 1t was there for gbout 10
minutcs, over-fixing being almost impossible, This allowed
15 smcérs to be token within about 15 - 20 minutes,

Tre remaining methyl alcohol was shaken off and the slides
covered with a 1 in 10 aqueous dilution of CGlemsa's
stain (prepared by the British Drug Houses Ltd), and
staining wag allowed to procezd for sbout D - 456 minutes,
On completion of the staining process, the excess stéin-
wae wvashed off by flooding the slide several times with
fap water, and the smears were allowed to dry,.

The sncsars were examined using an oil immersion
lens and the lobar configuration of the majority of tle
neutrophils could be elucidated wigh a magnification
of 600, Amagnification of 1000 was oceasionally needed,



54

ne» .

1 lobe 3 lobes
X 1000 X 1000
3 lobes
X 1000
4 lobea 5 lobes
X 600 X 1000
Figure 2

Showing the types of neutrophil enumerated,
classified according to their
lobar configuration

Glemsa’e Stain
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Photographs of examples of the different types
of neutrophil counted oppea in figure 2 on page 54,
Neutrophils with more than 5 lobes were not encountered.

Polynuclear and - differential counts were performed
on each smear, In the performanc.e of the polynueclear
count the 100 neutrophils counted were fmmd roand
tle edges and at the end of the smear, where many o
the neutrophils accumulate during spreading. In a
good thin smear about 100 neutro;nhils sre encountered in
one journey roind the edges and tall-ecnd of the smear,
No special distribution of the different types o
meutrophlil was deteeted, i.e. it was not possible to say
for instonce that 4=lobed ar H-lobed neutrophils could
more readily be found in one part of the smear and
l-lobed and 2-lobed neutrophils in another,

In the performance of the small lymphocyte count
however, caemust be taken to allow for the distribution
of iymphocyt'ee and granuloeytesj lymphoeytes predominate
g the beginning and in the centre of the smee ;
granuloocytes predominate at the edges and at the tail-end.
Dawson5 counted a strip at the beginning, a strip & the
tail-end, snd if by that time 300 cells had not been
counted and differentiated, another strip in the centre
of the smear., This leads to high figures for the
small lymphocytes for the reason thqt there are more
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cells in @ stripﬁnear the beginning of the smear where
small lymphocytes tend to predominast e, than near the

end of the smear where granulocytes tend_ to predominate,
Hence canting strips symmetrically on the smear irrespect-
ive of the number counted in the strips at the different
positions on the smear, in the manner recommended by

. Dawson, leads to the counting of most of the 300 cells
(the usualnumber for differential counts) in positions

on the smear wherc small lymphocytes predominate,.

The effect of this modification can be seen in the
difference between the figure given by Dawson®(79%)
for the normal percentage of small lymphocytes, and that
found in the present series of experiments (60%) - a
difference of nearly 20%, '

The literature contains few references to the
normal percentage of small 1ymphocytesninvthe rabbit, and
the figures which are given suffer from considerable
variation which seems to depend on the method of caanting
employed.

Andreweslaz gave B0 = 70% as the normal value;
Wintrobe83 quotes Scarborough as giving 41.8% and
recommends the coverslip method. MacGregor et al.10? in
an excellent review of the techique of the differential

count (unfortunately their examples were from humsn blood

but that does not affect the principles) conclude that
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the coverslip method of preparation of the smears yields
results for the percentage of small lymphocytes which |
may be up to 15% lower than cross-éectional comnﬁing

of smears made on a microscope slide,

The important consideration in an 1nvesfigation
such as this, however,is that the cells should be counted
end the smears prepared in the same manner every time,
Then, providcd a reasonably small error is obtaihed in the
normal count (in the present case the standérd deviation
was found to be 9,6) consistent resilts should be -
obtained, |

The small lymphocyte percentage ralls»was |
calculated from the smears taken during the 1n§eetigation
and the results have been compared with those of Dauson?
(see l1later)

Normal valuest

These were worked out prior to the start of thé
dnvestigation and are recorded in detall on pages 135-139
end are summarised in table 2 on page 58,

It was founfi that some animals gave consistently
lower values for the average number of lobes per
neutrophil than others, e.,g. the groﬁr of 5 Beverens gave
a mean normdl value of 2,13, whereas the mean for fhe ,

group of 5 Dutch rabbits was 2,50. The means for the
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other 4 groups lay between the value for tle 2 groups
cited,
This difference did not. appear to affect the
magnitude of response to a glven dose of pyrogen.
Table 2
Normal Values

literature
' valuivo
average number of lobes per neutrophil 2,30 2,560
coefficient of variation C10% - 14.4%
percentage of small lymphocytes €0 see page 56

coefficlent of variation 6%

Kennedy17° has reported normal wvalues for the |
"Weighted Mean™ (average number of lobes per neutrophil)
for a mixed group of rabbits and the mean value(2,50)
is computed from a range of noemss (one for each rabbit)
which includes values ranging from 1.99 tp 2.96 which
are apparently accepted as normal,

The error observed in counting one smear several
times was shown to be less then that involved in aunting
smears prepared from one rabbit & different times
(weekly intervals) and both of these errors are less than
the difference between counts performed on smears

jrepared.before and after injection of the smallest
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dose=level of pyrogen used in the investigation, (detaills
on pages 141,142.) |
Total white blood cell countst

Total counts were Lot performed st easch test becaise
of t he time-consuming tcehnicue involved, especially
when 15 animls were used at once, snd whem the information
provided by these counts was not required in the

present investigation.

Scveral wero mads, however, and the results obtained are
recorded in table 3
Table 5( 5)

INCREASES IN TOTAL NUMBERS OF .
LEUCOCYTES IN RABBITS, 3 TO 4 HOURS
AFTER INJECTION OF VARIOUS DOSE-,
LEVELS OF PYROGEN. TEMPERATURE
RESPONSES ARE ALSO GIVEN

. Increase in Rise in rectal
Dose, white blood temperature,
ml./kg. cells/cu. mm, °

14,400
02 14,800 -
6,600

7,200
0-1125 6,400
13,200

3,000
0-06324 8,000

’ 13,000
"~ 1,400

"800

0-02

Cwl o=l mso| b

00| oo | mmm | mm—

Post=injection counts were nmade between 3 and 4 hours
after injection, The results of the total cants, in
conjunction with the polynuclear counte made at the same

time show that there 18, after injJection of pyrogen, an
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m addition to the circulatioh of yaing neutrophils -
mostly l-lobed and soms 2-lobed; there also appeared to
be a decrease in 3«,4«,5-1l0bed neutrophils znd it is
tempt;ng to speculate that this may indicate an
affinity of pyrogen for thesc older neutrophils which
g8 a result are damaged and removed from the circulation
by the time defervescence of the pyrogenic reaction has
set in,
Results: |

The results for each dose-level are the means of
90 readings (30 rabbits, with 3 replications & each |
dose-level) and the results are reported in detail on
pages 143-149,165~171,164-190

‘The statistical enalysis are also given in full and
have allowed the following conclusions to be AGrawnie
1. The results are normally distributed, the test being
made by the ude orxg, In one instance(ths results for the
temperature response at the smallest doseelevel)
distribution was not quite normal but the deviation from
normality was not serlious and catainly preclude the
application of the usual statistical methods to these
results.
e The mean responses for each index of activity

being investigated, togethsr with the cocfficients of
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Table 4(95)

ITEMPERATURE RESPONSE IN THE
RABBIT TO VARIOUS DOSE-LEVELS OF
PYROGEN

Average maximal rise in
rectal temperature

Coefficient of
Dose, Mean variation
ml./kg. °C. per cent.
02 1-38 21
01125 1-25 21
006324 095 30
0-02 061 36

Tabls 5‘,<)“
LEUCOCYTE RESPONSE IN THE RABBIT
TO VARIOUS DOSE-LEVELS OF PYROGEN

PERCENTAGE FALL IN AVERAGE .
NUMBER OF LOBES PER NEUTROPHIL

Percentage fall in average
number of lobes per

neutrophil

Coefficient of |
Dose, Mean variation,
ml./kg. per cent. * per cent.
02 356 22 !
01125 29-8 28
0-06324 25-2 33
002 168 48

Table 6(95)

RESPONSE IN THE RABBIT TO VARIOUS
DOSE-LEVELS OF PYROGEN SMALL
LYMPHOCYTE PERCENTAGE FALL (6)

Small lymphocyte
percentage fall

Coefficient of

. Dose, variation,
ml./kg. Mean per cent. .
02 56-5 27
01125 49-8 39
0:06324 448 41

0-02 270 62




62

variation are given in tables 4,5,6, on page 61,

The cosfficlents of variation allow cémparison of
the varigbllities of groups of results messured in
different units (e.g, temperature response and white
blood cell respénse).

It is eseen that the coefficients of variation
indicate increasing variability of response in the
following order: temperature response, percentage fall
in the average number of lobes per neutrophil, and the
small lymphocyte percentage fall, |

It 15 interesting to note that the mean tempeature
response (0,61 c°) 1s virtually the same figure (o.sc°)
as that adopted by the British Pharmacopoeia as the
threshold value for a pyrogenic response (i.e. an average
rise in temperature greater than this 1s taken to indicate
pyrogenicity). The corresponding value for the
degree of shift to the left obtained in the present
experiments is 16,8 ¥ 1,7fp = 0,05). It will be seen
later that using lipopolysaccharide from Salmonella abortus
equi in a dose of 0,0067/kg an average maximal rise in
temperature of 0,61 c® was obtained and this corresponded
to a degree of shift to the left of 14.7 * 2.8(p = 0,05).
4, Analysis of variance was conducted on each group

of results, the total variance being divided into
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between-rabblts; vetween-dose, rabbit-dose interaction,
and a residual, and from the calculations bused on this
enalysis (pages 152,174,193 ) we see that rabbit-dose
interactidén does not exist csignificantly, This indicates
that there was no dosc=level, of thé four used, to which
the rabblts displaysd speclal sensitivity or lack of it.
Between~-rabbit variance was shown to exlst significantly,
showing that much of the error of the test can he
explained by the natural differences between individual
rabbitse,

The significance of difference of the means for
the various dose-levels may be tested using the
information gupplied by the snalycip of variance, This
allows more accurate testing of the significance of
difference than a straight t-test on the means using
the variasnce calculated for each docse~level, for the
reason that much of the error has been properly
apportioned and subtracted from the residual (error)
before applying the test. The means fhbr the four
dose-lcvels for each of the three indices of activity
have been shown to differ significantly.

5,  Correlation coefficients were calculated for each
response and log(l00 x dose), and in each cass exceeded

that given for the 5% level of probability, allowing us



64

to regard it as being at least 19 to 1 that there is

some degree of linear relationship betweeﬁ the |

three different responses snd log dose over the range
- of values indicated, (see pages 155,177,196).

Correld ion coefficlents were also calculated to
assess the extent of relationship between the temperéture
response and each of the white blood cell responses (degree
o shift to the left, and small lymphocyte percentage fall)
and in e h case the correlation coefficient was found to
be slgnificantly greater than zero, It is emphasked
that the correlation holds only over ths ranges of values
specified, |
6. Partial correlation coefficients (the correls ion
coefficient referred to in 6, above have been termed
"total correlation coefficients") were also calculated
in order to eliminate the éftect of log dose, that is
to determine whether the observed correlation (totsl
correlation) was independent of the effect of log dose ,

'.The significance of the partial correlation
coefficients indicate that the observed correlatim
is independent of the effect of log dose.

(see pages 183, 2bz,'204) | |

It should be borne in mind thd# the existence of
a signiftant degree of corrleation, although providingy
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in a single figure a convenient measure of the extent
of relationship between the two variates, does not
necessarlly indicate a causal reclationship between the
two variates correlated, that is corrélation between
thb_temperature response to pyrogen and the 1eucocyte
response to pyrogen dces not suggest thda it 13 the
effect of pyrogen on the leucocytes which causes the
s®bsequent upset in temperature. It does so happen
in this case, however, that physiological evidence
is coming along to indicate that some reaction between
pyrogen and the leucocytes is concerned in the
stimilation of the temperature response.

Correlation of 'a significant degree between
the temperature and the leucocyte responses does
strengthen fhe argument that both the temperature effect
end the leucocyte effect are caused by the same active
substance, and this evidence is speclally valuéble
at the present time when even the purity of the most
- pure pyrogen preparation available is still a matter
for some speculation,

’ In further support of this argument, it will be
shown later (Section 3) that using pyrogen from other
bacteridl sources, prepared by widely differing methods
end hence containing different residusl impurities,
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the same degree of shift to the lef% ip obtained for a
temperature response of a given nagnitude,

7e Having shown that correlation exists between the
different responses and loz dose we can take the matter
further snd construct equations for the regression lines,
The regression lines are given in figurec3,4,and 5 on
page 67, Linearity of rcgrescion was tested by analysis
of variance, and in the case of the tempertaure response
only was there a slight deviation from linearity,.

(pages 158,180,199)

Be The residual variancesabout the regression lines
were calculatcd for cach index of activity, and thence
the standard deviction of thic scatter. The ratios,

stondarddaviation of the scatter shout the regression
difference betwcen the rxirmm and minirmm mean responses

and

gtandard deviation of the scatter sbout the regression
mean of the Tour meon responses

were calculated for each index of activity, The first

ratio is desipnated ratid A and the second, ratio B,

It will be seen tﬁat ratio A gives a relationchip
between the scetter about the response as a whole and the
conplete range of the response, and thet ratio B glves a

similar relationship with the "height" of response,
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These re los confirmed the impression given by
the comparison of the coefficlents of varlation thét
the order of accuracy for the 5 indices of pyrogenic
activity is, temperature response, percernge f£all in the
average nuriber of lobes per neutrophil, =2nd the small
lymphocyte percentage fall. It 13 s:zen from table 7
that there 1s very little to choose betwcen the
temperature response and the dagree af gshift to the left
as far as accuracy (l.e, lack of variabllity) is

concerned.
Table 7

Conmparison of ratios A and B for the three indices
of pyrogenic actlvity investigated

Temperature | Percentage fall in | Smalil lymphocyte
response the averags number percentage
of lobes per ' fall
— neutrophil
Ratlo A Oy 00 T 23 ~ 0, 60
Ratio B 0.26 0.30 0.40

It will bec seen that, the smaller the wvalue for
thepe ratlos the smaller the degree of variability,
Double~peaked Temperature Responsess

Cccagionally, after partial defervescence at about
2 hours from the time of injectlion ol pyrogen,the
temperature recommenced to rise with the result that a

biphasic teniperature regponse occurred, the second peak
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usually making its appearance about 3 hoirs after
injcetion.
Calculation showed that the frequency with which these
biphasic termerature responses occurred tended to be
higher with hicher dose-levels, Table 8 ghows the
frequency of occiurrence
Table 8

Frequency of occurrcnce of biphasic terperature
responses at va lous dose-~levels

of pyrogen-
Percentage of all
Dose temperature responses
(ml/kgz ) vhich were biphasic
0.2 28
0.,1126 40
0,08324 36
0.02 9

The slightly smaller frequency at the highest
doge=-level is difficult ot explain satiefactorily, but
it vas observed thgt at this level of response the
peek tenmperature tendced to flatten out @ the summ;t
for some time before starting to f£all, giving the
irmpression that the»extra vigour of thls dose-level
tended to inhibit partial defervescence after the

first peak, so obscuring a second peek,
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Time required by the rabdbit to reach maxirmm temperture
following injection of pyfogeh:

The meon times(in minutes) taken to reach peak
temperaturcs werc calculated for each doscelevel in qrder
to determine vhcther there wam any aifference in this
respect betwcen the responses for the different
doge-lcvels used. Results ars summarised in table 9
and glven in detall on pages 160-164

Td le 9

Times required to recach peal temveratures after the
injcetion of various cuse~levels of pyrogen

Time teken to0 reach
Docse peak temperature
(m3/xp) (rinutecs)
Qa2 119
0.1125 122
0. 06224 111
0,02 111

It 1s seen that there is a slight tendency for the
peak tenperatures stimilated by the lower dose-le#els to
be attalned more cquickly that those stimilated by the
higher dosc-levels, These results will Lbe compared
with similar measurements made during GXperimenté with
pyrogen preparations\from othef bacterial surces (Section 3)
Higher dose~levels of pyrogent

Several experinents were performed‘uéing a still
higher dose-level (0,3557ml/kg) whose logarothm (I.5510)
is as mich above dose-level D as C is below D (see tablel)
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Inspection of the recults (page 205) will show
that the observed responses are smaller than 1ndicated
by the regression lines, showing that, in the cass of
all three indices of activity the pyrogenic recponss
beging to flatten out at this level,
Conclusionst
le Comperison of the temperature and a leucocyts ricthod
(vhich measures.the degrec of shift to tho left occurring
among rabbit ncutrophils) of assay of pyrogsn has been
carried out in rabbits, ond it has been found that there
is 1ittle to distingulsh botween the two methods = far
as accuracy is concerned, thé temperature method showing
slightly less variablility.
2e The nethod using the small lymphocyte percentage fall'
as suggested by Dawson® was found to possess less accuracy
than either of the other two methodss The responses were
smaller than those reiorted by Dowson? due to the facf
that the technique used in the small lymphoeyte cant
gave lower values for the small lymphocyte percentage.
This does not alter the fact that there 1is still a
straight line relationship between the emall 1ymphocyte
rercentage fall and lgo dose.

Be Correlation has been shown to exlst vetween the
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temperature response and each of the white blood cell
rosponses, and the importance of this finding has been
diacussad,

4, The method of assay using the degree of shift fo the
left provides an alternative metod which is easler to
‘eper'form, reruiring less preparation snd leas elaborate
gapnarstus, |

B The small lyrphocyte percentage £all was considered to

possess too great variability to warrant its further use,
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Section 3

The pencral applicabllity of the new index of pyrogenic

activity using pyrogen from different bacterial sources and

prepared by different methods.

. Having found that the measuremcnt of thc degrce
shift to the 1left occﬁrring among rabbit neutrophils
is a suitable index of pyrogenic activity, it was consid-
ered desirable to check this index using pyrogenpreparat-
ions from other bacterial sourccs, in ordcr to eliminate
‘the possibility that the quantitative effect observed
with Proteus pyrogéafwas peculiar to that pyrogen
preparation, f

Two purified pyrogen preparations were chosen: a)
Pseudomonas polysaccharide ('Piromsn') which 1s prepared
along the lines indicated by Nesset et a1?4to whose
work reference has already been made; 1t is supplied
in vials containing 50 polyaaccharide per ml. in normal
gcodium racenic-lactate solution, with merthiolate
1 in 10,000 as preservatived b) lipopolysaccharide from
Salmonella abortus equi prep-red by the genefal method

indicated by VWestphal c$ 31.28“32

and supplied in 1 mgm
quantities in sealed ampouies.

These preparations were chosen because there 1is



T4

considersble difference in pyrogenic activity per unit
of weight (0.0057ng'3a1manella lipopolysacchéride
elicifs the same temperature reéponse as 1y/kg
Pseudomonasg polysaccharide) indicating differences in
purity; and because the methods of preparation differ
considerably, Both preparations have been used in
medicine

Method:

Preliminary experirents were pcrformed with these
materials and the results of these indicated the choice
df the following dose=levelsie
Pscudomonas polysaccharids: 10y/kpg; 5y/kg; 2.5//kg
Salmonella lipopolysaccharide: 0.1y/kg; 0.01')/ /kg; 0,005y/kg

It was decided to reduce the number of experiments
compared with the investigation‘using Proteus pyrogen, and
so"dilute-out"the accuracy of both the tempecrature and the
leucocyte responses to the same extent in order to
determine which index of activity retalned the greater
degree of reliability, because it was suspected that the
reason why the'variabilities of the two responses
(temperature snd degree of shift to the left) were so
close in the experiments with Protcus pyrogen was that
such a large number of experiments were performed that

only gross differences would have shormn up.
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Accordingly, 15 rabbits in groups of five were used
in the cxperiments with ech preparation, each rabbit
recelbing each dose~level on one occasion, The
experimental details relating to feeding and
conditioning of the animals, the conduct of the test, the
measurement of rectal temperatures s ond thc preparation
of the blood smears were the same as those described
in the previous section,

It wags confirmed during the prelininary experiments
that the maﬁimal_change in the éverage number of lobes
per neutroph11Cﬂpld; as with Proteus pyrogen. be‘expected
to occur betwcen three and four hours aftcr injection,

Tcmperature response and the percentage fall in the
average number of lobes per neutrophil (called the
lcucocyte response) were msasured; the small lyrphocyte
percentage fall ﬁas note.

The results appear in full on pages 207=-209,228-230,
The mean responsges with the coeffiéicnts of vadation are
given in tables 10 and 11 on page 76,

It 1s seen that the leucocyte response (percentage
fall in the average number of lobes per neutrophil)
i3 attended by kess variabllity than the temperature

response in every instance,
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Table 10

Temperature and leucocyte responses to
Pseudomonas polysaccharide

average maximal percentage fall in
Doss rise in the average number of
7/kg rectal tegperature lobes per neutrophil
c .
nmnean IV mean A
10 1.25 | 28 31,5 15
5 1,08 32 264 0 16
2e D 0,91 40 21. 5 2b

V = coefficient of variation per cent

Table 11

Temperature and leucocyte responscs to
Salmonella lipopolysaccharlde

average maximal rise percentage fall in
Dose in the average number of
Y/kz rectal tcmgerature lobes per neutrophil
C —
mean \'A nean \'A
0.1 1.28 58 5241 18
0,01 0677 34 19,6 23
0,005 0,61 51 14.7 34

The results were analysed in a similar manner,with

some exceptions due to the different experimental design,

to the results in Section 2,

Normality of distribution was

agsunicd since there is no satisfactory criterion for this

number of rcsults,

1.

Analyses of varlances were conducted andthe variances
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viere divid 4 into betueen-rabblita, betucen-doses, and a

rccidual (error)e  Betucen = rabbit varicnec was again
shovn t0 be ocignificant, and sinec tho batwcon-ﬂéses
arianec vag pilgnificant, the t=-teat wau anplied to0

the rcans for the voricus dosc-lcvelg, using thoe

reoddunl co the arror, |

This revealed that in tvwo eases out of thres, a
tuo=fold incrcase in dooe cculd not bo distingulghed
using the tomperature respong: as on index of pyrogenio
activity, whidle 1n the third casz, sipgmificancs of
aAifforcnco wag Juct coltabliched, In the cane of the
indox vhich utiliocoeo ths dapree of chift to the left,
howaver, tuwo-fold inercoces in dos:s ecuwld bo
dietingmiched in ovory inctanes (p<0.01).

(seo poico 211,215;952,224)

Time it is ccen that, hoving "dilutced=ocut" the
acecuracy of cach index erunlly (oo sccﬁ in tho investigaticn
rceported in Uceticn 3), that nenguring the degrcs of
chift to ths loft rcmoins the rors relioblc,

e Correlatlion cecelfTicicnte were calculated baetwcen

eac: of the tuo mosponzes ond log deso ond vere gham to
be sinificant, Theneo ropgression cguaticas wero
worized out andl annlysis of vardances uaed to test the

lincarity of regreascicn, Sighificent departure from
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linearity was not observed in ony instance,

Total and partial correlation coefficients were
calculated for the temperétufe and,leucocytc responses
for'each preparation, and it was found that the
regponseg vere correlated, The partial correlation
cocfrficient between temperat@re snd leucocyte responses
for Pseudomonas polyscccharlde was not significantly
greater than zcro, however, indicating that the
total correlation which was shown to exist for the

two responses, was to some extent dependent on the

au]

‘doccecuseds. (pages 222,220;243,244)
4, Ratios A and B which were deviged and explained in
Section 2 as a mcans offurther conmparing the relative
variabilities of the different resvonses were
calculated for both preparations, and these supported the
conclusion already made that the index utilising the
degree of shift to the left is the morc reliable,
(poges 216,217;257,258)
These recults are surmarised in table 12 on page79,
The temperature responses were plottéd against
the leucocytec responses for the experiments with
the pyrogen preparations from Proteus, Pscudomonas,
aﬁd Saimonella (figure 6; page 80 ) and the suggestion

of a uniform relationship between the temper ature and

leucocyte responses 13 seen to be very strong.
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Table 12

Comparison of ratios A and B

Tenmperature Leucocyte
response response
~ Pseudomonas 1, 06 0, 51
polysaccharide
RatioA
Salmonella 0. 49 0. 29
lipopolysaccharide
Pseudomnonas 0,32 0,0
polysaccharide
RatioB
Salmonella
lipopolysaccharids 06 37 0,23

Timcssto reach pesk tempcratures vere ealculated

for both pyrogen preparations and are given in table 13

Table 13

Times (minutes) required to reach
peak temperaturss

Pseudomonas Salmonella
polysaccharide lipopolysaccharide
Dose 7/kgt | 10 5 2.5 | 0.,I 0,0l 0,005
Times taken to 104 113 116 1ie 116 86
reach peaks
jmeansg

It 1s secn that with Salmonella lipopolysaccharide

(as with Proteus pyrogen) there is a tendency for the

pyrexia to attain a maxirmum wvalue riore quickly with

the smallest dose=level,
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Having showvn that the degree of shift to the
left is a puitable index of pyrogenic activity for
pyrogenp?eparétions from different bacterial sarcecs,
it was considered of further interest to examine its
utility with pyrogen from unhnowm scarces as found

in
i =2 cormcrciszl sample of Normal Solinc waich

vas found to be pyrogenic
i1 pyrogenic distillecd water

1 Pyrogenic Salinc

A sample labelled Injection of Sodium Chlorids,B, P,
was rccclved for pyrogen testing, The test wss carried
out as rcquired by the B,P, under Viater for Injection
(which for the test Rnay contain 0,95 pyrogen free
sodium chlorids) with the exception that & robbits were
used and blcod srcars werc taken irmediately prior
to, and about 3% hours afer, injection.

The following results were obtained:
average riaximal rise in rectal

terperature 1,59C° (standard
deviation = 0,2)
creentage £all in the
average number of lobes
per neutrophil 3l.2 (stendard
deviet ion = 2,8)

The sample was reported as pyrogenicCe
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i1 Pyrogenic distilled vater

Water was digstilled as for the preparation of
apyrogenic water (i.e, into pyrogen~free glass containers),
but instead of sterilising the distillate irmediately, it
was allowed to remain in the laboratory for 48 hours,
looscly-stoppered. Pyrogen-free sodium chlordds (0.9%)
was added and the test for pyrogen carried out as
described in the British Pharmacopocia, with the
exceptioé that 5 rabbits werc used and blood smcars were
taken immedintely nrior to, and about 3% hours after,
injection,

The following results were oﬁtained:

_average maximal rice in rectal 1,24 C° (standard deviation
teniperature = 0,17°)

percentage fall in the average
nuriber of lobes per ncutrophil 28.7 (standard deviation
= 2,47%)
The water was Judged pyrogenice
It willte ceen that both of'thcse results could
have been obtnined without use of the temperature index,
merely by the preparation and counting of two blood
smears before ond after injection,
The utility of the new index of pyrogenlc activity

based on the polynuclear count has been demonstrated

with pyrogen from a variety of bacterlial sources,
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The investigations uasing the purified pyrogens from
Pseudcmonas and Salmonella have revealed that this index
is not only nore convcﬁicnt té use but is attended by
less varisbllity than the temperature index.

Cne of thc most rcnmarkable features of these
experiments is the close relationship between the tempermture
response snd the leucocyte response, which gives stroﬂg
indication that both effcets are caused by one active
substance, +his relationship has been borne out w ing
pyrogen preparations of widely differing pyrity and
potency , and because of the different methods of
preparation employed, containing different residudl
inpurities.

It rcnains to be establiched whether, as Vestphal
suggeats, the basis of this pliysiological activity
is to be found in the phospholipid groupe
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Section 4

ersnce_to pyrogen and the absence of preeipitin
formation.

B.The production of erosg-tolerence to pyrceen frem
different bacterial scurces.

A At the conclusion of the experimz=nts vwhich were
performed in the investigation of the Polynuclear count

as the baslis of an index of pyrogenlc activity 1t vaes
sugspccted that 8 of the 20 rabbits were beginning to

show diminished temperature responses to the highest dose-
level cf pyrogcn uced, Further expcriments were paformed
at weekly intervale with these onimals, end it was found
thét they were showing diminished temp.raturc responses
compared with their first responses to that dose-level,

The standard pyrogen was checked for deterloration,
and in rebbits which had not been used for 3 months the
expected temperature response was obtained,

Aqvantage was taken of this apparently incipient
tolerance in the 8 rabbits wore tested for precipitins
using a ring teste in order to determine whether precipitins
appecared at the same time as signs of tolerance. |
Method

4 « 5 mls of blood were taken from the marginal ear
veins of the rabuits on ths day after the last injection of
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pyrogen, and again 7 days later, The blood was allowed
t0.clot and the serum to separate in the refrigerator,
Berum was also obtained from a rabbit which had not had
any pyrogen for 10 weckz,

Thoroughly elean (acid washed) precipitin tubes
(6m x 40rm) were used and about O.1 - 0,2.ml undiluted
perum placed in the bottom of the tubess This was carefully
overlaid with about the szme amount of pyrogen solution so
that two laycrs were formed, gllowing any precipitin to be
observed as a uwhite interfacial ring,

Various dilutions of pyrogen were useds
1 reconstituted freez-dried stondsrd
2 this diluted 1 in 2, 1 in 10, 1 in 100
Controls of normal rabbit serum end saline were rum,
The tubes were read after 15 minutes, 30 minutese 1 houp
2 hours , 3 hecurs, and 16 hours end in no case could any
ring of precipitin be observed.

' ft was concluded from thess exper inents that precipitin

formatlon does not sasccompany the 1nception of tolerénca
to pyrogen from Proteus vulgaris,
B it has already been chown that pyrogen from
Proteus vulgaris, a Pseudomcnas specles, and Salmonella

abortus equl possess closely simllar prop erties
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Group A received 8 daily injections of Pseudomonas
polysaccharide = 57/kg.

Group B rccelved 8 dally injections of lipopolysaccharide
fronm S, abortus equi = 0.047/kg. |

Group C received 8 dally injecticns of the standard
pyrogen from P.vulgaris descriébed in Section 2
(0.02 ml /kg)e (This was a different batch and
sppeared to T mere potent),

The dally temperiiture responses are shown gerphically
in fig;7. Polynuclear counts were not performed because
up to five or slx days are required for the count to return
to normal,

On the 9th doy about 6 mls of blood were removed
from each rabbit, and the serum used for precipitin tests
on the following day. The ring test employéd has already
been descridbed, In this tést the pyrogen solutions used
83 "antigen" wers employed in the following dilutions:
Pseudomonas polysaccharides §50y/ml eand 57/ml
Lipopolysaccharide from §,abortus egquit 507/ml and 0.057/nml
Pyrogen from P,vulgarist reconstituted freem -dried standard

and dilutions 1 in 10 and 1 in 100
of this.,

The test was conducted as previously indicated,
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Pigure 7
Individual tem-erature responses to different pyrogen
preparaticns

Temperature responses to Pseudomonas
volysaccharide 65%/kg

% Temperatvre responses to Salmonella
71 lipopolysaccharide  0,047/kg

Temperature responses to Proteus pyrogen
0.02 ml/kg
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- On the 11lth ond 12th days each rabbit received on
injection of the pyrogen prepsrations which it had not
already received, for the pufpose of testing for the
presence of cross~tolerance, ,

The induction of tolerence was :ollowed by noting
the daily diminution in thc tempecrature response; and
caleulstion (page 257 ) showed that the mean responses for
the 8th &ly injection were simmificantly less than the
mean responses for the same groups for the 1lst injection,

The establishment of eross-tolerance 15 indiesated
by the responses for injections 9 and 10 (i.e. on the 11th
and 12th days respectiveldy being significantly less than
thc responses for ths 1st injections, |

A larger doses of lipopolysac:haride from s.dbarfus
equi was given to rabbits of Group C on day 11 (0,4)/kg)
because the dose of Proteuns pyrogen to which these rabbits
were rendsred tolerant was mmch inore powerful than 0,04)/kg
of Salnonella lipopolysaccheride which was given to Group B,
Ce47/kg Salmcnella lipopolysaccharide was approximately
equivalent in strength to the dose of Proteus pyrogcﬁ to
which Group C had bzen rendered tolerant. It is seen that
this dose of Selmonella lipopolysaccharide elicits a
pyrogenic response which 1s significantly less than that
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elicited by Proteus pyrogen on the fist dayv.

The dooes of Pseudomonas polycaccyaridc and
Salmonella lipopclysaccharide are roughly equivalent, and
that of Proteus pyrogen is stronger than the other two.

Group A rabbits (rendered tolerant to Pscudomcnas
polysaccharide) gave a greater response to Proteus pyrogen
than Group C gave on the B8th day (Group C had been
rendercd tolerant to the ctronger doce of Proteus pyrogen).
Also Pseudormonas polysaccharide given to Gfoup B (rendered
tolerant to Salmonella lipoholysacchaoride) elicited a
greater responge than when given to Group C (rendered
tolerant to Proteus pyrogen) indicating that the stronger
dose of Proteus pyrogen had probably Induced o grecter
degree of tolerance thén the weaker dose of Pseudcmonas
polysaccharidz,

By comparing the meang for day 8 with those for
days 11 end 12 (psgeos59) 1t is seen that the degrees of
cross~tolerance are approximately ecuivalent with the exception
thot Group C appeared to be more tolerant to Pseudomonas
polyccharide than to Proteus pyrogen (mean for day 12_
is siznificontly less than that for day 8) which may in part
be accoun%gd for by the difference in strength of pyrogenic

dose to vhlch Group C were rendered tolerant,
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 The larger dose (0.49/%g) of lipopelysaccharids from
Ss abortus equi given on day 11 to Group C gave a greater
response than Pscudomonas polysaccharide to the same group
on day 12, 0e04y/kg is roughly eguivalent to the dose
of Pscudomonas pclysaccharide, hence 1t is seen that
increcase in dose of pyrogen from another bameridi gource
i1s,to scme exztent, tending to overcome tolcrance
~olthough in this instance the dose 1a still not large
enough to completely cvercoma the toleranec which had been
established, The possibility 1s not completely
excluded that crossetoierance 1s not complote and the
results depend to some extent on the dosage employed.

As in the prcovious exnoriments the precipitin tests
were negative in nll cases, shaving that the production
of tolerance is indepecndent of precipitin production,

The possibility of production of cross—tolerance is
further evlidence to support the contention that different
pyrogen preparations (i.e, from different bacterial sorces)

»08ses3 a comtnon baszis for physiolegical activity.
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S8ection 6

The detection of pyrogen in therapeutic materials which
induce hypothermia in the rabbit,

A-Indection of Calcium Gluconate
The present position with regard to the testing fo

the presence of pyrogen in substances which cause
hypothermia in the rabbit is unstaisfactory end this ie
ovidenced by the absence of a limiting test in the B,P, for
pyrogen in Injection of Calecium Gluconate,

~ Intravenous injection of calecium glueconate caiscs
hypothermia in the rabbit, but no data could be found in the
literature to indicate the duration of this hypothermia -
after a gilven dose of caleium gluconate intravenously, or
whether it would interfere with the pyrogenice response 1if
given with pyrogen.

This problem was investigated not only with the

object of finding out what happened when calelim gluconate
was given intravenously with pyrogen but also to examine the
possibility of employing the new index of actimity (which
measures the degree of shift to the left) as the basis of
a -pyrogen test for Injection of Calcium Gluconate,

Only one report could be found in the literature concemirg

the effect of intravenous injection of a calcium salt on the
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polynuclear count in rabbits, where the author injected
6 mls of 2% caleium chloride end gave the result for
1 rabbit. Although he clalms that there was a slight
regenerative shift in the count after injection, the
value of this shift 1is éo low, that the results for a
-group of rabbits could possibly have been open to
different interpretationd?3
Several experiments were performed tﬁ order to
elucidate certain points before commencing the investigation,
It is well hnown that Seitz filtration of a pyrogenic
- solution will effectively remove the pyrogen, and this
waa applied in the preparation of pyrogen-free soluticns
of calcium gluconate, It was agscertained that the process
‘of Seitz filtration did not reduce the content of
c¢alcium gluconate in the solutions, This was done in the
following manner: |
i assayed the calcium gluconate to be used in the
experiments,‘by the method glven in the British
Pharmacopoela,
ii prepared a 10%soltuion (as for the injection) and
divided this into two portions. One portion was
filtered through a Seitz filter (Carlson 6em "Special"

EK Sterilising) and the other was not. From each
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of these two portions were taken two accurately measured
5 ml quantities (z 0.5 G. calcium gluconate) which were
agsayed for calcium gluconate in duplicate,

It was also ascertained that Seitz filtration effectively
removed added pyrogen from "Injectir‘m of Calcium Gluconate.
If Seitz filtration were carried out after the addition
of pyrogen to Injection of Calcium Gluconate, no pyrogenic
reaction was obtained. -Rabbits receiving the injection
immediately after the addition of pyrogen , developed
pyrexia ond a shift to the left. |

;l:t ic obviously desirable to use as mch as possible
of the substance being tested for the presence of pyrogen
inorder that the smallest quantities of pyrogen which
may be present are detected, But in the case‘where the
material to be tested exerts a pharmacological action
on the test animal, and especially in this case where the
action includes the production of hypothermia, a compromise
has to be made otherwise the object of the test may be
defeated,.

It was considered desirable to test Injection of
Calein m Gluconate (10%solution) without previoﬁs dilution
for two resons: a -~ dilution creates an avenue for the
introduction of pyrogen; b - any pyrogen already present
may be diluted to a sulliminal value.
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Several experimats were performed in which the
rabbits received 5 mls/kg, of njection oé Celcium
Gluconate and subsequent falls in temperzzbure ranging
from 0,66 = 3,67°C were recordeds Falls in temperature
of over 1 centigrade degree were usually accompenied
by signs of distress in the animals, while those rabbits
which experienced Talls of 3 centlgrade degrees were
in a state of semi-collapse during a S-hour period,
Breathing was laboured cnd they salivated and urinated
freely. f“s their temperatures rose to normal the
signs of distress gradually disappearéd.

Unexpected results were obtalned when pyrogen was
added to as large a dose of calelum gluconate as this, and
115 was considered that b mls/kg of Injection of Cdedun
Gluconate upset the rabbits so much that it was too big
for the purpose of testing the injection for pyrogen,

Subsequent experiments were performed using a dose
of 2 mls/kg which was found to produce a much less scver®
reaction and to cause a hypothermia which was replaced
by preinjection temperature within about one-and-a-half
hours, This dose was chosen for reasons other than the
convenience of the duration of effecte

The maximum dose recormended by the British
Pharr.;xacopoeia for Injection of Calcium Gluconate is 20 mls
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(intravenously or intramiscularly), and assuming the
average adult to weigh 70 kg, this provides ocne ml for
every 3.5 kg of body Weigbt. Thus in the present
experiments the rabbits are receiﬁingdbout seven times
" the amount of 1njection on a basis of body weight, and
therefore about seven times the amount of pyrogen which
may be prdsent also on a basis of body weight, But the
human subject appears to be more sensitive to pyrogen
than the rabbit, hence if pyrogen is not detected by
the rabbits, 1t may be assumed that the injection is
for practical purposes pyrogen-free,s

The experiments were planned 80 that each of

22 rabbitis Wouid receives .

i - 3 mls /kg of Injection of Calcium Gluconabe(Seitz-
filtered to remove any adventitious pyrogen) to
which had been added a dose of Proteus pyrogen
sufficient to raise tho rectal temperature of
the rabbits about 1C0

11 - the same dose of pyrogen alone

111 - 2 mls/kg of njection of Calcium.Gluconate
(Seitz-filtered)
all on separate occasions.

"ComparIQOn of the results for each series of
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injections then allows observation of the effeet of
Injection of Caleium Gluconate on the rise in temperature
snd the extent of shift to the left produced by a dose

of pyrogen which has given a mzasured rise in temperature
(in the same rabbits) and leucoeyte response,

;nformation is of-course also ylelded concerning
tha effect of pyrozen on the hypothermic effect of
Injection of Calciuﬁ Gluconate given intravenously.

Tho results have been summarised in tabular form
(table 14 ) =and are given in detall in appendix III
on pages 245-252, "

Table 14

-

gesults of experiments to determinz the effect of the
resence of calcium gluconate on the pyrogen reaction
in the rabbit

‘ G G+P P
Fall in temperature(co) 0. 66 0e42 -
Time to reach mininmum |
tegperature (minutes) - 20 12 -
Dursgtion of hypothermia
(time to return to pre- o
injection temperature; |
(minutes 80 34 -
Rige in temperature(C°) - 1.18 1.2
Time to resch peak
temperature (minutes) - 112 117
Percentage f£all in the ‘
average number of lobes
per neutrophil 1.9 23.0 21.8
G: injection of calcium gluconate 2 mls/kg
G+P: same but containing pyrogen 0.02ml/kg

P: pyrogen 0,02ml/kg
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Rectal temperatures vere measured as already
described, ond the pﬁe—injection temperatures were
calculated eg the mzan of temperatures recorded at 10
ninute intervals during the hour immecdistely prior to
injection.

It was found that within a few minutes after
injection of the calcium gluconate the temperature of
the snimals began to fall, reaching a ninimum value
-about 20 minufes cfter injection, although this wzs
extended in some instances to as much as 48 minutes,

- The return to pre-injection level was usually
complete in about aon hour-and-a-half and seldom

excecCed two hours, Severe hypothermia was uncommon

and in the onc or two instances of 4its occurrence, both

the temperature ond the physical condition of the rabbit

were steadlly epprosching pre-injectim level by 3 hairs

after injection.

The effect of pyrogen given with calcium gluconate

was to decrease the hypothermia due to the latter,
accelerate the return of temperature to pre-injectlon

level, and to stimualate a typical pyrogenic response

within 2 time which was not significantly different from

that in which pyrogen alons producef pyrsxia and a
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shift to the left, Neither the degree of shift to the

left nor the temperature rise which occurred when

calcium gluconate was gilven with pyrogen was significantl&

different from the corresponding results obtained with

pyrogen alonej; and the times takento reach peal temperatures
were not significantly different. (calculations on page252)
From these results the following concluslons may

be drawn:

i The presence of pyrogen in Injection of Calcifim
Gluconate can be detected by measuring the rise in
rectal temperature occurring in rdbbits: the hypothermic
effect of calcium gluconate is modified by pyrogen
which stimilates a pyrogenic response of undimininshed
intensity

11 The peak temperature of a pyrogenic response occurs
in the sams time when caleium gluconate is given with
the pyrogen. The duration of a pyrogen test need
not be prolonged beyond 3 hours in order to allow
the effects of any pyrogen present(temperature or
leucocyte response) to become apparent,

111The degree of shift to the left occurring when pyrogen
i35 administered with calcium gluconate is of the same
magnitude as that occurring when pyrogen is given

alone
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In conclusion 1t may be sald that for the purpose
of a pyrogen limit test for Injection of Calciim Gluconate
‘a dose.or 2 mls/kg would be a suitable quantity to test.
The period of the test need not be prolonged beyopd 3
haars and either the rise in temperature or the degree
of shift to the left occurring smong the rabbit

- neutrophlls may be ﬁsed as an inder of pyrogenic actimity.
In these experiments tenperature responses were

measured as described in Section 2; the deurece of shift to

the left was also cormputed as described in Secticon 2,
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B = ACTH ,
A problen similar to that of Injection of Calcium

Gluconate but probgdbly more cogpplex is presented by ACTH,
ACTH is a good example.of a substonce which might Ye
expected to be heavily contominated by pyrogen unless
great care is token during manufacture to exclude bactersd
contamination at all stages in the process.

ACTIH causes hypothermlia in the rabbit when injected
intravenously; it also brings dout a considerable
alteration in the blood picture, the changs reserbling
that produced by pyrogen,

There is evidence that the hypothermic (and
entipyretic ) effect of ACTH is not du%to contaminating
posterior pituitary‘hormone}71

Douglas and Paton171 concluded from experiments with
ACTH and pyrogen that ACTH will delay and reduce the
pyrexial response if given simultaneously with pyrogen; given
after pyrogen, ACTI will exery on aontipyretic effect.

The observed delay in the pyrogenic response prompted
these authors to suggest that in testing ACTH fom pyrogen
the test should be prolonged to 5 hours in order that
peak temperatures due to pyrogen might not be missed,

With a different oﬁject in view other workers}:8l
investigated the effect of ACTH on the febrile response
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of dogs to pyrogen in a serles of wgll-planﬁed
experiments with aaequate controls using a cross-over

. technique, They concludzsd that ACTH did not affect the
febrile responss of dogs to pyrogen, inasmich as it
failed to reduce the maximum increment in temperature
for the mean G-hcur 1ncfement following pyrogen
administration,

The experiments rcported here werc performed with
the object of clarifying the position with regard to
- the testing of ACTH for pyrogens

The degree of shift to the left occurring(aend the
temperature response) was measured in order to Getermine
whether the leucocyte effects of ACTH and pyrogen were
in any way additive,

Two groups of rabbits (15 in each group; 4 rabbits
common to each group) were used, . The experiments were
planned so that the rabbits of each group would at
separate times receive: ACTH nlone; ACTH together with
pyrogen; and pyrogen alone,

Group A received a dose of pyrogen (0,06 ml/kg)
sufficient ot give a near maximal response (1.7 = 2.0 C%);
group B recelved o dose of pyrogen (0,02 ml/kg) sufficient
to raise the temperature of thc rabbits 1 - 1.5 c®.
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The pyrogen used was freeze-dried standard from
Proteus vulgaris (see Section 2) but being a different
bateh had greater potency.

The tochnique used in measuring temperature and
in preparing biood smears was similar to that already
described with the exception that the test was extended
to 6 - 8 hours (from timec of injection) and the pre-injection
temper atures were calculated as the mean of 10 readings
in the hcur-ond-a-half preceding injcetion,

The ACTH uged (Organon) had a stated potency of
2,32 units pernpyn, |

The volumc of all injections was 2 mls/kg
irrespective of the dose of ACTH and/or pyrogen; solutions
anl dilutions were made with saline,

ACTH wae given in n doge of 1 unit per kg body
Weight to both groups, The considerations governing the
choice of dose to be used in the test ere similar to those
discussed under Injection of Calciuin Gluconate, In the
experience of the writer 1 unit/kg of this ACTH 1is as
great a quontity as can be given to a small group of
rabbits without upsetting so many of them as te mﬁke the
result useless and another test nececsary. Doses of 2

and 3 units/kg csuse severe hypothermila (£alls in temperature
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of 2.5 = 3.5 C9) lasting for 8 hours asnd longer =nd

the rabbits show sisns of dlstress more than half of them
being in & scmi-collapsed condition, lird novement being
almost totally absent, Doses which have thig effaect
upon the test onimals are nanifestly too lerge for the
pyrpose of the test, since robbits in this condition
could hardly be expected to yield asccurate resultec.

Douglas and Patoni7l gave one group of rabhits
3 units/kg and inspection of their results will show
that several of the falls in temperature ofter thiz dose
Wefe approaching 3 centlrrade degrees, and they state
that coﬂsiderably larcer folls somstimes occurred,

The vesults of the pvesent geries of éxperiments
are recorded in detail in oppendixV on page 260 and the
fcllowing Qonclusions are drawn

Groups A and B showed eimilar hypothermie¢ responses
to ACTH (both groups rsceived 1 unit/kz)e. There was
considerable betiveen rabbit vorlation in the responses
and the standard dcviation was more than hoalf the mean
response in both cases, The absence of a risc in
temperature after thc hypothermia confirmed the assuranée
we recelived thaf the comple was non-pyrogenic, It was

also fouhd that the percentage fall in the average number
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of lobes per neutrophil (degree of shift to the 1ef£)
fe ACTH was sinilar for both groups (21.9;22.0)

| By comparing the results for the ACTH+pyrogcn series
of injections with thtse where only ACTH was given, it
1s seen t hat vhen the hicher dose of bpyrogen was glven with
ACTI the hypothermia vap deereased by two-thirds to
three~quarters as conpared with that obtained when ACTH
was given alone, end when the louer dose of pyrogen was
given with ACTil the hypothernla was recdused by more
than half. (see table 15 )

Teoble 15

Effect of pyrogen on the hypothermlia produced by
: intravenous ACTH in rabbits

mzan fall in
tempegature t P result
C
ACTH Tunit/kg| 1,73
GroupA 3e T06<0, 001 |significantly
ACTH lunit/kg 0,49 diffe rent
+pyrogen (0,06
| m/kgy
ACTH lunit/kp 1,91
GroupB 3. 770/<0, 001 [significantly
ACTH lunit/kg 0. 78 different
+pyrogen (0. 02
nl/kz)

When pyrogen was given with ACTI a ghift to the left
occurred, butte no greater degrce than vhen pyrogen was

given alone, lloweverythe degrees of shift to the left
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for ACTH given with both doses of pyrogen (separately)
vere greater than for ACTH given alone, showing thot
wiyhin this range pyrogen will augment_the shirt to the
left produced by ACTH, |
The rises in temperature clicited by ths larzer dose
of pyrogen and this together with AGTH were not
significantly digferent (table 16),
| Table 16 ’
Effect of ACTH on the pyrogenic response in rabbits

rise in :
temperature t P result
wenn)C
ACTH Tunit/kg . 66 significance
GroupA +pyrogen (0, 00 0.9~ | of difference
ml/kg) | - .lc.197|0.8 not
( , 1- ' establiched
pyrogen(0. 06 70 "
11/l ) '

There 1s hovever a slight tendencey to a lower
'temperatufe when ACTI 1le glven wiéh pyrogen, and 1t is
poesible using only two or three rabbits (see 171), to
get a result cheving that ACTH dscrcaces the pyrogenilce
regponce at this level,

with the weaker dose of pyrogen however, it was
found that ACYH 4id significantly lowér the peak
" temperature. (toble 17)
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Tuble 17
Effect of ACTIH on the pyrogenic response in rabbits

rise in

temperature t P result
. (menn)_¢o _ N
ACTH lunit/kg 0.88
+pyrogen(0, 02 ' simnificantly

GroupB ml/kg) 347950001 | different
pyrogen (0,02 1. 54
/&) -

Thus 1t anpeora that ACTH will modify the. pyrexia
of smaller doscs of pyrogen to some extent; and this
erphasiscs the importance of using as rmch as 18
practicable of the éubstanée 0 be teoted for pyrogen.

The degrecs of shift to the lecft for ACTH+pyrogen
-and for pyrogen slcne (both doses) were not significently
different,

It wos found that for doth groups ACTH delays the
time required for pyrogen to exert its maximum pyretie
effeqt; and 1t ~ppears te do so to th: saomz extent with

both dose-levals of pyrogen. (tcble 18)
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Teble 18

Effect of ACTH on the tim= required by the rabbit to
reach peak tempersture efter pyrogen injectim

Tims to

reach peak

temperature t b result
. (ainutes)

ACTH Iunit/kg | 179

+pyrogen (0,05 - significantly
GroupA ml/kg) 6.822/0,001| different

pyrogen (0,06 100

ml/kg)

70T 1unit/xz | 193 _

+pyrogen (0,02 0.01~| significantly
GroupB nl/kg) 24 217[0.001| different

pyrogen (0. 02 121

ml/kg)

ACTH 1unit/kg 179 significance
@GroupA |+pyrozen (0 05 0.2 ~-| of difference
' ' nl/kg) 1.33010.1 not

ACTT lunit/kg 192 cotablished
GroupB |+pyrogen (0. 02

nl/kg -

Althicugh the peak tenperaturc of a pyrogenic

reaction cccurs abeout 2 hars aftecr injecetion, a

pyrogen test 15 usually prolonzed to 3 hours after

injection in crdcr that late peaks nay be observed; and

this ic luportant wiicn only < rabbits are used in the

test(as in the B, P, test).

When ACTH is given with
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pyrozen, the maximum'pyrogenio response tends to be
delayed to about 3 hours, hence 1t would be advisable
t0 prolong any test of ACTH for pyrogen to at least
4, and preferabiy 5, houré af ter injection,

A test of this nature for detecting the pesencse of
pyrogen in ACTH is not wholly satisfactory, sincs
small amcunts of pyrogen will probably be missed due
to the depressing effect of ACTH on the pyrogenic response,
There 1s no reason, however , why a test of this nature
‘should not detect gross pyrogen contamination of samples
of ACTH, |

It is recommended that 1 unit/ké ACTH is the largest
useful dose to be used in a pyrogen test, If a dose
larger than this 1s used and only © rabbits are used
in the test, 1t i1s possible that 60;5 of the rabbits
will give either no response to any pyrogen present, or
will be‘so seriously upset that any result obtained
will not be reliable.

Beattie and Hartfalll”® reported typieal
"moderately severe'" pyrogenlc rewx tions after administart-
ion of ACTH to their patients. 20=-25 mgm in one litre
of saline vias ‘taken as the stendard dcce and vas

adninistered by slow intravcnous infusion over a period
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of 24 hours in most cases,

25 mgm fory say, 70 kg ﬁody weight 13 equivalent to
0.36 mgm/kg. In the case of the material used in the
experiments reported herc, every mgm ACTH represented
2,32 units, and each rabbit received 1 unit/kg hehee for
a 2.0kg rabbit (thc average weight of the populatin)

2.5 units were administered = each test which 1s just
over 1 mgn, glving a dosc ofv0.4 mgm ACTH per kg body weight,

Thus it is scen that 1 unit/kg 45 a useful and
practicable cuantity to test for pyrogen, although there
is, in this case, 1little margin for the increased sensitivity
of humans to nyrogen as compar2d with rabbites, As well
as being useful, this quantity appears to be the naximum
posaible, if a rellable estimate of pyrogen content 1s to
be obtained using a test of this nature,

It 1s not possible to usec the.Polynuclear count as
the hasis of 2 pyrogen test for ACTH, since although
pyrogen increases the shlft to the left attributable to
ACTH, different doses of pyrogen vhen injected with the
same dose of ACTH, elicit the same degrece of shift t# the
lert, vwhereas injected alone, they elicit significantly
different degrees of shift to the left. (sece tableld)



112

Table 19

Showrire the decrecs of chift to the left elicited.ﬁy

ACTH, ACTH 4+ pyrogen, and pyrogen

Percontage Tall in
average number of
lobes per netitrophil

o | Groun A | Group B
ACTH 1 unit/kg C2.0 219
ACTH lunit /kg + pyrogen(0,006ml/kg) 554 0 -
ACTH lunit/kg + pyrogen(0.02m1/ke) - B4 T
Pyrogen (0,06ml/kg) %8¢ 4 -

 Pyrogen (0.02rl/ke)

————
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Discussion

Tle concept of the polysaccharide nature of pyrogen
ic well estoblished ond the most potent preparations so
far ohtained have becn shovm to incorporate a
phogpholinid géoup in the dructure and have therefore
been called lipopolysdcaharides. Althoush the sugar
recidues appear to vary from one preparation to another,
it ig not yct knoun vhethcr the structurs of the
phospholipid to which pyrogenic activity has becen
attributsd, is constant for the different prepaorations,

The difficulty vhich this substance has é%écd in the
past hag to some extent becn explained by the
demonstratiin of its tremendous potency ond by its ublquity.

The physlolcgleal examination of this pewerful
bacterinl ristabolite has been discussced in detall, and
although rmch clear-cut eviidence is awslted, there is a
large amount of experimcntal data which hnas shon thatthe
production of zome other substance ("ondogenous pyrogen")
is stirmmlated bv the injJection of pyrocen, and that it is
in 2l probvability this cndozenous pyrozc
vhich 1a responsible for the goneral stimulation and
the chain of cvents which follow, The action of pyrogen
is thercfore seen to be indirect, The site of production

of endogenous pyrogen ig unknouvn,
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The temperaturce regponse is belleved to be mediated
by CIT1E gtirmlatic and the leucocylc response nainly by
the pituitary-cdirenal systoen. Thoere alse appear to be
profound cifects cn othor cndoerinc ond hacrnopolctic
orzgans an? on th: reticuloendothellinl systen. |

The clinical cfficiency of pyrogen has its faindation
in thi%non-specific stirulat ory action, and this has been
most profitably cemployed in a voriety of ailments when
‘used as on ndjunct to other more specific mzasures
vhcre these exioct,

The difficulties which nay be expzricneed in the
preparatio: ol pyrogen have bLeen dlscussed ond 1t 1s seen
that the cxtensive purificaticen required vwhen complex medla
and/or bacterial bodles are usced as saarce can be avolded
vhen a sinplo largely inorzanic mcdium is used and the
bacteria rermoved before extraction of the pyrorcn.

Two sinple nothods were elaborated and are reported
in part two (Seetion 1) of this thesis. The first consisted
in adsorbings ths pyroszn onto asbestos nads, subsequently
eluting it wilth an 2lkaline fluld, and irmcdiately
noutrallsing the sluatey beférs peacivitating with alcohol,
This mzthod was susgested before, but dccompocition was
found to be too rapid to alloyw the recovery of the pyrogenic

activity, The suceess of the prcescnt method appears to be
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related to the iriiediate neutralisation of the eluate
(or its aljustuent to pH 6) and probably to the method of
cluticn crpleyeds It appcars that sucking the cluting
fluid‘.lr i the pads after 10 -« 15 rdnutes soaking 1s
guite saticlaoctory. The naterisnl produced had a
minirmm pyrozenic dosc of Oe37/XC e

In the zeeond rothed suigested the liquid bulk vias
rzcuced by drying from the frozen state under reduced
pregssure, Thiz convenliently concentrates the pyrogen
solution and the writer feels that if large seale
freege=drying apparatus could be obtained this mcthod

could bz used to »roducs pyrosen in guantity. rerification

of the frceme~dricd rioterinl was ciarried out by did ysis,
repetition of thc freeze-drying process and finally
acctone precipitatio . Tho naterial obst ined had an MPD
of 0,04Y/kpe for robiits

The other ccctions of thic thesls arc devoted to
an exarination and comparicon of certain biclozical
ropertics of pyrogen.

Therc is mo more rcason in using the temper ature
response a3 2n index of pyrogenic activity than in calling
the substance pyrozch. It was called pyrogen because
it was first Imown to clevate body termpcrature, and for a

long time this was the only well known physiological
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reaction of the substance, hence 1t was by this index that
pyrogenic activity was, and as yet mostly is, measured,

But a large volume of literature has gradually been built up
thich points unmistgakably to an equally important effect
which pyrogen has 6; vhite blood cells. At first it was
voguely imagined that this was aimost catainly a

gecondary effect of some sort, and this may still prove to
be s0, but it dose seem at least that it 1s no more indirect
than thc pyrexial effecty and it is probablyyaggi nearly
related to the means wheredy it exerts its beneficidl
therapeutic action. In fact, it has been shown
experimentally that pyrogen has an affinity for the white
blood cells, that it damages th.m, snd also that on
disruption in vitro certain white blood cells will liberate
material which will upon injection elevate the body
temperature of experimental snimals. Thid does not prove
that this is what happens on injection of pyrogen or even that
it 1s theﬁeffect of endogenous pyrogen produced in fhe

body, or again that what is liberated from damaged cells is

endogenous pyrogen which is responsible for the thermogenic

stimilus, But 1t does at least precludes the assumption

that temperature rise 1s a direct effect of pyrogen injection.
Similarly the leucocyte effect which has been used

as an index of pyrogenic activity (degrce of shift to the left)
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may not wholly be a'direct effect oy pyrogen, because the
appearance of ybuhg neutrophils which éases this shift to
the left may possibly be brought about by a stimulation o
haemopoietic organs directly by pyrogen or endogenous
pyrogen, or it may be brought about as a result of
pituitary-adrenal stimlation, or even as a result of

of the depletion of the leucocytes which initially occurs
or by a combination of thesse, ‘

In view of the fact that the temperature response has
been shown to be less reliable than the leucocyte'response
(Sections 2 ond 3 of this thesis) end that the temperaturs
response has been ghown to be unnecessary in order thet the
therapeutic effects may be obtained (indeed rise in
temperature is regarded by some 88 on unwaonted side‘efféct),
a8 well as being cumbersome7to measure accurately from‘the
point of vieq of assay,it 2ssuggested that the leucoccyte
method described replace 1it, |

Other workers have advocated leucocyte methods of
potency estimation, and these have included total leucoeyte
counta?ls106,172 4y dogs and rabbits, and differential
counts in rabbits?

There is now an overwhelming amount of evidence that
te various well known manifestat ions of the pyrogenic
reaction are caused by pyrogen and not by any
contaminating materlial present in the dlfferent preparations
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vhich have been studied by the different workers. The
demonstration in this report of the existence«bf correlation
between the temperature and the lcucocyte responses over
the ranges defined;'and'using pyrogen preparations from
different bacterdal sources and prepared by totally
aifferent methods adds greatly to this conclusion, It
would be unlikely that the different types end quantities

of possible contaminating impurities present in such a
variety of different pyrogen preparations would elicit
both the tempcrature and léucocyte responses having such-

a consistent relationship as has been shown to exist
(Sections 2 snd 3 of this thesis).
In Section 2 where the original investigation of the

suitability of the polynuclear count as a basis of an

index of pyrogenic activity ie reported, the conclusion was.
dravn from the data that as far as the variability of the
different responses is concerned, there is little to

choose between the temperature response as an index snd thd
which measures the degree of shift to the left (based on the
polynuclear count), but thét temperature appears to be
slightly less variable;’ -

| In the application of the new index to pyrogen from
other bacterial sources (Section3), howsever a smaller number

of experiments was performed in an endeavour to determine
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which index retained most accuracy (i.e. the accuracy was
"diluted-out" equally in both cases)s This was done because
it was felt that with such a large number (360) experiments
as was performed in the original investigstitm (Section 2)
" both 4indices of activity were likely ‘to show similer
éccufaoy, whereas with a smaller number of experimenfs as
was performed in Section 3 , inherent inaceuracy would be
more 11ké1y to show up, This was found to be the case
and 1t was shown that the index of activity based on the
polynuclear count ‘(percentage fall inthe average number of
16bes pemeutmphil meacuring the degree of mift{to the left)
was the more accurate (i.e. less variable).

Two new ratios were deviééd (ratio- A and ratio B)
in order to check the re_sﬁlt given by the comps}x'ison of
the coefficients of variation ahd this they were found to do.
Ratio compares in a way which is independent of the units
of ‘me'asurement , the scatter about hte regression with the
range of values composing the regression} and ratio B compares
similarly the same scatter with the"height"of the
response (the overall mean of all the responses), Hence
the variability of the responses has been assessed in a
manner which considers not only the range but aleo the
degree ("height") of the responses;. |

‘:'t has also been shown thet the new index of activity
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is suitable for detecting pyrogen contaminatim in wster
and saline, where the pyrogen is derived from a mixture
of unknown bacterial scurcese

y Signs of incipient tolerance in some rabbits which
hah had slipghtly more than 12 weekly injections of Proteus
pyrogen were detected!&nd further evidence was supplied to
- dissoclate this phenoﬁenon from thet of precipitin

production,

The biological similarity of pyrogen from different

sources was further demonstrated by the productim of a
degree of cross-tolerance to 3 different pyrogen
_preparatichs, The results of these experiments (el ong
with those on the polynuclear count using pyrouen‘rfom
different sources) suggest that in spite of the reported
- variation in the polysaccharide composition of the var ious
preparations there is the basis of e¢ommon pharmacological
action, This basis has been indieated by Westphal to
reside in the common phospholipid moiety, although proof
1s 5t111 avaited that the structure of this part of tho ms
molecule is constant from one pyrogen preparation to |
anothery and in the light of otherievidence already quoted?6
that 1t 1s to be found in all pure pyrogen preparatias, |
An attempt was made (section 5) to use the new index
of activity in the solutioﬁ of the problem of testing
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for pyrogen, certain therapeutic materials whi%P produce
hypothermia in the rabbit. -t was shown that coraputdion
of the degree of shift to the left (pe centage fall in the
average number of lobes per neutrophil) would give a
reliable indication of the pyrogen content of Inje ction
of OalcitXm Gluconate, and also that the use of the
tempa?ature response was still a possible choice for the
detection of pyrogen in this injection, the maximum

rise in tempertaure being unaffected by the transient
initial hypothermia produced by the calcium gluconate.

In the case of ACTH which may also be given
intravenously, the leucocyte response to the ACTH itself
cojrfuses/any leucocyte response due to added pyrogen.

It was found, however, that a modified test involving the
measurement of the rise in temperature which succeeds the
initial hypothermia, when pyrogen is present in the injection
would serve as a control for gross pyrogen contamination.
This problem with ACTH presents difficulties which have
already been discussed (Section 5) and which reduce the
pyrogen testing of ACTH to the state of an inaccurate

limit test. If the dose of ACTH given in the test is
increased in order to detect small quantities of pyrogen,

the hypothermic effect (and possibly other effects) on the
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rebbits 1s so severe as to vitiate the test, If the dose
of ACTH is decregsed in order to avoid this there is a
| chance that enough pyrogen to cause discomfort to a
paﬁient will esecape detection. | It'.\&as found thé
1 unit per kg of the ACTH supplied by Organon Ltd
| (2, 32 units /mgm) was a suitable compromise for the test,
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Summary

A survey of thc reccnt litcrature dealing With‘pyrogen

has been mades

. Two methods are described vwhereby potent preparations
of pyrocen may be obtéined from an inorganic medium
culture of Protcus vulgario,

A new index of pyrogenlc activity has been devised and
it is based on the degree of shift to the left occurring
among rabbit neutrophils after the injection of pyrogen.

This index of activity has been used successfully with
pyrogen from various bactérial saarces and of different
potencies, and has bcen shovm to be more reliable than
the temperature responsc,

The phenomenon of cross-tolerance haé been demonstrated
using pyrogen from 5 Gram-negative organisms and it has
been shown that tolerance to the pyrogenic effect can be
established in thc rabbit without concurrent precipitin
formation,

The problem of testing for the presence of pyrogen in
substances which cxert a hypothermic effect on rabblts
has been studled ond several recommendations have been

made,
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Normal values for the 'Average number of lobes per neutrophil!,

Kabbiy Rabbit Rabbit > (x)
No, X 2 No, x x2 No, _X =
2,53 6, 4009 2,13 445369 2,04 4,163
2,29 B,2441 2,08 4,3264 2,15 4,6225
2 34 B, 4766 1.93 3,7249 2, 368 5, 5696
1 2.65 7,0225| Be 2,20 4.8400| 16e 2637 5,6169
* 2,24 5,0176 2,18 4,7524 1,77 3,1329
2,38 5,6644 1.82 3,3124 1.93 3,7249
mean 2s41 | 2,06 ; 2,10
2ell 4,4521 2454 6,4516 2,01 4,08401
2,11 4,452 2,33 5,4289 2:14 4,5796
2' 2009 4, 3681 90 2.24 500176 160 2:58 6.6564
2,29 5,2441 2,33 5,4289 1,96 3,8416
2437 5.6169] - 2,15 4,6225 éig% 3, 6451
ean 2. 16 2¢ 54 ®
- 2e19 4,7961 2. 27 5.1529 Ce 35 5o4289
2.2 B5,0176 2,16 4,6656 2,41 5,8081
2,05 4,2025 2,04 4,1616 2,61 6, 3001
B 2,07 44,2849 10, 2,29 b5.2441| 17, 2.51 6, 3001
2,05 4,2025 2,20 4,8400] 2,56 68,5536
1.99 3,9601| 2.21 4,8841 2,79 7,7841
mean feld Sz £82 1 2800
— 2416 4,6656 2,11 4,4521 . .
1.90 5,6100| -~ 3,14 4,579 2.21 4.8841
~ 2.30 5,29000 1,93 3,7249 92 3o
2,43 5, 9049 o 719,19, 6 3,8416
g- gg g- Zggg * 9,11 4,4521 1208 S.o7el
* » = 1,88 3,5344 . * “
mean 222 2.08 '%"'%2 536
2444 5,9536 5,26 b,1076 -5? 6. 5854
20 29 5. 2441 2.05 4.1209 ?o 6:505 2
2,49 6,2001 1.97 3,£809 Z+46 6,0518
2.26 5,1076 101.2. 78 7, 7284
o8 o Soca| | 2+17 4,7089 2.79 T.7841
. . 2,16 4, 6656 « 79 T,
2,56 6,55636 2,11 4, 4521 , 3.585 '67.2564
2,32 b,3824 2,09 4, 3681 56 6. 6664
2430 5,2900 2,23 4,9729 2,66 7,
2,38 5,6644 1024 2,48 6.1504
et o oreg| T 216 4.6666 2,50 64 2600
. . 2,02 4,0804 . .
nean 36 2,13 2.62 |
TGy mHama STLORY
2,44 5,95636 2,10 4.4100 2 28 o
2.09 4,3681 1.94 3,B636 « 55 6.
219 4,7961 103, 2,76 746176
7e . 14, 2424 5.0176 o o3 6 5165
2,23 4,9729 * 2,41 5.8081] o S Jove
2,03 4.1209 2.20 4,8400 24 26 D4

2,23 2,18 24 67



continued,

Rabbit
No. x
280
2647
263
104,222
24560
2059
mean. 54
D

2,76

2. 54
105,270
2,63
247
nean, 58
20 80
2439
2,47
107. 20 25
245
2640
meanZ, 46

7. 8400
60 1009
6. 9169
4, 9284
6+ 26500
6. 7081

64 5025
7.6176
5. 4756
7. 2900
6. 9169
661009

7. 8400
6. 7121
64 1009
4,9729
6. 0025

Be 7600°

Total number of
Number values per rabbiis=

Therefore total number of observatio

2X w 413,76 therefore meon X = .___._-412675

0503
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Rabbit
NO. X
2e 48
2,45
- 2, 60
108. 20 55

224
2424
26 42
2. b4
2,29
244
109,2¢ 36
2430
273
2 44
2 34
2497
% a7
110,258
26 &7
2. 21

B4 06

x2
6.1504
6. 0025
6. 7600
6. 4009
65,0176
5, 0176

644516
b 2441
5, 9536
De 5696
5, 2900
7.4529

8.4756
546169
546169
56644
Ge 1009
4,8841

rabblite = 30 -

6

P

2
therefore variance 62 & 3(x°) « Q%E)
n - 1

Rabbit

No. x
I 2617
2421
2418
400,200
2. 20
3,12
2615
2e 4
220
2e 23
402,2,08
¢ 27
Ce 22
2e 21
2400
286

2645

112,2.42
2.20
2 53
2.40

.

960.8297 - 951.0503
= 179

and hance standard deviation 6 = 0.23

- and coefficient of variation V =

0

x2
4,7089
4,8841
4,7524
4, 0000
4,8400
4,4944

5.,0176
4.8400
4,9729
4, 3264
501629
4,9284

642600
51076
6,0516
5.8564
4,8400
64 4009

ns = 130.( =n)

= 20 50

= 0,0546
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continued,

The six groups comprised the rollowinz rabbits, Values

are gilven for ths averags number of lobes per necutrophil,
Each valus glven is the mean of slx rsadings.

Group I (Beveren)
Rabbit average number of
No. 1lobes per neutrophil

2 2416
4 24 24
11l 2403
13 213
16 2,11
- nean r=5¢13
Group III (Havana)
h 2441
5 24 36
6 2¢ 36
7 2423
9 2. 34
mean =2,34
Group V (Chinchilla)
8 2,06
14 2.18
108 24 42
109 - 2,44
112 240

Group II (Dutch)

Rabbit average number of

No.
101
102
103
104
105

Group
3
10
12
15
17

Group
110
319
400
402
107

lobes per neutrophil
262
20 62
2. 57
2,58
mean==2,59

IV (Havane)
2.10
2e¢ L
210
2410
% b2

mean BBQ 20

VI (dixed)
2¢ 36
1,98
2,15
2e 21
2646
mean=2, 23
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Normal valueg for the percentage of small lymphocytes.

Rabbit
No, x
64,3
68¢ 1
£6.6
60,4
7l.1
60,1

636 9
62,0
Tle 4
59,0
7046
62.6

6245
6Ge 8
679
675
57,1
784 6

62.1
60,9
76 5
67s1
728
T4el

59.8
60,4
63 8
T3¢ 1
41,5
59,6
522
48,5
5746
61.9
56e &
50,2

101

58, 4
676 9
73¢9
64 4
56,7
59, 7

102

Rabbit
x Noa x x2

4134, 49 8.4 4678,56]
4637461 63,9 4083, 21
3203, 56 66,4 4408, 96
3648, 16| 103 75.2 5656,04
5055, 81 67,7 4583,29
3612, 01 59,4 3528, 36
4083, 21 B56e4 3180, 96
5097, 96 71,4 5097, 96
3481,00 104 52.5 2756, 25
4984, 36 81,8 6691, 24
3918, 76 65,4 4277.16
3906, 25 AT, 2287.29
4462, 24, 704 6 4970, 25
4610, 41, 62,0 3844,00
4556425 105 55,2 3047,04
32604 41 53,0 2809, 00
6162, 25 71,1 5056421
5356, 41 57,9 3352,41
3708, 81 65,4 4277.16
53652, 25 50,9 2590, 81
4502,41 g 41,0 1681.00
5299, 84 49,2 2420, 64
5490, 81 31,2 97344

3576, 04 42,8 1831,.84
2540, 16 58,9 3469, 21
4070, 44 51,4 2641, 96
53434 61 47,1 2218,41
1722,25 14 59,8 3576,04
3552, 16 54,3 2948, 49
2724, 84 58,2 3387,24
23852, 25 47,5 2256,25
351776 57,8 3340, 84
3831, 61 58,7 1497, 69
3169.69] 10557,25271.84
2520, 04 58, 8 3457, 44
3410, 56 B4, 02916, 00
4610, 41 63, 0 3969, 00
5461, 21 66, 5 4422, 25
4147.36/ 10951,12611,21
3214, 89 53,17 2883469
3564, 09 62, 83943, 84

Rabbit

No.

112

X

55,0
54.0
53, 2
52,7
47,2
39,9

D.4é
62.b5
6144

- 67.1

08, &
6645

. 730

11

13

76,6
81l.2
65,4
42,7
64,7

56,8
63 2
72, 6
67, 4
724
59, 8

68,5
$9,0
&9

62,0
52,7

€60, 6

16

110

62,5
61,9
7204
54,3
45,4
&4

45,0
D5
63.2

B50e 4
P9 O

5,7

x2

3025, 00
2916, 00
2830424
2777, 29
2227,84
1592,01

1562, 36
3906425
3769, 96
4502441
54224 25
4422425

5329, 00
5862426
6593, 44
4277.16
52854 29
4186409

3226, 24
3994, 24
5270, 76
4542,76
5241, 76
B576,04

4692, 25
0481, 00
4886401
3844, 00
2777429
56724 36

3906, 25
3831461
5241.76
2948, 49
261416
&93, 76

2025, 00
24560, 25
5994, 24
2640,16

5481, 00
5102, 49



continued,.

Rabbit
- NOe

319

400

402

>x = 10850,1 thereforc mean =

X
44,7
454 3
6540
56,1
58,6
47.1

B85
64,0
66, 9
61.9
42,8
69+ 2

53,0
4844
61,8
466 8
461
42,9

%2
1998, 09
052,09
£2004 20
3147, 21
04334 96
2218441
422,25
£096,00
4475,61
2653.61
1831.84
3504,64

2800, 00
2152, 96
3819, 24
2190, 24
2125, 21
1840, 41

110«

139

Rabbit

107

10

X
67.8
75,0
Tde d
6949
8.6
6646

60,8

6849
66,4
53,7
62,7

73e d
684 6
7245
3447
51.5
54,2

(x?) = 670542,11 and %%E)

therefore variance 6

2

2

Rabbit

x3 Noe X
4596, 84 704 2
5625, 00 58,8
5520, 49 58e1
4886,01| 12 53,9
1489, 96 69,8
4435, 56 . 5644
3696, 64 . 68.6
A5564 25 60,8
4747,21 73,2
4408,96] 15 69,0
2883, 69 59¢ 6
39314 29 6444
53724 89 61,6
4692, 26 6646
52564 25 6840
1204,09| 17 64,7
26524 25 624 3
2937, G4 629

10850, 1 =

180 = 602

= 654025, 94
670542,11 -« €54025,94

179

= 92. 27

and hencec standard dcviation 6 = 9.6
and coefficient of varistion V = 16

<2
4928, 04
5457, 44
35754 61
2005, 21
4872, 04
3180, 96

47005, 96
3696, 64
53584 &
4761, 00
3562, 16
4147, 36

3794,56
44354 56
4624.00
4186, 09
3681,29
D 56441
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Percentage fall in the avcroge number of lobes per
neutrophil occurring in"blank"expcriments when only
apyrogenic saline (2mls/kg) was injected.

Rabhit
No, =X %2
1 0 0
5) 2¢8 T84
6 0 0
7 0 0
9 0] o
101 7.4 54,76 2X = 73,3 therefore ricon = 2,4
103 0 O Z(x®) = 413,91 end o = 179,10
104 1.8 3,24 |
105 3¢5 10,89 '
8 5e4 29,16 therefore v Lance = £13¢91=179,10
14 0 0] 2
108 5.4 29,16 = 8,10
109 led 1496 '
112 4.0 16,00 &ond standard deviation = 2,8
2 0 0
4 2¢8 Te84
11 0 0
13 0 0
16 1.0 1,00
110 0 0
319 0 0]
400 0 0
. 402 4,3 18,49
107 1,9 3,61
3 0 0

10 Gal 3Te21
12 el 87421
15 10. 8116. 64.
17 4,7 22,09
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Comporison of the var iancc observed in counting one
gmear _scverol times and that obgerved in counting
snears talien from cne robvbit ot _weekly intervals

Results of ccunts of ceveral smears Baken at weskly

intervalss
b x~
2,50 542900
5.05 41,2035 2 = oaoor  @2)°L 51lsam1
1ot © 34950 - o a2
2,16  4,6235 2(=°) = £1.,6501
2,14  4,5796
1,99 3,00601 therefors varicnce = 21e0501- 51,5431
2,07  4,2540 . 11
2,14  4,57¢H |
2,01  4,0401 0, 0097
1,93  3,7249
2,03  4,1209
2,07  4,2849
Eesults of one cmear counted several tincs:
.18  4,7524
016  4.8655
De24  5,0176 VX = 5 ZX) ;
2,28  5,1984 Z:O 20,86 g~ = 58,7861
286 5,1076 Z(x7) = EB.7086
2420 44,8400 S -
2,19  4,7561 thercfore voriance = DB8s7986=3,7861
2 20  4,8400 11
e 22 4,9264 :
2s21 4,584 = 0.C011

0, 6097 o s
Fe 0-001T = 8,8 which is greater than tho<
five pcreent value for the variance ratlo (nlullgnggll)

hence the varlonce observed in countlng onc smear several
tiren is less than that obsorved in counting snears taken

from cac robblt at veekly intervalc.
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cortinued,

The investigation reported on the previocus page was
repeated with smears from a different rabbit,

Regults of counts of several snmears taken ab weekly
intervals: ‘
X %2
2,33 B,4289 9
2,06 4,246 Sx = 24,98 (&3)a 52,0000
e18 44,7524 n
2.02  4,0004 S(x°%) = 52,1108 |
. 4,2549
1,95 35,8025 therefore varlance = Eﬁhllggif—ﬁgigggg
g'%é 4,5%69
«13 5360 |
2,03 3:1289 = 0,001
2400 4, 0000
205 44,2025
203 44,1209

Rosults of onc smear counted several tinmest

2.48 6,1504
2,38 §5,6644
2,44 5,9536
‘2446 6,00616
2,44 b,9036

2440 5.7600 5102y . 71,5093
2.45 6,0025

0

SX = 20,05 %’S)"‘n 71, 2969

71,3095 = 71,2969

239 55,7121 therofore variance = 13
2s44 55,9536 :
2¢47 601009 = 0.0002

5, 8564
2o s 641504

F "'%L%%g% 50,5 which 1is greater than the

five ?ercent value for the variance ratio (nlgllgnzgll)
hence the ffariance observed in counting one smear several
times is less than that observed in counting emecars token

from one rabbit at weckly intervals,
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Temperature rcsponses of 30 rabbits to 4 dose~levels of

pyrogen iron Proteus vulgaris,

Rabbit
" Yo. O.2ml/kge | 0,1125ml/kg. |
- 1e€2 1,37 1,05/ 115 1415 139
5 l.,45 1,45 1,071,011 1,03 1,0%L
G 1,29 1,53 1,34/0,80 1.20 1,14
L7 1146371440 1,23|1.13 1,52 1,37
} 0 1.60 1,49 1,48 1.54 1.16 1.35

=t
o
1=

; i N 50 1. 16 1; 61 1. 16 1. 17 1. 32
© 104 0 1435 1eB3 1e47[0,88 117 1,44
105 1433 0,80 1,30,0,84 0,98 1.11

2 11,20 1,24 1,26/ 0.83 1.00 1,15
L 103 1 1.74 1,48 1,2211,17 1,17 1,54
L1090 0 1,93 1,70 1,57:1,64 1,49 1,45
o112 0 178 .97 1450:1.66 1,10 1.47

.2 ' 1.07 1,08 1,47 1,70 1l.44 1,45
4 1.25 1,60 1.26:1,85 1,48 1,39
11 0.97 0,97 1,07 °1.75 0,01 1.43
15 :1.21 1.52 1.01 1,22 1.40 0.93

110 | 1,57 1,20 1,13 0,87 1,48 1,14
B19 | 161 2,21 1,75 1.68 2,12 1,46
¢ 402 0 1,55 1e41 1,62 1,13 1,73 0.91
107 . 1.51 1.80 1.45 1,52 1.72 0,59

5 11,20 0,89 0,96:1,27 1.10 0,96

10 ! ° 1’7 1.73 1. 171. 2? 1‘ 14: 1. 76
12 | 1,56 1,37 1.09 1,18 1,55 1,08
15 i1.28 1,25 1,47:1.22 1.05 1.03
17

| 1,44 1,11 1,10{1,79 1,12 1,04
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Rabbit
1 0.76 0.99 0,950,700 0.6 0,76
.5 1.11 0.77 0.,93|0.,69 0.75 0.61
.6 1,12 0,56 0.89|0.44 0,69 0,75
7 0.78 0,94 0,28{0,72 0,69 0,64
9 1.14 1,02 1,23{0.56 Q.55 0.69
101 [1.22 0,66 0,63|0,69 0,49 O
i 102 (0,82 0,75 0,870,057 0,31 0,50
{ 103 0,87 1,01 0,34|0.,52 0,74 0,46
L0104 (0471 Cu72 0.5910643 077 033
. 105 10432 0462 0,59/0.46 0,78 0,42
8 0.6 0,066 0,62/0,43 0,05 0,27
14 0.49 0,87 1,05/0,73 0,51 0,86
108 |1.35 1.37 0.77 0.53 0.72 0.54
109 {1.15 1.51 1.15/1.,15 1.18 0,95
112 {1,3C 1.37 0.81{0.99 0,44 0,45
2 0679 1,70 1.42,0,82 0,69 0,76
4 0,97 1,07 1,350,864 0,58 0.51
11 0,95 1,10 1.47!0,72 0,47 O, 77
13 1,49 0,299 1.292/0,7C 0,58 0,48
16 0081 1. 1’1 1. 35 0. 70 0067 Oo 97
110 [0.,94 0,76 0,55(0,420 0.41 0,68
319 /1,01 0,69 1,04|0,90 0,26 1,13
400 10,48 0450 0,750,331 0,53 0. 31
402 10,93 0,81 0,86{0.39 0457 0,38
107 10,71 1.13 0,57[0.64 0,40 0,74
S 1.16 1.22 0,7€0,44 0,40 0,68
10 0498 1,47 1.00{0.,73 0,38 0,80
12 11.32 0,94 1.01|0,9% 0.54 0,69
5 1.29 0,32 1.10{0,72 0,42 0,56
17 1114 1,30 0,970,778 0,78 0,59
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Calculations of the means, variances, standard deviations,
and coefficients of variation of the temperature responses(x)
to the Z dose-levels of vrogen | from _Protcus vulparis,

2 ml/kg, o
X X X X

1,62 246244 1,07 1,1449
le45 - 2410256 ‘ 1.256 1,56256
1,39 1, 9321 0,98 0, 9604
1,63 2¢ 6569 l.21 1,4641
1,60 2¢ 5600 1,13 1.28769
1,37 1.8769 1.08 1.1664
1,45 241025 1.50 2. 2500
1.53 24 3409 0,93 O, 8649
1,40 1, 9600 1.52 2e¢ 3104
1,49 24 2201 0. 94 0.B8836
1,05 1.,1025 1,47 241609
1,07 1.1449 1.%6 1« BB76
1,34 1, 7956 1,07 1,1449
1.48 2¢ 1904 1,55 1,8226
1,50 U.BQOO 1.57 Ce 4649
2, F0 6+ 2600 l.61 26 5921
1,67 26 4649 1,32 1,7424
1,386 1,8225 1.5 20 4025
1,58 1,92044 1,561 2¢ 2801
0, 80 0, 6400 1,20 1.,4400
1.16 1, 3456 2,21 4,8841
1.35 1.8225 Q.77 0, 5929
1,53 24 3409 1,41 1,9881
0, 86 0, 713906 1,30 1.6900
1,39 1.9321 - 1,13 1.2769
1,61 240921 1.7 34 0625
l.41 l.¢821 1 28 2.1316
1,47 21602 le 02 2.6244
1,30 1, €9C0 1,45 2410256
1,20 1, 4400 1,29 1.6641
1,46 241316 1,77 Z¢1329
1,74 34 0270 1. 56 244536
1.93 D6 T24LS 1,28 1,6384
1.78 De 1684 144 20736
1.24 1. 5376 0.89 0.7921
1.47 241609 1,72 2,9584
1.48 2¢ 1904 1,37 1.8769
1,70 24 8900 1e 23 1,5129
1,97 Je 5809 1.11 1,2321
1. 26 1. 5876 OQ 96 0. 9216
1.49 2. 2201 1,17 1.36389
1. 57 2. 4649 1. 47 2. 1609
1,30 1,6500 1.10 1,2100




continued,

X
1,15
1.01
0,20
1,12
1,54
1.15
1,03
1,20
1.52
1.16
1,34
1. 05
1. 14
1,37
1,35
1.06
1,16
0. 92
0,78
0, 84
1,17
1,17
1,10
1,17
0,23
1.19
1,32
1,51
1.44
1,11
0,83
1.22
1,17
l.64
1.66
1,50
1,12
1. 17
1‘49
1.10
1.15

%2

lou,uu
1,0201
0, 5400
1. 2769

e 3716

”ﬁﬂ
UL,

1.0003
1. 4400
24 5104
103%56
1.7€E6

Froor
® L\Shi.

1.29006
1. 870
1.8220
1,10¢4%
1.34E6
Oe B464
07TTLL
O.7056
1,369
1, 3€88
1.2100
1. 26080
0. 6604

1e4101

1. 7494
9.%?51
-J. 07
1.2521
0.6?99
1.45
.uvgﬁ
2. 6396
De THEB
1,0CCO
1l,2044
e CCED
262201
1 nlxd

AP AN
‘U./...U

1 1110
J. t 716
242201
241609
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0,1125 ml/kge

1,70

1.26
1.75
¢042
1040
1.44
1,48
0.5
1.40
1.20
1.45
1,29
1,453
0.93
1,42
e 87
1,68
De 96
1,15
l1e52
1.48
212
1.23
1.73
1.72

1014'

1.46
0. 705
0. 91
0499
1,97
1,28
1.18
1.52
1,80
1.10
1,14
1,35
1,06
1,12
0.96
1,76
1,08
1.0%
1.04

x2
248900

1,82256
340625
1,4884
241025

2,0736
241904

0.6561
1. 9600
1. 4400
201025
1,.9321
2e 0449
0.£649
2.0164
0. 7069
2.8224
0, 9216
1, 2769
1l,7424
241904
4,4944
1.5129
2. 9929
2. 95684
1,2996
201316
0, 8281
0.9201
1,6129
1.,63284
1, 3024
1,7424
1,9321
1.2100
1. 2296
1.8226
1,1236
1,2544
0. 2216
000970
1.1664

1.0309
1.0316
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X
0, 76
1,11
1.12
0,73
l.14
0. 99
0. 77
0. 86
0,94
1.03
0.25
0,93
0.89
0,96
1,29

22
O, 5C
0,87
0,71
D¢ 32
0,66
0,75
1.01
0,73
0,62
0,63
0.87
0,34
0. 59
0.68
0,49
1.36
1.13
1,25
0.66.
0.87
1,37
1,51
1,87
0,62
1.05
0,77
l.18
0081
0. 59

xz
Oe 5776

1l.2321
1, 2644
Ce 6064
1.2906
Ce 2001
06 5929
0, 9216
D¢ 3830
1.1664
0. 6025
Oe 0G40
0,7921
D4 8074
1. 0129
1,094
Ce 245
0,7E6E
C,bnN4l
00,1034
0. K776
1,020
Ce 5320
O D84
06 32369
De 7569
0e 1156
Ne BAL
2. 2551
06 2401
1.8496
11,2769
1, 8225
0e 4356
06 '7DGH
1,8769
262801
1.,8769
‘5844
1,10256
0 5929

14 5924

0. 6561
04 2481

147

0. 06324111 /kc o

[2)

0. 6241
0. 5409
O, 8649
0. 6561
1.0000
1.1449
1.2100
0, 2801
1.2996
3, 0164
1. %689
241609
1.6641
1.768
0. 58EG
1.,0201
0. 2304
0, B649
0, 2041
0, 5776
0‘4761
0. 3026
0.6561
11,2769
0.3025
1,0816
0, 56329
0.73C6
0, 35249
le. 3456
0. 9604
1,7424
1.6641
1,29C6
144884
2, 1609
0, 88325
0,1024
1.6900
0.60384

.1, 0000

1.0201
1,2100
0.9409
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X
0,73
- 0669
O. 44
0.72
0,56
0,64
0.75
0.69
0¢69
0653
0,76
0,61
Q4 7E
0. 534
C. 59
0. 69
Q4 B7
e 2
0,42
0. 46
0.49
0,31
0,74
0¢77
0..78
0,00
0, 5O
0.46
0.33
0.42
0, 42
0. 73
0. 653
1,15
0,99
O. 05
0, E1
O 72
%qu
06 27
0. 86
0e 34
0, 9E
D¢ 45

x2

00,5329
0. 4761
0.1936
0.5184
Qe 3136
Oe 4096
0, 5625
0, 47061
Q. 4761
0. 322090
Q. 5776
Qe DT21
0., CH2H
0., 4096
0.4761
0. £761
0., 3249
De 2704

e 2304
0,2116
0, 2401
Ce 0961
06 5476
Q-EQZQ
8: 6384
0, 2500
0,2116
0.1039
0,1764
06 2304
Q¢ £32€E
0. 2809
1,3225
0,201
0, 0025
0. 2601
0.5134
1,29024
01936
0,0726

0. 7396
Ge 1156
0. 9026
0, 2025
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0.02 ml/kg.

0. B2
0u 64
0.72
0.78
0.70
0,69
0. 68

Oed7

O. 58
0.67

0,76

0,51
Q.77
0.48
0,907
0,40
0,90
0 31
QO 39
0. 64
041
0.26
04 33
0,07
0. ’}:O
0. 68
1,13
O¢ 51
0,38
0,74
O¢ 44
0,73
0483
0.79
0.78
0. 40
0. 538
0. 54
De42
0,78
0.68
0,80
0.69
Ce 56
0.59

x2~

0.6724
0. 4096
Q. 5184
0, 6084

8: 2789

0. 3564
0. 2209
0, 3364
0, 4489
0, 6776
0, 2601
0. 5929
0. 2504
0,51 09
0.1600
0. 8100
0.0961
0,1621
0, 4096
0.1681
0. 0676
01089
0, 3249
041600
0, 4624
1,2769
0.0961
0. 1444
0. 5476
0. 1936
0, 5329
0. 8649
046241
e 6084
0.1600
Ou 1444

0.2916
0.1764
0. 6084
0. 4624
0. 6400

0.4761

G, 3136
0, 3481
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continued, |
g§221125:17 thercfore mean (X) = lg%élz = 1,380
2{x2) = 179.,7291 and L__L - 1715152
therefore variance, 6% o Zixz) - =
n-1
178.729185 1715152 _ (. ogas

and hence stondard deviation, ¢ = 9059
end coefficient of variation, V =(==2-2L) = 2,

0. 11251"’!1/1’\.%. 15
>x = 112,07 thercfore nmcan = 136692 = 1,250

S(x2) = 145.5769 and .L.Z.)..‘:. 152, 5621

therefore voriance, 6% = 2148.87€9 -9139-5591 = 0,0577
8

and hence standard deviation, ¢ = 0,25°

and coefficient of variation, V= 21

0.06224m1 /1 e I

Sx = 8b,%0 thoveiore nem = S2829 = 0,959

>(x%) = 97,8823 ona EXE - 50,7507
n

therefore variance, 6% = 87 8229 59n0.7507 = 00,0801
and hence standard deviation, o = 0,28°
and coefficient of variation, V = 30,

0.02ml/k g,

>X = 54,56 therefors nean = §£a§§ = 0,61°

. 2
Z(XB) = 07,2720 and O(-z;%l- = 33,0755
therefore variancce, 6% = S02790 g955'0755 = 0,0472

and hence standard dcviation, o = 0,22°
and cocsfficient of variafion, V = 36,




150

A check on thz normality of distribution of the
tenperature regponses, using the Y~ test,

AN
0.2ml/ke,
Range of 0 E ‘
esponse  observed expeeted 0 = F (Q—§¥§)2
of groups froguency frequcncv E
0, 00-1, 00 g 3 0 0
4 l. 01-’1. ...‘O 15 16 1 0. 1
1,21~1,40 24 23 1 0
1, 61-1.8C 11 14 5] 0.6
1l, 81-2, 50 4 : - 7 5] 1.3

0-L) %
Xz =4Z(—_-) = 306: L = 5; henCC P = 005"'037

Conclusions: These results arce normally distributed
061125M1/% e

“—

Range or o E (0 - E)g
reaponse Cwserved expected O = B e
of groups freaouency fresouency L
0o 00=0, 90 i 8 I Ve I
04 91-1,10 s 17 ] Ce E
1.11-1, 50 27 27 0 0
1y 31=14 5C 23 23 0 0

- 1.71=2.20 £ 4 1 Os S

XF = g;ﬂ) = 1e73 N = 53 hence p = 0eB=0,9

Coneclucion: These results are normally distributed
0, 06:24m1 /5,

Range of 0 ‘ B (© - E)EP

response odserved expected O - I i}

of prours fresuency frequency
5) b

=

06 00=0, €0 o 0

0, 71-0, ©0 20 22 2 Ca 2

0,91-1,10 25 25 0 0

lel11l-1,2 15 17 2 0.2

1e31-14 61 12 8 4 2.0
2

= 2405 N = 53 hence P = 0,7 = 0,8 v
Conclusion: These results are normally distributed
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continued,
0. 0211 /ki.,
ﬁgl"{l? ot ) L (0 A 2
recponse oObserved expected O = T = =Y
cf groupg frecuency frecuency : -
Co C0=0, &5 o 11 2 0.4
Oe 66m0, £D 31 21 10 Le8
O¢ 81=0, 95 5 12 -7 491
O, OG=1,18 5 5 0 0

XQ = 11,%; n = 5; hence p = 0,02 = 0,05

Oonclualont Those recults chow a slight deviation
from normality, but arc not so far removed from it
as to nrecluic tha use of the usual statistical
procedures
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Analysis of variance of the temperature response

Incomplete three factor analysis : two factors with
replication.

source of sums of degrees of mean components of
variance squares “freedom squares variance
betifeen 2 -4» ni - 1m 0.2352
rabbits 6,8218 29
between 3—4e ng 1« 10.6253
doses 31,8758 3
rabbit x dose 0.0630 “3®i* +0b”
interaction 5,4829
residual 5—1e 0.0520
12,4712
total 6—4m
56,6517
~ 359 .

n® « no, of rabbits * 30

Ug m no, of dose-levels « 4
of replications = I

variance due to difference between rabbits
variance due to difference between dose-levels
variance of rabbit x dose interaction
residual error

The sums of squares for the rabbit x dose interaction is
obtained by subtracting the total sums of squares fbr the

the other three components from the total sum of squares,

1 the total of the three responses for each rabbit for each
dose-level is squared and the squares for the 4 dose-levals
summed# and this sum divided by 3 (since there are 3

responses per dose—level epr rabbit) » 436,9961
2 the 12 responses for each rabbit (3 at each of 4 dose-levels)

are summed# the sums are squared# the squares are summed# and

this total is divided by 12 (the number of individuals per
total being squared), » 399,6374
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continued,

3 similarly with the 90 responses for each dose-level
’ = 424, 6914
4 the grand total for the 360 responses is found,squared
and divided by the grand total of individuals (360)

= 392,81566
5 every individual squared and the squares summed

= 449,4673
Existence of interaction:

P = 00630
0. 0520

given by the tables for the variance ratio at the five

= 1,21 which is not greater than the value

per cent level (ny = B7;ng = 240) hence there is no
rabbit-dose interactiones hence the betwcen rabbit and
between dose variances can be assessed against the residual
which gives greater pr.cision since there are more

degrees of freedom assoclated with the residual than

with the interaction.

Between rabbit variance:

0,2352 =
F=o0520

level (n1=29;n2=240) hence between rabbit variance

52 which 1s greater than the five per cent

exists significantly

Between dose variance:

F= lg*%%g% = 204,33 hence between dose variance exlists
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continued,

Significance of difference of the means for the 4 dose-levels:
Using the error variance (residual) we can test the

significance of difference thus:

variance of a mean of 90 observations = 9&8339 ’

variance of the difference between two means 1s twice this

hence 8.D. =,/(0.0520 x &) = 0.084

and the

hence to be significantly different at the

5 per cent level a difference of 1,97 x 0,034= 0,07is required
1 percent 1level " " " 2.60 x 0,034= 0,09 " "
0.1 percent level " M 2437 X 0,034= 0,12 " "

and from the following table
dose means difference

O, 2ml/kg. 1.38 0.15
. 0ell25 M 1,25 o &
0. 06324" 0,95 o 50

0,02 " 0,61 __—— 0,34
it will be seen that the means for the 4 dose-levels

differ significantly (p = <0.001)
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Calculation of the coprelation coefficient for the

temperature responce and log (100 x dose)

2(x=%) (y-7)
C ef = 2
orrelaticn coefficlient r NKZIX'X) (y-7) )

where x = temperature rvsponse, and y = 1log(100 x dose)

F(x-%)° = 3(x°) - (f-“) = 56,6517

2
Z(y-v)z = Z(yz) - %—l’) = 49,21875

Z(x-X) (v-7) = Z(xy) -5 = 30,52586

Thercfore r = nggégigﬁg ) C 0, 744733 =358} p={ 0, 001
L] [ ]

Thercforec the correlation coefficient is significantly greater
than zero,

Computation of the above fipgures;

Z(xz) 178, 7291 (55)2 124,17
15 aree n 112,07  (376,05)2
L] e 85. 25
37, 2790 54, 56 ag0 T 0928106
749, 4675 376,05

449,4673 ~ 392,B156 = 56,6517

Z(yz) = 90(1, 69260000+1, 1046010040, 6416010040, 09060100)
= 317.64636000

Zy = 90(1. 5010+1 0510+0.8010+0. 3010) = 310,8600

hence (él) (Q%e%@ﬂ) = 26842761

and 317,64636 ) 268,42761 = 49,21875

T(xy) - =T - 564,04456 - 2609 LI10.86 . 59, 5o536
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The equation for the regression line - temperature response
and log{l00 x dose)

The regression of ¥y upon x is given by
Y=7 + b(x=x)

vwhere Y is the predicted value of the temperature response
for a given value for log(l00 x dose)

% = mean of all the temperature responses (i.e.360) = 1,045
¥ = mean of all the cooresponding values for log(l00 x dose)
e X<
b o 2EZD =T S(xy) - =2 _ 39.32536 0. 79899
2 (X=X o pe4 . = Us (Y0J3

(see calculation of thc corrclation coefficient
for the computation of these figures)

hence Y = 1,045 + 0,79899(x~-048635)
thereforeY =0,79899x + 0,355

1og(100 x dose)

1, 3010 Y = 1,045+0,79899(1, 3020-0, 8635)
= 1.59

1,0510 Y = 1.045+0,79899(1, 0510-0, 8635)
= 1,19

0, 8010 Y = 1,045+0,79899(0, 8010-0, 8635)
= 1.00

0. 3010 Y = 1,045+0,79899 (0, 3010-0, 8635)
= 0,60

?sing %?ese values for Y the regression line has been drawn
fipg, 9
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The residunl varisnce about the regression line, 652

from this we calculate the standard deviation of the scatter

about thc regression line which is glven by

61' =’\/ (1 - I‘%A//Z(Eglg

2 /56,6517

= 0. 27

hence

0,27

2]
ratio B=  Tohen = 0.26
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Analysis of variance to test linearity of relationship

between temmerature response and log(100 x dose)

We caleculate:

1l Sum of squares of the tempcrature responses = 449,4673

2 Sun of temperature responses for each dose~level, square
these sums =nd add thesce squares and divide by 90 (90
responsgs per dose-level) = 424,6914

3 Grand total for the 360 tenpcrature responses, square
this total and divide by B60 = 92,8156

and enter in table as below:

source of sums Oof | degrees of Teon
variance squares freedon squares
between doses 51.?758) 3 10,6265
2«3

within doses (24,7759 356 0. 0596

\ (1-2)
total DO, 65617 359

(1-3)

IT con be seen by inspection that the between dose mean
square is sipnificant, ond the betwecn dose sum of sqguares
is now divided into that due to tho linecar regression and
that duc to departure from it, by calculation of the

sum of squares attributable to the regression line which 1s

given by ( ) )2 \ o
>(y-F) (X=X - 59+ 32538" ”
'Li%xi-'ﬂzl = 10,51675 © OLe4R068

x = log(100 x dose)
y = correcaponding tempcrature rusponee

and which is nov subtracted from the between dose sum of
squares: 31,8753 « 31,42063 = 0,4LE51Y.

These values abe entered up in the following table:
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continued,
sums of | degrzes of
source of varlance sguares freedon mean_squares
between docses:
regression 31, 42063 1l 31, 42C63
deviation from
regression 0.45517 P/ 0. 22759

within doses 24,7759 356 0. 0696
(residual)
Total 56,6517 359

The general significance of the regression line can be
tested by comparing the regression mean squarce with the
residual, thus F = k242093 .59 4453 yhich 1s very

060596
highly significanty and the significance of the deviation
from linearity by comparing tiie deviation mean square with
the residual, thus F = 0. 22759 m 342699,

Oe 0596

The five per cent value for F (ny= 2jno=356) = 2,99

hence there is a very slight departure from linearity.
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Tims reguired to reach maximum temperature after the
- injection of variousg dose=levels of pyrogeniron P.vulcarig.

0. 2ml/kge

X x° X xz X xg
11C 12100 180 32400 ' 90 8100
130 16900 160 25600 90 8100
100 10000 140 19600 200 40000
100 10000 160 25600 110 12100
1CO 10000 120 14400 80 6400
110 12100 130 16900 190 56100
110 12100 120 14400 | 130 16900
S0 8100 90 8100 100 10000

80 6400 90 8100 ) 110 12100

70 4900 100 10000 100 10000
110 12100 140 18600 13 16900
160 25600 150 22500 140 19600

o0 8100 130 169200 120 14400
130 16900 70 4200 140 19600
110 12100 100 10000 13 14400

20 8100 120 14400 150 22500

60 3600 160 25620 150 22500

60 3600 180 39400 80 6400
110 12100 110 12100 150 22E00

90 8100 180 52400 110 12100
110 12100 100 10000 140 19600
110 12100 70 4900 -150 22500 .
120 14400 ° 90 8100 120 14400
120 14400 120 14400 150 22500
110 12100 90 8100 150 22500
100 10000 180 32400 180 324C0

60 3600 160 25600 70 49C0

60 3600 150 22500 130 16900

80 ,6400 150 22500 - 120 14400

80 6400 140 19600 130 16900
’x = 10670 therefore mean CE) x lgSZQ = 119 minutes

_(_zn_;:_)_ = 1264987.8 and Z(xg) - 1349700

(x) .(.-2.’._)-

n-1
and standard deviation,o = 31

hence variance, 62 = = 951,8




continued,

0s 112511 /K50

X
130
120
130
110
110

140
120
130
120
140

120
120
90
g0
90

190
210
210

80
200

160
&0
120
140
80

120
110
110
120

€0

Z&:z 10990 therefore mean =

Je23)

n

2
X
16900
14400
16900
12100
12100

19600
169060
16900
16900
196C0

14400
14400
8100
6400
8100

36100
44160
44100

6400
40000

25600
5400
14400
19600
6400

14400
12100
12100
14400

8100

2

X
120
110
140
110
150

80
70
190
90
60

120
100

100 -

130
120

140
150
120
120
160

170
160
140
110
110

110

co
110
120
120

161

x2
144060

12100

19600
12100
2600

6400

4500
36100

8100
3600

14400
1000
100G0
16900
14400

19600
16200
14400
14400
25600

28500

25600 -

19600
12100
12100

12100

8100
12100
14400
14400

10890
g0

X

o0

€0
190
100

20 |

90
200
70
90
&0

170
120
90
o)
100

110
S0
90

150
70

200
100
100
200
170

116 -

100
140
120
150

x2
8100
8100
36100
10000
8100

8100
40000
4900
8100
6400

28900
36100
3100
6400
10000

12 00
8100
8100

16900
4900

40000
10000
10C00
40000
28200

12 100
10C00
19600
14400
22600

e 122 ninutes

= 1222001,1 =nd J(x°) = 1458700

8

hence varionee, ¢ = 1311.2

~0é. standard deviation ¢ = 36



continued,

0 06324111 /1,
X x2
80 6400

110 12100
120 14400
70 £900
70 4900
110 12100
120 14700
80 6400
120 14400
180 16900
S0 8160
120 14400
70 4900
100 10000
10C 10000
o0 8100
90 8100
100 10000
100 16000
80 6400
110 12100
100 10CC0O
70 4900
120 14400
70 4200
90 £100
100 10000
20 2100
130 16200
110 12100

2x = 9960 therefore mean =

£x)%
n = 1102240, 0

X
110
140
100
100
100

110
160
80
80
130

150
80
a0

110

130
90
90
30
S0

100

170

120
170

£0
160

110
180
70
£0
90

1623

2

X
12100
19600
10000
10C00
10000

12100
25600
6400
6400
16200

22500

G100
- 6400
12100
16900

8100
8100
8100
8100
10000
\
268900
14400
28900
6400
20600

12100
52400
4900
624.00
8100

hence variance ¢° = 75444

and standard deviation o= 27

0960
90

X

80
140
100
110
100

100
130
100
120
120

140

10
80

170

150

160
130
160
150
120

120
110
130
120
110

110
110
120
100
100

and 3(z”) = 1167600

x°

6400
19600
10000
12100
10000

10000
16200
10000
14400
14400

12600
28900

6400
28900

22EC0

25600
16900
256600
22800

14400

14400
12 00
16900
14400
12100

12100
12100
14400
10000
10000

= 111 minutes
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continued,

0, 02111 /k 1,

130 16900 N z2 x o x7
S €0 8100 80 6400

150 16200 70 4900 €0 6400
70 4200 70 4900 14 19600
120 14400 . 79 4900 120 14400
140 19600 150 29300 70 4900
20 8100 100 10000 120 14400
130 16900 80 6400 120 14400
130 16200 80 6400 140 19600
00 £100 130 16900 12 14400
80 6400 60 2€00 110 12100
150 22500 180 32400 130 16900
00 8100 30 6400 100 10000
160 25600 100 10000 130 16900
50 2500 160 25600 110 13100
130 16500 150 22500 120 14400
120 14400 80 6400 0 0
120 14400 00.  $1G60 120 14400
70 4800 160 25600 150 22500
130 16900 190 36100 160 22500
90 8100 150 22500 150 16500
80 6400 140 19600 100 10000
e0 6400 160 25600 80 6400
80 6400 100 10000 90 2100
70 4900 140 19600 70 . 4900
80 6400 100 10000 110 12100
90 8100 150 22500 130 16500
0 6400 140 19600 90 8100
130 16900 140 19600 70 4900
a0 6400 110 12100 140 19600
110 12100 160 25600 120 14400

Zx = 9920 therefore mean = 2§§9 = 111 minutes

n = 89 here because there 1s one zero result vhich chould
strictly be recordced as infinite time to raech maxzirmum
temperature, haonce it is not included in the calculatim

2 ’ 0
5%51 = 1105689,9 and 3S(x°) = 1190800
hence varliance ,02 = 967,2 and standard deviation.o’c 31
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To test the significance of thes difference between the
mesn times taken to reqch riaximum temperatures for
different doese-levels of pyrogcn from P, Vulooris,

t = X-X' /nxn'
o n + n'
[}

'6'=vé§x2) - (§5)6+ $(x'%) - GEE%)Q /(n +n' - 2)

n
0.2 ml/kg ¢ ¥ = 119 riinutes; n=n' = 90
0.,11256 ¢ : T'= 122 nminutes
8AT12 + 116699 ,\/n x n? Te T o O
0’:,\/ 178 N =6, 7; X x' = 3

thereforec t = 0,315; p = 0,3 = 0,4} therefore the mean
times do not differ significantly

0.1195 l”ll/k{:. X = l9 min’.Ltvu, n-= 1‘1‘ a SO
0,06324 " ¢ X'= 111 minutes

o = 116699485260 /Q__X__I_l_ = 6,73 X = X' = 11
. 178 p + n'

therefore t = 2.310; p = 0,05 ~ 0,02; thereforc the mean times
differ significantly

0,06324ml/kgt X = 111 minuics therefore X-X"=0

0,02 : X' = 1lllminutes




leucocyte responses (dcgre : :
20 rabhity to 4 dose-levela of pyregoen fron Protsus

valrcario,

NOo Co 2rml/kge 0.,1135mY /KL
, T746 52e1 20,6] 2641 2148 3740

1

& ‘}1' 1 3‘.%. 5 25; 9 33. 0 334 9] 5:.’7' Y
7 35.3 43¢ 9 27¢5 11,2 2643 39.23
9 43,6 36eD 20001 2247 LTed 2Ce ¥

077 2066 40,9  LTel 28,0 526 F
102 | 2867 200l 4360 175 376 GG C
103 | G067 2069 270 Deb 335 6eC

{104 | 873 2000 30el] 232 35eB 35,7

105 | COe6 M7 20603 2200 01 o225, 3

b
o
ar

8 0leS D0Ze8 350! 1Tl TTel 31a6
14 | 4064 3446 31ed| 10eO 2843 D449
205 | 37e5 T6eD £005| 9505 53eB DTE
169 | 4262 B5¢3 2642| Blel 3363 3445
110 | STel 2Te 0 38e6] Ela ) Cled TEGE

2 £7 S A 1 ‘;Cc 5 3’70 G 510 0 ::!T)O
4‘ 28. B :3*6. 1 5‘3. G 55. 9 4‘0. 1 g’
11 D104 BB £44,3| 0eD Blel ©
13 | 2540 40,7 32,0| 37.5 37,9 ©
15 ST CEe© 3:.6 27 4 5101 o

110 56.5 57.3 ‘r‘l"‘f.rj fQ‘B.?I 35.5 Afi?
310 |44e3 4443 4440 44,0 T80 U5,
400 T80 30,7 1De Ol Ble D DTeH 44
402 {4045 4345 40,3 :35.5-3 506l 58

107 50.1 :’)E. ‘16'2 S'?B. 5 27.9 ‘f&fﬂ_:.

12 38. 9 :’)2. 1 ‘;‘9. ﬂ 27. ‘d‘ 35. 0 2‘1. 9
156 3247 37e© 24eB| 201 21,6 19,2
17 |42.9 372 17,6]21e8 30,1 17,6
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continued,
Rabbit
No. O, 06524“11 'KEe 0. 02m1/kg.
1 2le4 23,2 2644 [16.1 4,4 8,1
b 33¢0 25,6 2649 [22,2 13,7 7.0
6 31e3 3led 310 | 969 945 B,7
o 945 2846 2848 (22.1 10,9 7.4
! 9 290 7 1804 1500 16.8 6.4 1805
{101 | 2547 12,6 15,0 |12,1 10,1 10,8
1 102 | 30,0 37.7 4e4 25.7 1649 9.8
103 | 30.3 3543 23.4 27,8 15,7 9,1
I 104 | 25,7 32,6 2243 |30.4 22,2 11,1
! 105 | 50,1 3840 15,3 {196 1441 9,1
. 8 18,7 324 3245 (2444 3Te4 178
14 | 2848 28.8 30.8 38,1 2347 12,3,
- 108 | 303 34,0 37e5 2243 21e4 2E.1
i 109 | 29,4 22,0 3645 943 18492 10,7
L 112 | 2547 40e8 34e4 35,0 23,7 15.6}
| T |
. 2 | 1641 3242 3541 15,0 17,7 15.0
4 2647 19,1 29,3 14,1 28,1 10,4
|11 314672045 °29,2 718,7 25,9 18,6
L 13 24,2 2449 35,01(14,9 28,7 4,7
16 | 277 22,7 2Te1l: 641 21e5 2,6
110 | 10,1 2845 2243 329 2367 2942
319 | 30,8 O 19,7 30,0 2640 23,2
400 | 28,2 32,5 1645 10,2 24,7 14,9
402 | 25,6 O 2346|1445 1169 18,7
107 | 1241 17,1 2649(15,1 19,6 30,2
) 17.1 3247 1845[24,3 848 13,5
10 1540 283 1e1[21.8 1665 13,0
12 16,9 31.2 30,0/16.6 20,0 6,2
15 2446 2044 20,4 442 1349 14,0
| 17 | 2841 3343 22¢5]0 11,5 846
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Calculations of the mesns, variances, standard deviations,
and coefficlents of varIation of the 1eucoc;§e regponses (x)
({degree of shift to the 1eft) to the 4 doec-levels Of
pyrogsn from Protcus vulgqus.

2 0,2mi/Xkg, 22
X X x R
376 1413, 76 2745 756425
26 7 1346, 89 - 2842 795.24
41,1 1689,21 . 21,4 457,96
3642 1310, 44 25,0 625,00
42,1 1772,41 42,1 1772,41
47,0 2209, 00 36s1 1303.21
34,5 1190,25 35«6 1260, 25
43,9 1927,21 40,7 1656,49
36e 3 1317, 69 2865 1513,.21
29, 6 8764 16 _ 40,8 1664,64
25,9 670,81 44,3 1962.49
275 7564 25 3840 1444,00
28,9 B83C,21 B3¢ 6 1128,96
37,7 1421,29 5645 2192,5
28,7 B23,4 69 44,5 1562, 49
30,7 942,49 3Ge 9 1361,61
378 1391, 29 40,5 1640, 25
20,6 424,36 20 1 906,01
20,6 4244 36 : 3Te O 1391.29
23.1 533461 44,53 1962449
29,9 894, 01 39, 9 15692,01
25,0 625,00 43,3 1892, 25
40,9 1672,8) 44,5 1980.25
43,0 1849,00 . 44,3 2007,04
28,0 784,00 43,9 1927.,21
36,1  1303,21 4043 1624, 09
2643 691,69 4642 215?.44
31. 9 1017,61 ' 43,9 1927.21
40,4 163216 30,0 152}.00
37,5 1406425 3849 1513,21
42,2 1780, 84 42,9 1840,41
3762 1283, 64 28,7 1497, 69
3248 1075, 84 41,6 1730, 66
34,6 1197.16 43,0 1849, 00
36,8 1354, 24 39,1 1030, 41
35,5 1246,09 37.6 1413, 76
27.0 729, C0 372 158?.84
3363 1108,89 2,0 gsﬁ.oo
31,4 985, 96 24,3 590449
32. 5 1056, 25 49,8 2489.04
26, 2 686, 44 24,8 615,04

38,6 1489, 96 17.6 309476



continued,

x
26,41
1644
20,0
22,7
21.8
23,9
22,0
266 3
27,1
375
39,7
336 8
29,2
28,9

- 1741
17' 5

9.6
23,2
22,3
28,0
374 6
05e 8
5543
51,2
32,8
5640
56,6 0
507
35 3
19,2
13.9
26,5
5le1
31,9
72
233
3348
334 5
31e3
31e6
34,9
3548
34,45
354 6

2

X
681,21
268, 95
400, 00
125,44
515,29
4754 24
671,21
484,00
691,69
1406, 25
1576,09

11142, 44

852464
835,21
292,41
O0Ge 25
92,16
038, 24
497,29
784,00
1413, 76
1142,44
1246409
973, 14
1075,84
1296, 00
1296, 00
1274, 49
1246, 09
503, 64
103,21
6504 25
967,21
1017.61
739, 84
800, 89
1i42,44
1108,89
979, 69
©68, &6
1218,01
1142,44
1190, 25

1260, 25
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0.1125ml/kg,.

370
3549
38,5
375
7.4
31,8
40,1
3346
37e 9
31l.1
3244
59,8
334 O
S4e 5
29,5
4248
4“:. 0
O0le 2
3366
28e 2
35 B
3840
2608
3041
279
42,6
386 8

44,7

384 6
4249
24. 1
12,2
27,4

2e1
21.8
30.1
25.0
33,0
3146
36, 1
17,3
25,1
24,9
18,2
17,6

%2
1369, 00
1288, 81
1482, 25
1406, 25

750, 76
1011, 24
1608, 01
11284 96
1436441

067, 21
1049, 76
1584, 04
1108, 89
1176, 49

870,25
1831, 84
1926, 00

o73, 44
1128, 96

795, 24
1246, 09
1444, 00
1354, 24

906, 01

7784 41
1814, 76
1505, 44
1998, 09
1489196
1840, 41

580, 81

148,84

7504 76

4,41

475,24

506, 01

625,00
1089, 00

9¢8, 56
1303, 21

200, 29

630, 01
620,01

331, 24

309,76



centinued,

X
2l.4
31e 3

Qe b
20,7
232
2546
3le 4
23.6
18.4
26,4
264 9
1.9
2848
15,0
2547
300
304 3
20,7
30,1 .
12,6
377
3De B
3246
38,0
15,0
4e 4
2344
2243
15,3
13,7
2848
30¢ &
20¢4
32.4
28.8
34,0
22,0
40,3
265
30,8
BT+ 5
36¢ 5
4.4

x2
457,96
1089, 00
979,69
90, 25
882, 09
530, 24
6554 36
985496
556496
338, 56
696. 96
723,61
961.00
859,44
225, 00
660, 49
200. 00
918,09
660e49
006, 01
158,76
1421, 29
1246, 09
1062, 76
1444, 00
225, 00
19,736
547, 56
497, 29
234, 09
349, 60
829, 44
918,09
864, 36
660, 49
1049, 76
829, 44
1156400
484, 00
1664, 64
10564 25
943, 64
1408, 25
1332, 25
1183, 36

169

0. 063 24}"’11/]{;{.

16.1
2647
3l.6
2442
277
3%

19,1
20.0
24,9
22,7
35.1
2043
29,2
350

27.1

19,1
3048
2862
266 D
12.1
284 5

32645

17,1

D2e 3
19,7
16,6
23.6
26,9
17.1
1540
16,9
2446
2841
327
28, 3
31,2
20,4
33 D
1845
ls1

3040
20, 4
22 5

x2
250,21
712,89
098, 56
685, 64
767,29

1036.,84

364,81
420,25
620,01
516,29

1232, 01

B58,4 49
852, 64

1225, 00

73444
364, 81
048,64
795,24
650, 25
146,41
812,256

0
1056425
0

202,41
497, 29
588,09
272,20
5564 96
723,061
262,41
2250 00
2654 01
60He 16
789,61
1069, 29
500,89
973, 44
BB4, 306

1108,.,89
BALe 28
1.21
800, 00
416,16

497429



continued,

*

A

WO ES D O N T

* o

¢ & @

=23

-

lr

Gl O

10,9
6. 4
Cel
7.0
847
Vot

12,56

12,1

2067

278

304 4

12,6

10.1

16,9

15,7

2242

1‘.1_-. :'

10,8
Ce.0

9,1

11,1
g. 1

24,4

22,1

22.3
9,3

3540

. OTe &

2347

- 21. 4

18,9

23,7

17.8

12,3

25,1

10,7

15.6

X2

209421
402, 84
034 0D
483,41
194 36
187,69
C0,2b
118,81
40095
65. 61
49, 00
75,69
54,76
3424 25
146441
660,49
T72, 84
624,16
384416
102,01
2ehe 61
246449
482, 84
193,81
116,64
96,04
82, 81
123,21
82,81
595, 36
1451.61
497,29
86649
1225, 00
1398, 76
561, 69
457, 96
35721
661,69
516, 84
163,29
630,01
114,49
2434 36

170

O, 02ml/kg‘

15,0
14,1
18,7
14,9

_'1
17,7
28.1

2549

28,7
2le5
15,0
10,4
15,9
4,7
2.6
3249
0.0
10,2
14,5
15,1
0. 7
25,0
24.7
11,9
19, 3
29 2

- 2342

14,9
137
30,2
2449
21.8
1646

4,2
8.8
16. 5
20,0
13.9

- 11. 8

1343
13,0
B¢ 2
14,0
8,6

%2
225,00
198,81
349469
222,01

37621
3134 22
533, 61
670,81
823, 69
462, 25
225,00
108,16
262,81

22,09

6076 ’

1082, 41

00, 00
104, 04
210, 25
228, 01
561, 69
626, 00
610,09
141,61
380, 25
852, 64
538, 24
222, 01
349, 69
912, 04
620, 02,
475,24
275, 56
0
17,64
770 44

272,25

400, 00
193,21
132. 26
176,89
169,00
384 44
196, 00
T5. 96
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continued,

0. 2m1/kz, 3202, B

Zx = 3202,8 therefore mean (X) = =55 = B85.6

—\ 2
sz) = 118932,08 and %x_) = 113976, 98
therefore variance, 02 = 118932, 08 89113976'98 » 55,68

and hence standard deviation, 0= 7,5
and coefficient of variation, V = 21

(see page 149 for formulae used in calculating these

statistics)
' 0.1126m1/kg. "
5x = 2685.9  therefore mean (%) = 2882:2 4 29,8
2 (=)
>(x°) = 86366.13 and = = 80156, 21
therefore variance, 6% = B6366.15 5980155‘21 = 69,77

end hence standard deviation, 0 = 8,4
and coefficient of variation, V = 28

0, 06324ml/kg,

ZXx = 2269,3 therefore mean (X) = 23—8——8—9-33 = 20,2

2
Z(x2) = 68503,39 and EX)°_ sre10.14
n

and hence standard deviation, ¢ = 8,4
and coefficlent of variation, V = 33

therefore variance 62 =

0,02 ml/kg,

5 = 1513.2 therefore mean (X) = —omoeZ

90
2

5
s(x°) = 31316,52 and (-ﬁl‘-) = 26441,94

= 1648

) 89

and hence standard deviation, ¢ = 8,1
and coefficient of variation, V = 48

therefore variance, 6% =
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A check on the normality offi distribution of ths

leucocyte response (degree of shift to the left)
using the Y<test.
A

O.2ml/kg,

Range of 0 E ¥
response Observed expected O - E (0 - E)

of groups frequency frequency E
0 «2b64 5 10 9 1l 1.1
25,6=30, 5 14 14 0 0
30,6«35,5 15 22 7 2.2
55. 6-40. 5 26 21 5 1' 2
40, 6=45,5 21 : 15 6 2.4

xg = Z(.C’T;.I'E)zg 9.7;n = 6jhence p = 0,05 = 0,1

Conclusion: These r_eaults are normally distributed
0.1125ml/kg,

Range of . B _ )

response observed expccted O -~ E (Q_E_EE)

of groupg frequency frequency o
b 13 2

o =20, 1 Ol
20,6-25.,6 12 15 3 0.6
25. 6"50. 5 15 20 5 10 3
30, 6=354 b 28 23 5 1.1
35, 6-40,06 18 13 b 1,9
40,6=45,5 4 6 2 0.7

Xz = 5.7;n = H;hence p = 043-0,5

Conclusiont these results are normally distributedv

0,06324ml/ kg,

Range of 0 E (0 - E)®
response observed expected O - E

of gu 8 freguenc eguenc

15,6-20,6 13 %é 9 005
20,6=25,5 14 ' 21 7 20 5
3063545 20 14 6 2,6
35.6-41,6 5 - 5 28

Xz = 8,8jn = 5;hence p = 0,1 = 0.2

Conclusion: These results are normally distributed
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continued,

0,02ml/kg,
Range of o E . - 2
response observed expected O - E (Qﬁﬁéﬁ)
of groups freguency frequency -
0 « 65,6 b 2 0,6

56«10, 56 19 12 7 4,1

10,6=15.5 20 20 0 0
20,6-=25,5 17 16 1 0.1

xz = 6,0jn = 5;hence p = 0,3 = 0,5

Conclusionithese results are normally distributed.
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Analysis of variance of the leucocyte responge which
measures the degree of shift to the left.

Incoriplete three factor onalysis : two factors with
renlication,

BOUPCE oF [ 8unS O0r Tacareey o T onn -1-co onents of
variance squares | freecdom  |BQuares mﬁar1§n§e°
LA EE T=- 4= Ny - L=
rabbits 354856, 87 29 1204 20
between doses|3 = 4 = |np ~ 1 =
16982,84] “ 3 . 5660, 95 AS ON
rabbit x dose (nl..l)(nz-:)= PAGE 162
interaction| 5766.54 e7 66, 28 '
5« 1= nlng(na-l)a
residual 14071, 45 520 £8, 65
U = & m |Ileil Il =1 =
total 40306,70| * 2 8
359

2 ¢

nl,nz,n5,012,cé ,0153, and obg have the same meoning as the
same symbols on page s snd the sum of squares for the
rabbit x dose interactidn is calculated in the same manner
as shown on pagecl92,

286046, 67

263297, 29

276794, 26

259311, 42
300118,12

O CA 2D
AN

1, 2, 3, 4, 5, wcre calculated as for the temperature
response using the results obtained for this index of

activity.



176

centinued,
Existence of intecraction:

P = 8228 _ 3 13 vwhich 1s not greater than th

= 58,65 = - 8 grea an the

value glven by the tables for the variance ration at
the five per cent level (nl = 873 no= 240),.hence there
is no rabbitedosc interaction, hence the between rabbit
and between dose variances can be assessed agalnst the residual
which sives greater precicion since there are more
degrees of frecdon associated vith the remidual than
with the interaction,

Between rabbit varionce:
p o 120.80 _

584 0O .

five percent level (n; = 20jn, = 240} honce between

2¢05 which is greater theon the

rabbit variance existc siznificantly,
Between dose variance:

pn
F = 0638022 = 96,56 hence betvecen dose variance exists
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continued,

Significance of differcnec of the means for the 4 dose=level i
Using the error wvariance (residual) we can test the

significance of differcnee thus: | '

variance of a mean of 90 observations = égééé and the

arlance of the differencec betvecen two nieans 1s twilce this

hence to be significantly differcnt at the

5 percent lcvel a difference of 1.97 x 1,14=2,25 is required
1 pcreent level " " " 2460 X 1e14=2,96 " "
O.lpercent level" " " 35637 X 1414=3,85 " "

and from the following table

dose means difference
Oe 2m1/k g0 B3e 6~——x g
0.1125 " 09,8 ~== 9
0,06324"  25,0-—— 20
0,02 " 16,8 0e4

it will be seen that the means forthe 4 dose-levels

differ significantly (p = <0.00L)
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Calculation of the correclation coeff'icient for the

leucocyte response jdegree of shift to the left} and

1o£(100 x dose)

%) (57
J &%) “=(y-7)%)

vhere x = leucocyte response (dcgre:z of shift to the left)

Correlaticn coefficient r =

and ¥y = 1log(1l00 x dpse)

D
Z(x-%)° = 5(x2) - X = 20006.70
(-7 ax(y?) - &D . a9,21075
Z(x%) (y-F) = Z(xy) = zi—z-x =910. 8210

Therefore r u;\/ 4.9.3%3"7 22:1{040 ST © 0. 64673n=358 p= {0, 001

Thercfore the correlation coefficient is significantly greater

than zero
Computation of the above filgures: :
2

2 (x2) 118952,03 (£x)” 3208.8

86366413 n 2685049 ( )2

63503, 39 22694 3 06712

51516, 52 1513.2 360 = 209811.42

300118,12 96714 2

300118,12 « 259811.42 = 40306,70

= \2
'EXyz) end QEZ) are calculated on page 155,

<> a 5 : .
Z(xy) —Z;-"x = 9261,90220 - 9071-9520'310 8600

= 910.8210
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The equation for the regression line - leucocyte response
(degree of shift to the left) and 1oz (100 x dose)

AS in the case of the temperature responsc, the corponents
of the equation Y = 7 + b(x=X) are caleculated, Here,

Y is thc prcdicted value of the lcucocyte response (degree
of chift to the left) for a given value for log(1l00 x dose)

¥ = mean of all the leucocyte responses (360) = 26,9
¥ = mean of 2ll the corresponding values for loz(100 x dose)
= 00,8630

S(x-%) (7=F) S(zy) - ==L 910, 8210
= < = n U T RSEF A = 18, 50557
S (XX 5 =) 2 49, 21875 =
Z(x®) - =

(see calculation of tho correlation coefficient
for ths cormputation of these fipgures)

o

hence Y = 20,9 + 18,30557(x - 0.,8635)
therefore Y = 1£,50557x 4+ 10,9220

log(100 x done)

1, 3010 Y = 26,9+18, 50557 (1. 3010-0, 8635)
= 35.0

1, 0510 Y = 26,9+18, 50557 (1. 0510-0, 8635)

0, 2010 Y = 26, 9+18, 50557 (0, 3010~0,8635)
= 25.7

0. 3010 Y = 26, 9+1€, 50557 (0, 3010-0, 8635)
216.5

sing these values forY the regression line has been



17¢

The rcsidual varinnce chout the regression linc, d}z

from this we calculate the standard dzsviation of the

gscatter about thc regression line which is given by

o, = (1 - r?
= (1 - O.
= 8. 08
hence
e _ 1, 08 .
ratlo A = g ios 7 Q23
ratio B = ot = 0.50

2
C
.
(fo1 44
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Annlysis of variasnce to test linearity of relationship
betveen leucceyte respence (desree of shift to the left)
and 104(100 X 4056 )

In the manner shown on pagelifwecalculate as for the
emperatuare response the following values

1 30011512

2 276704420

3 259811.42

and entsr in ravle as belows

scarce of suniz of degrees o mean
v iance gaunres frecdom squares
bctwecn cdoses| 16U82, 84 3 5560, Vb
(2=13)
within doses | 23223, 86 366 €06 E2
(1-2)
total 403C0a 70 358
(1-3)

It can be seen by inepection that the betvecn dose mean
square 1= significant, and thc between doce sum of squares
is novw Gividésd into that due to tihe linear regression and
that due to departure from it, by calculstion of the

sum of squares attributabis to the regression line which
1s given by

= =\\2 : 2
(EX;?ngxzx)) . 23222107 o 16855, 26154
Z=x) "~ Ve w LU

X = 1g0(100 x Zoge)
v = corresponding responsc (dearce of shift ta the left)

and vhich is now subtracted from the betwecsn dose sum of
squares: 1GC32,84 = 10805420 = 127,58,

Thess values e entered up in the following table:
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continued,
sums of | degrees of | mean
gsource of variance: sguares freedonm squares
between doses:
regression 16855, 26 1. 16855, 26
deviation from 127,58 2 63679
regression , :
within dpses 23323, 86 3566 65,52
(residual)
total 40306, 70 359

The general significance of the regression line can be
tested by comparing the regression mean square with the

residual, thus

168655, 26
65, 62

which is very highly significant; and the significance:

F = = 257,25
of the deviation from linearity by comparing the deviation

mean square with the residual, thus

P 6379
65, 52

which is less than 1 and hence not significant, hence
the data can be represented by a straight line,
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Calculation of tho corrolatiq? cocfficicnt for tho
temmeralure response nnd the leucocyto response (docarge
of shift to the leit) S

Corrclation cocfficicnt v = gy ~ A2
b -/ (Z(x—x)gZ(M) )

vhere x = tenperature rcsponsge
md ¥y = leucocyte response (degrec of shift 1o the lert)

[ o —‘" 2
Z(x-%)" = Z(x%) - (%*)o = 5G4 6517
1 = 25" - E = 10506.70

Z-(x-'ic'S (y=7) = Z{xy) -éfi s 822,127

erefore r B22.157 0, 5441 3n=CC0;
™ % H6.TBIT % 10006.70) = —=tkin=tttip=(0.00l

Therefore the corrslation cocfficlecat ig cipnificantly greatecr
than zZoro

] .
S(x-%)° ena ZAy-T)° are calculated cn pssCe 165 and 177.

pa b2 & g
S(xy) = ==L = 10024,501 - 7650 3209671-2

= 022,137
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Calculation of the partial correlation coefficient for
the temperature response and the leucocyte response
{degree of shift to the left)

The partial correlation cocfficlent measures the extent
of relationship between the two variables when other
factors (in this case dose) are kept constant,

let 1 represent the leucocyte response (degree of shift to
the left)
2 represent the temperature response

3 represent 1go(1l00 x dose)

then Ty g means the total correlation between the leuccoyte
responge and thc temperature response( = 0,5441)

r.,, means the total correlation between the leucocyte

13 pesponsc and loa(100 x dose) ( =0,6467)

r°5 means the total correlation between the temperature
“9 pesponse and log(l00 x dose) ( = O,7447)

The partial correlation coefficient

P12 =~ T12¥23
V (1-rf5) (1-r35)

0,5441 = 0,6467 x 0, 7447
" A/(1-0,6467%) (1-0, 7447°)
= 0.1228

P12,3 ©

Significance of thc partial correlation ceefficient:
This may be tested by calculating t,

T-5_ 0.1228 /357 $n=357 ; p=0s 02~
t r = = 2 358,1’:3 s P=Ve
= ;ﬁgg;%;“ J1 - -.12282 0.05

Therefore the partial correlation coefficient is
significantly greater than zero.
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Small lyuphocyte responses (small lvmphocyte percentage
fall) of 30 rabbits 10 4 d0se-16vels of pyrogen from
Proteus vulgnris,

10, 0,2ml/kge  [0.1125ml/kg
1 [66.4 59,2 21,9 53,6 50,4 53.4
5 {5249 52,9 49.9 29,0 82,7 6046
6

7

9

62,2 42,7 39.8| 3.5 60a7 5447
41. 8 54. 9 15. 0 0 gf’g 45. 2
5591 49.0 57-‘ 7 7.5 &1 4‘8.1

101 |3863 D0¢6 T5e6 4843 676 64,8
102 | 429 56,3 60,7 21,7 5546 gg, 8
1035 |5548 72,2 72,0 46,9 5449 60,9
104 [80e7 64,7 5648 5449 5343 6648
105 | 58s4 59,6 7547 5045 5846 80e 2!

8 20,90 57,1 64,0 25,5 6440 73,6 |
108 | 27,9 62,5 454 35,5 54e2 Tl

109 (€57 T4y 4 ETe0 49,0 82,3 5440
112 [ 45,6 57,8 5645 37¢6 D343 67'1,

4  38e0 53,2 327 513 55e5 13e7
11 52,3 52,5 6143 59,6 61le1l 57¢5
13 61,6 68.3 6344 76,8 6244 48,2
16 (60,9 65,5 23,1 26,6 38,0 80,9

110 | 64,8 72,8 65.8| 50,9 83,1 72.4
319 7641 T4,9 B7.3| 57,9 59«5 78,0
402 46,8 82,9 67,6 51,1 40,6 78,9

107 (49,5 63,8 BRe3| 74,8 6644 7543

3 T1S 43,0 32s4|49.3 63,2 40.1
10 160,35 75:2 69,4 B3e1 45,3 26.2
5440 72,5 33.1]28.8 42,4 0

16 41,6 59.4 20.7|20e4 42,7 25,0
17 150,1 57,2 19.3152.5 51,0 16.6
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continued,’

Rabbit T
_Nos |0,062324ml/kg | 0.0200/kp
1 34,5 52,9 59,4 (23,7 2ba .
5] 54de 2 40. 2 56. 8 31,8 3244 25,8

9 6007 . 56-9 89.5 17.5

56e 2 48,7 0e3

o |8B:8 Baig §§gl 29,7 90 173
101 | 75,6 4445 38,7 |42.2 12,1 18,4
102 | 23,0 2468 25,3 12,1 2748 1348
103 | 51le6 3745 97,7 122.6 O 34,9
104 | 47,0 6541 43,0 /5062 3Lle2 20,0

—

8 29,4 5943 67,0 0 C2e6 3766
14 26,7 2Bs7 52,4 28,3 21,3 0

108 75,3 64el 64,5 {62s5 49¢1 11,0
112 6347 61e6 5645 158e7 8943 3448 |

2 20,6 426 6947 44,0 3648 18,0
4 42,7 5066 6145 290 198 O |
11 18,6 5% 7 67,2 400 51,0 14,9
15 23,1 T1e8 61,6 00+0 2403 14,2
16 4006 70,1 g7.0 1a6 08¢ 483

110 | 47,3 46e3 19,6 32,6 258 T0e1
319 !75,6 0 58,53 0 40,2 5541

402 12143 25,75 Te6 | 1.0 221 45,0
107 14142 48,1 27,0 21,7 447 53e5
L3 4949 65¢1 1344 149,5 272 8545
10 34,0 63.2 109 1135,0 3644 35e4
15 12,7 68,6 262 |0 0 4342
17 10,0 58,8 27,8 125,6 229 13.2
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Calculation of the means, variances, standard deviatims,
and coefficients of variation of the small lymphocyte
percentage fall (x) for 4 dose-levels of pyrogen from
Proteus vulgaris.

0. 2ml .

X x2 x x2
66,4 44084 96 59,2 3004, 64
52,9 2798 41 38,8 1505, 44
62,2 3868, 84 526 B 2735, 29
41,8 1747, 24 61,6 3794, 56
5361 2819, 61 60,9 3708, 81
59,2 3504, 64 85¢ 3 7276, 09
52 © 2798, 41 53,2 2830, 24
42,7 1823, 29 5245 27564 2D
54,9 3014,01 68¢ 3 4664, 89
49,0 2401, 00 656 b 4290, 25
21.9 479, 61 778 6052, 84
49,9 2490, 01 3247 1069, 29
3948 1584, 04 61.3 3T57.69
13,0 169, 00 636 4 4019, 56
B7.7 332929 83,1 6905, 61
384 3 1466, 89 64,8 4199, 04
42,9 1840, 41 76.1 5791, 21
5548 3113, 64 61,6 3794, 56
B80e 7 6512, 44 46,8 2190, 24
50,6 25604 36 72.8 5299, 84
56e 3 3169, 69 74,9 5610,01
722 = 5212,84 6443 4134,49
6443 4134,49 82.0 687241
596 6 35524 16 63,8 4070, 44
754 6 5712, 36 65,8  4329,64

- 22,0 5184, 00 45,7 2088, 49
56, 8 3226, 24 o 6746 4569, 76
75e 7 5730, 49 72,3 . D227.29
29,9 894,01 719 £169,061
42,3 1789, 29 _ 60e 3 3636, 09
7.9 77841 54,0 2916,00
65,7 4316,49 | 41,6 1730, 56
45,6 2079, 36 5061 2510, 01
57,1 3260, 41 43,2 1866, 24
49,3 2430, 49 T3¢ 2 5358, 24
6245 3906, 25 72.5 5256425
74,4 5535, 36 59,4 3528, 36
64,0 4096, 00 5762 3271.84
40,6 1648, 36 32+ 4 1249,76
4344 1883, 56 69, 4 4816, 36
5760 3249, 00 23,1  1095,61

57,8 3340, 84 19,3 372449
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x .
5346
49,0

3¢8
0
Te D
50,4
326 7
60. 7
3346
24,1
53+ 4
60, 6
64. 7
45,2
48,1
48,3
21,7
46,9
54. 9
50,5
67,6
E5¢ 6
54,9
53¢ 3
58,6
64,8
6648
60,9
66,8 "
80. 2
26,5
44,1
3545
49,0
3T 6
64,0
5347
54,3
82.3
D3¢ 3
T3¢ 6
62,8
7led

" 54,0
67,1

%2
2872, 96
2401, 00

14,44
0

564 25

- 2b640.16

1069, 29
3684, 49
1128, 96

580, 81
2851, 56
2672, 36
4186, 09
2043, 04
2313, 61

2332, 89

470, 89
2199, 61
3014, 01
2550, 25
4569, 76
3091, 36
3014, 03
2840, 89
3433, 96
4199, 04
4462, 24
3708, 81
4462, 24
6432, 04
650, 25
1944, 81
1260, 25
2401, 00
1413, 76
4096, 00
2883, 69
2037 ,64
67734 29
2840, 89
5416, 96
3943, 84
5055, 21
2916, 00
4502, 41

187

0.1125m1/kg.

X
6548
B4, 3
59 6
3648
264 6
68¢ 6
564 5
61.1
624 4
3840
370
13,7
574 5
48,2
80,9
5049
57.9
5246
51le1
7448
83,1
594 5
49,0
40,6
6604
72, 8
7840
7048
7849
753
49, 3
3.1
28, 8
20, 4
5245
634 2
45,3
42,4
42,7
31,0
45,1
264 2
0 .
2540
16.6

2
x

4329, 64

2048, 49

5552, 16
1354, 24
707, 56
4705, 96
3080, 25
37334 21
3893, 76
1444, 00
1369, 00
187, 69
3306, 25
2323, 24
6644, 81
2590, 81
3352, 41
2766, 76
2611, 21

55954 04
6905, 61

3540, 25 .
2401, 00
1648, 36
4408, 96
5241, 76
6084, 00
5012, 64
6225, 21
5670, 09
2430, 49
9. 61
829, 44
416,16
2756, 25
3994, 24
2052, 09
1797, 76
1823, 29
961, 00
2034, 01
686, 44
0
6% 00
275, 56
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X
5445
34.2
60.7
6847
4?8' O
3249
4:0. 2
29,7
362
524 9
52,4
5648
56. 9
4361
35. 5
7546
2340
51,6
47,0
6641
44,5
2448
57. 5
65,1
50,9
38,7
25,3
87,7
48,0
39, 3
20,4

2667
50,0
7543
63¢ 7
59,3
2847
T3¢ 3
64,1
61.6
6740
52,4
4644
6445
5645

%2
1190, 26
1169, 64
3684, 49
471969
2304, 00
1082.41
1616, 04
8826 09
1310,44
1082,41
2745, 76
3226,4.24
3237,61
18574061
1246,09
5715, 36

529,00
26624 56
2209, 00
4369, 21
1980, 25

615,04
1406425
4237, 01
2590, 81
1497, 69

640,09

767, 29
2304, 00
1544, 49

884, 36

712,89
2500, 00
5670, 09
4057469
35164 49

B23 69
5372. 89
4108, 81
3794, 56
4489, 00
2745, 86
21524 96
4160, 25
3192, 25

188

0.06324m1/kg,

x
20.6
427
18,6
41,1
40,6

42,6

5046
59,7
71.8
591
697
6le 5
67.2
61.6
679
474 3
756
5346
21,3
4142
4643

5344
264 3
48,1
19,6
5843
47,5

27,8
49,9
54,0
13,9
12,7
10,0
6541
6342
726
6846
5848
13.4
10,9
3led
264 2
278

x2
424456
1823, 29
345, 96
1689, 21
1648, 36
1814,76
2560, 36

- 3564, 09

5155, 24
1528, 81
4858, 09
3782, 85
4515, 84
3794, 66
4610, 41
22376 29
B715, 36
28%72. 96
453, 69
1697, 44
2143, 69
0 2
2851, 56
640, 09
2313 61
384,16
3398, 89
2256425
57,76
772,84
2490, 01
1156, 00
193,21
161.29
100,00
4238,01
3994, 24
5270, 76
4705, 96
34574 44
179 56
118,81
979,69
686,44
T72.84
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X
23«7
31,8
39043
48,7
29,7
25,1
Hlda 4
0e D
0,0
e 7
25,8
24,0
17.5
173
4242
12,1
2246
50 2
7568
12,1
27.8
0.
B3le 2
4943
13,4
13,8
34,9
20,0
0
0]
2869
41,8
6245
38,7
22.6
21,3
CTe O
49,1
39e O
5746
0
18.5
11. O
34,8

X
561e 69
1011.24
1544,49

2571, 69
882,09

- 630,01

1049,76
2959, 36
0,09
81,00
Al489
665+ 64
576,00
306425
209429
1780.84
146. 41
510: 76
2520, 04
1281. 64
146,41
T72.84
0

073, 44
2430, 49

3384 56

190,44
1218,01

400,00
0
o)

800, 89
1747.24
3906, 25
1497,69

510,76

453469

756425
2410, 82
1544449
1413.76
0

B42e 25

121,00
1211,04

189

0, 02ml/k5e

4e O

39,0

40,0
20,0
1.6
364 B
19. 8
51.0
24,3
B33 B
18,0

14,9
1442
4840
3246

14,8

1.0
217
25,8
40,2
31.0
221
A4
70,1
55,1
3445
45,0
53¢ 5
4945
13.9
1.0
25 6
27.2
364 4
Te7
o
22, 9
3545
354 4
2249
4342
1342

%2
1936, 00
1521, 00
1600, 00

900, 00

24 56

1354424
392,04
2601. 00
590,49
1108.89
324,00
0
22401
201,64

233289

1062.76
o
219,04
1.00
470,89
6654 64
1616,04
961,00
488441

1998,09

4914, 01
30364 01
1190425
2025 00
28624 20
2450, 25
193,21
1,00
o
6554 56
739.84
1324496
59 29
o
524441
1260425
1253416
524,41
1866.24
174,24
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continued,

0, 2ml/kg, _
X = 5081,7 therefore mean (x) = @%ﬁ = 5645

_ 2
7(x°) « 508276.87 and (?Iélx.;) = 286920, 72

2 308276, -
therefore varlance, o = 87 892869293':72 B 239,86
and hence standard deviation O = 15,5
and coefficlient of variation V = 27

(see page for formlae used in calculating these
. statistics)

0.1126ml/Xkp,
<x = 4485,9 therefore mean (x) = 49.8 = .‘g‘.‘l‘.g_g.-.?.

2
Z(xz) = 207468,73 and %ﬂi‘-) 'w 223592,21

257458, 73 ~ 223592,21 4 280, 6
89

and hence standard dcviation o = 19,5

and coefficlient of varlatimm V = 39

0.06324m1/kg, — 4033, 1
£x = 4033,1 therefore mean (x) = =55 — = 4448

2

Z{x®) = 211000,95 @and %—’-‘-) a 18073217

£11000.95 = 180732,17
89

and hence standard deviation 0 = 1844
and coefficient of variation V = 4]

therefore variance, 62 =

therefore variance dz s a2 340,10

0. 02ml/kg, 5430
Sx = 2430,8 therefore mean (X) = -839—8- = 27,0

.2
S(x°) = 90033,26 end . (?-) a 65658, 2

90033, 26 = 65653, 21

89
and hence standard deviation o = 1646

and coefficient of variation V = 62

therefore var iance o’z= = 273,93
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A checl: on the normality of distribution of the small
Tymphocyte response(small lymphocyte percentage £all)
using the Y~ test.

N\

0. 2ml/kg.
Range of o E - 7Y)°
response observed expected O - E (-Q-—E—E)
of _groups enc equenc
134 0=4045 2 4 2 B
40,6-50,5 16 17 1 Cel
50¢6=60e 5 24 25 1 0
604 6=T0, 5 2 8) 18 2 062
70,6-88,5 18 15 3 0.6

2
2 5 1.2 = (-‘%E-); ne 43p = 0,8=0,9
Conclusiont These recults are normally distributed

0.1126ml/kg,

response Observed expected O « E 5
of groups frequency frequeney

25e 6= 35456 7 14 7 345
3546~ 45,0 11 16 5 1.6
45,6%556 5 26 18 7 267
65,6« 6845 15 17 2 0.2
65.6= 83,6 20 16 5 17

Conclusiont Thesc results are normally distributed

0,06324ml1/kg,.

Range of 0 E 2
response observed expected O - E (9.%}'._'..2)
of groups frequency frequency

0 -20.6 8 5

50‘ 6'40. 5 13 19 6 1. 9
40, 6=50,6 19 20 1 0.1
60,6=7645 22 13 9 6e2

xz = 10.8;n = Bjp = 0,05 = 0.1

Conclusion: These results are normally distributed
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| continued,

0, 02ml o

Range of o] E (0 - E)2
response observed expected O - E

of groups freguency gre%w._legc.v E_
0 «]10,56 15 4 1 Oe

1
10,6-20,5 16 17 1 Oel
204 6=304 & D 21 1 O,1
304 6-40.5 21 19 2 0,2
40,6-50, 5 12 r 0 0
50,6-71¢ b 6 7 1

Xz =2 0,6jn = 53p = 0,98 = 0,99

Conclusion: These results are normally distributed



193

Analysis of varlancz of the small lymphocyte rescponse
(emall lymphocyte percentage fall)

Incomplete three factor analysis § two factors with
replication,

source of sums of dcgrees of mean components
yariance squares freedon squares of variance
between 28 =4a= ng-1ls= '
rabbits . 21570, 72 29 743482
bet ween doses | 3 - 4 = n2_—1=
| 42993,44 3 - 14331,15 A3 ON
rabbit x dose D ()= PAGE 152
interaction = 20687, 86 87 23779
residual 5el=m nyn (na-l) =
87603, 92 40 281,68
152855, 94 1321;5 =

Nys nzgnsyﬁiz,oég,aig, and ubz have the same meaning as thé

same symbols on pafe y end the sum of squares for the
rabbit x dose interaction 1is calculated in the same manner
a8 shown on page 152

= 799165, 89

= 738484, 59

= 756907,31
=
=

713913, 87
866769, 81

s A0

l, 2, 3, 4, 5, were calculated as for the temperature
response using the results obtained for this index of

activity.



194

continued,

Existence of interactions

P o 287.79
281, 63

no rabbit-dose interacction, hence between rabbit and

which 1s less than 1, hence there is

between dose variances can be assessed against the residual
which gives greater precision since there are more degrees

of freedom assoclated with the residual than with the

interaction,

Between rabbit variances

F a %%%‘%%‘ = 2,64 which is greater then the five
| ]

per cent level (ny = 29;n, = 240) hence between rabbit
varisnce exists significantly

Between dose vaiance:

p o 1433115

551, 66 = B0e 688 hence betwecen dose variance exists.
*
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continued,

Significance of difference of the measns for the 4 dose=levels:

Using the error variance (residual) we can test the
significancevof difference thqe:
variance of a mean of 90 observations = §§%3§§- and the
variance of the difference between two means is twice this

hence to be significantly different at the

5 percent level a difference of 1,97 x 2,5=4.,9 18 required
1 percent level " " 2,60 x 2,5=6,5 18 required
O.lpercent level" " ¥ 3437 X 2¢5=8.4 is required
and frcm the following table

dose nsans difference
0., 2ml/k g B6e 5

\‘6. 7
0,1125" 49,8 5.0
0.06324" 44,8 7'8
0,02 " 27,0 ¢
it will be seen that all means are significantly different
the five porcent level; the means for the two highest dose-
levels are significantly at the 1l percent level} end the

two lowest at the 0,1 percent level,
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Calculation of the correlation coefficient for théigmal;
%ﬁhphocyte response (small lymphocyte percentage fall) and
0£(100 x dose)

< o
. 2(x=%) (y=¥,
Correlation coefficient r = q/ %~%) 25 (V-5

where x = small lymphocyte percentage fall

and ¥y = 1log(1l00 x dose)

2(x=%)2 = T(x°) - %25)2 = 152856, 94
(7% = 2 - ED? « 10,2107

Z(x-%) (7-F) = S(xy) - L = 1444,950625

1444, 95625 0. 5268 :n=358 : p=£ 0. 001
Therefore r :«Iﬁ§§§5:94 3 49.?T§§§ = O, sn=358;p=L0,
Therefore ths correlation coefilcient 1s significantly greater
‘ than zero,
Computation of the zbove figuress
Z(x2) 308276,87 (zx)? 5081,7
257458, T3 n 4485,9 )2
211000, 95 4033,1 (16031.5
90033 B 2430,8 ' 560 = X15915,87
866769, 81 1603145

866769, 81 ~ 713013,87 = 152855,94
- 2
S(y°) =na g%x) are calculated on page 155,

= 1444,95625
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The equation for the regression line - small lymphocyte
response (small lymphocyte percentage fall) and log
(100 x dose)

As 1n the case of the other two responses, the components
of tke. equation Y = ¥ + b(x-X) are calculated. Here, ¥
is the prcdicted value for the small lymphocyte percentage
fall for a given value for log(l00 x dose)
¥ = mean of all the small lymphocyte percentage falls(360)
= 44.5
X = mean of all the corresponding values for 10g(1l00 x dose)
= 0,8635

51x4§2§g4§) 2(xy) - Xy 1444, 95625

s = n L

D = S (X=X > x)2 = 29, 21876 = 29, 35784
2(x°) - GK‘

(see calculation of the correlation coefficient
for the computation of these figures)

hence ¥ = 44,5 + 29,35784(x = 0,8635)
therefore Y = 29,36784x + 19,150

1log (100 x dose)

1, 3010 Y = 44,5+29, 35784 (1. 3010-0, 8635)
857.5

1,0510 Y = 44,5+29, 35784 (1, 0510=-0, 8635)
= 50,0

0. 8010 Y = 44,5+29, 35784 (0, 8010~0, 8635)
= 42. 7

0. 3010 Y = 44,5+29, 35784 (0, 3010=0, 8635)
= 28.0

Using these values for Y the regression line has been
drawn (fig. 5)
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The resgildual varianee about thoe regression line, °r2

from this we calculate thc standard decviation of the
geatter about the regression line which is given by

n=2

. Oop =\/ (1 - rz),ﬁﬁiﬁiz)g

152855, 94

= 17, 63

henee

ratio A = w—lﬁwrm = 0,60
Glguw ™ Uie R

7o D8
ratio B = 2 = 0s40
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Andysig of variance to test linearity of relationshi
betieen small lymphocyte percentage fall and 1og(100 x dose)

In the manner shown on page 158 we calculate as for the
temperature response the following values

1 B66769.81
2 756907,31
3 713913.87

and enter in table as below:

source of ~ sums of | degrees of | mean

variance squares freecdom squares

betveen doges 42995.§4 ] 14331, 15
=3

within doses |109862, 50 356 308, 60
(1-2)

total 152855, 94 359

' (1-3)

It can be seen by inspecticn that the bhetween dose man
square 1s significant, and the between dose sum of squares
is now dividcd into that due to the linear regressim ond that
due to departure from it, by caleculation of the sum of '
squares attributable to the regression line which is
given by

2
@_{Zx(_z).(:)c_gx_l) (244¢ ;igg%) = 42420,79623
X=X *

= log(100 x dose)
y = corresponding response(small lymphocyte percentage £il)

and which 1s now subtracted from the between dose sum of
squares: 42993.44 « 42420479263 = 572,064377,

Thege values are entered up in the following table:



200

continued,

i sums of ldegrees of| nmean
source of varisnce ! sguares frecdom squares
between doses: ]

regression 42420, 80 1 42420, 80
deviation from
regression b72,64 2 2864 32
within doses . 109862, 50 356 308, 60
(residual)
total 1528565, 94 359

The general significance of thc regression line can dbe
testcd by comparing the regression mean square with the
residual, thus

F — M’
308. 60 = 15 ¢ 46

which 1is very highly sichificant; ond the significance of the
deviation from linearity by comparing the deviation mean
square with the resldunl, thus '

2864 32
F = 30s5.60

which 15 less than 1 and hence not significant, hence
the data can be represented by a straight line,
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Calculation of the correlation coefficient for the
tenmperature response and the Emall lymphocyte percentage

fall
Correlation coefficient 7 = %(x'fléw) .
- (FB) =) )

vhere x = small lymphocyte percentagc fall
and ¥y = temperature resvonse

>(x=F)° aXx?) - @) e 152855, 94
23'7)2 23’2) - (Zz) = 5066 €517

Z(x-%) (5-9) = Z(xy) -Z-’-Q—-z 1406, 434

Thereforec r 140@. 434, 0, AT D581 nel 00 001
¥ gqﬂl528:’55.94— X D6e 6547) = Yool (5N=000;5D

Therefore the correlation cocfficlent is sipgnificantly greater
the.n zZero |
Computation ¢f the above figures:

Zx-':'c') and 2.(y—y) are calculated on pages 196 and 165,

> (xy) ..._3;11 - 1e162.672 - 1603L.5 x 57605

= 1400,434
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Calculation cf the partial correlation coefficient for

the_temperaturs response and thc small lymphocyte

percentasge fall

Let 1 represent the small lymphocyte percentage fall

2 represent the temperature response

% represent log(1l00 x dose)

then r12

Ty

Tog

meang the total correlation between the temperature

response and the small lymphocyte percentage fall
(=0, 4779)

meang the total correlationbetween the small

lymphocyte percentase fall and log(l00 x dose)

(=0 5268)
mcans thc total correlation between the temperature
responss and log(100 x dose) (=0, 7447)

The partial correlation coefficient

Tyg = P13Tss

N (-r3) (1-r3;)
_ 0.4775 - 0,5268 x 0. 7447
./ (1-0,52682) (1-0, 7447%)

= 0,1509

12,3 =

Significance of thc partial correlation coefficient:

r W =38 . Q.1509¥657 _ 5 gg5;p=0,01-

t ———

Therefore thc patial correlation coefficlent 1s

significantly greater than zero,
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Calculation of the correlation coefficient for the small
Iymphocyte percentage fall and the de.ree_of shift to the
left,

Correlation cozfficient r = zz(XéfLQEﬂilf
V&5 Zy-9?)

where x = degree of shift to the left
and ¥y = small lymphocyte percentage fall

Fx-%)° = Hx2) - (Zn-’-‘-) 2= 40306, 70
(35" = A5 - %‘I)zz 152855, 94

5 (x-%) (5-7) =2(x¥) - <ET . 45255.46

Therefors I s 45253, 46 s s pd
ere = TT40506.70 x 150656, 03) = 2e8765n=358;p=< 0,001

Thercfore the correlation coefficient 1s sipgnificantly greater
than zero,

Calculation of the above figures: ,
- Sy ey D
Z(x-x)2 and Z(y-y) are calculated on pages 177 and 196,

Z2(xy) -‘-2%21’ = 475930.80 - 20732 x 16031.5
| . 360

= 40BL3, 46
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Calculation of thc partial correlation coefficient for

the small lymphocyte percentage fall and the degree of
shift to the left,

Let 1 represent the small lymphocyte pcrcentage fall
2 represent the degree of shift to the left
3 represent log(l00 x dose)
then Pyo means thc total correlation between the small
lymphocyte percentage fall and the degree of
shift to the left \ ( = 0,5765)

Ty rneans the total correlation between the small
lymphocyte percentage fall and log(l00 x dose)

( = 0.5268)
Tpx M22N3 the total correclation between the degree
of shift to the left and log(100 x dose)

( = 0.6467)
The partiallcorrelation coefficient

T1g = P1aPlosg

\/il‘rfg)(l‘rES)

05765 - 0,5268 x 0, 6467

12,2 ©

\/Ei;6.52682)(1-0.64672)

= 0e3637,

Significance of the partial correlation coefficient:

r/N - 3 TET A
t = = = 0, 3637 /357 7,379 0. 001
- ‘2 e e———r = e ;P‘\ o
=T N1 = 0,2687° -
Therefore the partial correlation coefficient is
significantly greater than zero.
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Results of inijection of a fifth dose-level: O, 3657 ml(kg.

Rabbit Temper ature

NoOo

O-JO O H

(03]

108
109
112

101
102
103
104

105

O3,

8¢

108
109
112

101
102
103
104
105

percentage fall

in average number
of lobes per neutrophil
(x) 1190,25

response (x) %2
1. 06 1.1025
.72 209084
1l.51 2.2201
1,40 1,9600
1,26 1,5876
1,06 1.1236

- 1.55 26 4025
1,81 3. 2761
2 00 4,0000
2406 4, 2436
1, 36 1.8496
126 1.8496
le 20 1,4400
1,36 1.8496
1,47 2416090

small lymphoeyte 9
per centage £all(x) x

48,9 . 21086, 61
39,5 1560620
57e 3 3283, 29
40,9 1672,31
4349 192721
71.C 5041, 00
64y S 413449
65,8 4329,64
71,5 5112, 25
65.9 4342481
63¢ 6 * 4044,96
DT 27, 20
47,7 2275429
60,8 36964 64
71.6 5126, 56

S4e5
2846
34.5
3342
30,1

43,7
40,3
3746
38, 7
41,6

32,6
OTe 2
53¢ &
304 B
334 O

x2

817,96
1190, 25
1102,24

906,01

1209, 69
1624, 09
1413, 76
1497,69
1730, 66

1668,18
1383, 34
1122,25
1246,09
1122, 25
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Calculations of the means, variances, standard dsviations,
and coefficients of variation of the results for the
0.3557m17kg. dose=lcvel,

Temperature rcsponse 92,1
SX = 22417 therefore mean = —%%—Z= 1,48°

<o\ 2
,'z"(xz) = 34,0841 and (%XS-L 32, 7673

therefore varliance = 34‘08414§452‘7675 = 0,0041

and hence standard deviation = 0,31
and coefflicient of variation = 21
Percentage foll in average number of lobes pz ncutrophil

(degres of shift to the 1eftl
SX = 541,9 therefore mean = 4%%9

o 2
HAx2) = 19825,09 and (a?--’f-‘) = 15577.04

therefore variance = 19825f09 1419577‘04 = 17,72

and hence standard deviation = 4,2
and coefficient of variatlion = 12

= 30e1

Small lymphooyte percentage fall

SX = B862,4 thercfore nean = EE%EE = 57.5

2
Ax2) = 51431,30 eond (%_-5) = 49562,25

51431, 30 = 49582, 25
14

end hence standard deviation = 11,5
and coefficicnt of variation = 20

therefore varlance =

= 132,08



APPENDIX II
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Temperature and leucocyte (dcgree of shift to the left)
responses_ of 1b rabbits to PseuﬁbmonasApo;xgaccharide
at 3 dose~levels,

Temperature responses

Rabbit _
No. 107/kg. 57/Kge - 2. 5Y/kg.
21 0. 86 0. 37 0. 39
23 1,57 0.82 0.65
30 1,04 : 1,12 0.62
32 1,24 0.95 0,81
35 1,04 0.72 0e74 -
36 1,74 1,46 1.51
110 1,13 1,16 0.58
33 1,25 0,82 0.84
104 0. 96 1,02 1.21
85 0,89 l.18 1.43
113 2,04 1.35 1,52
14 ‘ 1,52 1,17 0. 89
107 1,00 1,19 0. 56

Leucocyte responses -
(dccree of shift to the left)

Rabbit |
No, 107/kg, 67/keg. 2¢ 657 /%G
21 2340 21,8 19,4
23 206, 9 26,8 2D B
30 566 0 22,2 17.7
32 29,0 2241 13,5
35 327 ' 204 5 18,2
26 29,6 28s1 227
36 38,0 20,2 20,1
110 4442 7. 7 3444
33 319 2567 24e3
104 24,3 25,6 16.1
gg 21.0 31.5 15,4

G2 20,4 2348
113 3Gs 6 21,2 24,8
14 354 9 34,6 - 2545

107 29,9 27,5 20,8
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Calculations of the menns, variances, standard deviations,
and coefficients of variation of the tempcrature responsse
{x) to the & dosc-levels Of Pseudoronas polysaccharide,

107/kge 57/kg, 2. 5Y/Kge
X X2 X Xz 7 X X2
0,86 00,7396 0,37 0,1369 0.39 0.1521
1,57 2,4649 0.82 00,6724 0,65 044225
1,04 1,0816 1,12 11,2544 0.62 0,3844
l.24 1,5376 0.95 049025 0.81 0,6561
1,04 1,0816 0.72 0,5184 0,74 0,5476
1.19 1l.4161 1.26 1.5876 1,02 1,0404
1,74 3,0276 1.46 2,1316 ° 1.51 2,2801
1,13 1.2769 1,16 1.3456 0.58 0,3364
1e2E5 1,5626 0,82 00,6724 0.84 00,7056
0,96 00,9216 1.02 1,0404 1.21 1.4641
0,89 0,7921 1.18 1,3924 1.43 2,0449
1,05 1,1028 1,05 11025 - 0484 0,7056
204 44,1616 1,85 344225 1,52 2,5104
1,52 2,3014 1,17 1, 3639 0.89 00,7921
1,00 1.0000 1.19 1.4161 0.56 0,3136
107( kgo

Zx = 18,52 therefore mean,X = 18,52 ., 1,23°

2 2
Sx?) = 24,4756 ma  EX)a (-1%:”-@ = 22,8660

2
thercfore variance, ¢° = ng)_%x_) _ 24,4766-22,8660
n-1 l 4
=0,1150

and hence standard deviatlion,o =0,34
and coefficient of variation,V =28

5“/(1(:5.
$X = 16,14 thercfore mean,x = -1—%-1‘3 = 1, 08°

>(x2) = 18,9646 and (ix) 17,2656

- 17 6
therefore varionce, 02= 13 964614 l 066

= 0,114

and hence standard deviation o = 0. 34
and cocfficient cf wariation V = 32,
o6

=
2¢ 57/kg, -  13.61 o
X = 13,61 therefore mean,x = 15 = 0,91

2
>(x%) = 14,1555 and (%'25) = 12,3488

therefore variance 0‘2 = 14‘15591; 12,2488 = 0,1291

and hence standard deviation 0 = 0,36
and coefficient of wariation V = 40




Calculatiocns of the mcans, varioneces, standard deviqtions,
and cocificients of variation of the Iéucocyte responses
(degree of shift to the left) (x) to the 3 dose-levpls of

Pseudomonas polysaccharide,

107‘/1{%. 5 ZZ kag - 2. 5 k *
23,0 529,00 21,8 475,24 19,4 376436
26.9 725,61 2648 718,24 25,5 650425
36,0 1296, 00 22,2 492,84 17,7 B13,29
29,0 841,00 22.1 488,41 13,5 182425
3207 1069, 29 20,5 420,25 18,2 331,24
29,6 876,16 28,1 789,61 227 515.29
38,0 1444,00 29,2 852,64 20,1 404,01
44,2 1953Z,64 277 T67,29 3444 11834 36
31,9 1017, 61 2547 660449 2443 59049
21.8 470,24 51le5 992425 15.4 237416
22,0 1024,00 25,4 645,16 25eB 566444
3646 1339, 56 21,2 449,44 2448 615,04
35,9 1288, 81 5446 1197,16 2545 650,25
20,9 894,01 27¢5 756425 20,8 432,63
10y/kg, —  arLs
ZX = 471,8 therefors mean,x = 15‘ = 31,6

- .\
Z(x2) = 15362.42 and sz) 14839, 68

. therefore variance 6 = 15562‘4212 14859’68 = 777,54

and hence standard d.viation 0 = 6,11
end cocfficient of variation V = 13

5Y/kfe

>x = 389,9 therefore mean X = 5?%'? = 26,0

§1x2) = 10360,65 and C¢ ) = 10134, 80

10360.65 I41015A . 80 e 16,13

therefore varliance o =

and hence standard deviation 0 = 4,0
=

and coefficlent of varliation V= 16
2 Sy/kge = 3222
>X = 522,2 therefors mean X = 15‘ = 21.5

2
2(x®) = 7307.,28 and QEE) = 6920, 86

therefore variance ¢ = 00728 = 6920,86

14
anfl hence standard deviation o = 5,3
end coefficient of variation V =_24

= 27,60
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Andysls of varlance of the temperature respoﬁsa to

Pseudorionag polysaccharide,

soarce of curig of | degrees of | mcan componcnts
variance sguarss freedon squares of variance
2 = 4 = nl -1 =14 ‘ o 2
between rabblts| 3.7194 0.2657 n,67 + G5
S =4 =
between doses C. 8039 Ny = %ﬁ= ? 0. 4020 nldg + d%
. ltbdeDe (Tll-l) 2—1 = - 2
residual (error)| 1. 2962 28 U, 0463 Oy
1 - 4 = nn, - le
total 5. 8105 44

N3] = numnber of raboits = 156
ng = nunber of doos=lcvels = 3

&i = variance die to differences between rabbits
63 = variance duc to differences bitween dose-levels
62 = residunl varionce (error)

l Square every individual response ond add the squares
= D74 5971 .
2 Total for each rabblt for the threce dose-levels, square
each total, sum the squares, and divide this tatal by
the number of dosc=levels (O) = 55e4970
% Total for cach dose-level, s uare the totals, sum the
squares, and divide by the number of rabbits (15)
= 52. 5815
4 Total for all 45 responses, square this total and
divide by 45 = Dle 7776

Between rabbit varionce:

m 5 vhic 1 Y
F = 50467 = He W4 wihich is gred er

than the five percent value for the variancc ratio I (n1a14;
no=28) indicating that between rabbit verianecc exists

Between doses variance: 0. 4020
' F = =*—— = 8,68 vhich is also greater
06 0463

than the five porcent value for F(ny=2;n_=28), MNote: in the
F-tests ny and n, are different from the”n, ond n, in the

table at the ton of the pagcee

L ]



continued,

- Significance of difference of the meons for the tenperature
response to the thrce doge-leveld of Pseudononas polysaccharides

variance of a mean of 15 observaticng = ngéﬁé

and the variance of the difference betwesn two means is

twice this, hence e
§.D. = 4/0,0463 x 2 = 0,08

hence to be significantly different at the

b porcent level a difference of 2,05 x 0,05 =0,16 is required
(for n = 28, t = 2,03)

and fron the folloving table

ov/ ioongC Aifference
10}//1{8. 1. 25‘.M-L—}:— for
5 n 1408 == O‘ l;
2. 5 " C. 91 V,_,,._,__...,._,., :

it is seen thatusing this index of activity the twc highest
dose=~lcvels cannct be distinguished, The gifference between
the resnonse for 2,57/kg and 107/kg 1s 0,32 ,and these two
dose-levels can be distinguished (p=<0,001)
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Annlysis of variance of the leucocytec response (degree of
shift to the left) to Pseudomonas nolysaccharide.

gource of sumg of degrees of | mean corponents
variance squares freedom ' |squares of wvarlance
2 =4n '
between rabvlts| 635,061 n - 1=14 454 26 _
5=-4= AS Q1
betvrcen doges | 748425 Ny = 1 =2 374413 PAGE 210
144eQmi= Y 1)( 1) E
residunl(error)| 501, 38 (nl'zsng' | 17.91
l -4 & n1n2-1 =
total 1883, 24 44

nl,nz,qf,cg,dg have the same meaning as the sams synbols
on page 210

33030, 33
351780470
31E05, &4
31147,09

N I I

1, 2, 3, 4,  wcrc calculated in thce same manner as the
seme numbers on page using, of~-course the results for
this index of activity.

Between rabbit variance:

2
F = i'r?:-*gf = 2,63 which is greater than

the five percent value for the variance ratio (n,=14;n,=28)
indicating that betveen rabbit variance exists signififently

Between dosgses variance:

374e 13
F=37,01
the five percent value for F (nl = 2;n

= 20,8% which is also grecater than

o = 28) indicating

that between doses variance exists significantly.



213

contlinued,

Significance of difference of the means for thc leucocyte
responses(degree of shift to the left) to the three
dose=levecls of Pscudomonas polysaccharide:

17,91

15
and the variance of the differencc between two means is
twicethis, hence

variance of a mean of 15 observations =

3.D. =[17.91 xf8 = 1.55
hence t0 be significantly different at the

5 perccnt level a difference of 2,05 x 1,55=3, 2 1s required
1 percent level a difference of 2,76 x 1,55=4.3 1s required

amd from the following table

dose meang difference
kg, 3le D T —_—
lg /"g G O De

5 ] 2) =S i
Ce 5 2le 5 ——

it i3 szen that using this index of activity two-fold
incrcases in dose con be distinguished (p=<0,01)



Calculation of the corrclation cocfficient for the
temperature resnhonse to Pscudorionag polysacchaeide
and loz dose,

Gorrelation cocfficient r = -20izX)(¥=¥)

AEEDH BT

where x =tichipetature response
and ¥ =log dose

x-%)? = 5,8195

2
S(y-7)° = 2.71825340
Z(x-%) (y-F) = 1.478150

Thercefore r 1, 478518 _
AJ(E.B195 x 2.71000640) = 22010

n = 45;p = 0,02 - 0,01 thaowcfore tho corrclation cccfiiclent
is significontly greater than zero

Computaticn of thz above figurcs:
0 .
2(x=x)° is calculated on page 210

2 . . o
Hy-y)° =Ay?) - CZI;Z) = 15(12+0, 6990740, 39797) (15 x 4§°°969
= 2.71803340

S(x-%) (7-7) = Zlxy) = L (1 3 18.52)+ (690 * 16014
n +(. 3979 % 15. 61)) - ‘80%1%5104555

= 1, 476158
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Calculation of the corr _lation coefficient for the
leucocvtc rosponge (degree of shift to the left) to
Pseudorona DOlySﬁCuhﬁPle and log oosg.

Correlation cosflicient r = Z.(X—X-)-(;f-y) .
A (Zx=%)* K v-7) %)
where x = leucocyte resp-nse (degree of shift to the left)
and Y = ,.:.08 dose
Z(x-%X)"7 = 1683, 2-

P ,
Hy-F)° = 2.71895345
x-X) (y=7) = 45,0372

45,0372 )
§5.84 x 2.71898545) 2:6294

Therefore r = {T(la

n = 4%3p = 40,001;thercfore the corrclation cocfiicient is
significantly greater than zero

Comj'put:—ztion of’ the above figures:
Z?(x-'f)z is ealculated on page 219
Z(y—y)2 is calculated on page 214
Sx-%) (v-5) = S(ay) - 22 -

\ 7
((1 x 271,8)+(,692 x 389,9)+(, 3979 x #22,2))- S220e2 X01.4035
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The couatlcn for the regressior lines « temperature response

L el omie e e

to PscadOmona; Dolysacena cLGe ﬂﬂivION doge,

The compcnents of +th2 eguatien Y = 7 + b(x=x) are
calculat:d, Y is the predicted value fo the temperature

recponee for a glven value for lo: dosc.

Y = mean of all thoe tenmperature responses = 1,07
T = meon of 21l the corresponding values for log dose

= 046390
Y 2(x=X)(y=7) . le478158 = 0. 5457

= E; 2 2071893340
(x-7)

(eee calculntion of thc correlation cocfficient
for th. computation of thesc figures)

hence Y = 1,07 + 04 5457 (x-0s 6990)
= 0, 04D7X + 0469

loz dose

1, 0000 Y = 1,07 + 0o5437(1 ~ 0,6950)

= 1.23
0.,6000 Y = 1.07 + 065437(0.6990 = 0,6S90)

= 1,07 .
O, 3579 Y

L/ 1]

1.07 + 045437(CeBITY = 04G990)
0.91 _

The stendard devintion of the ecatter about the regression
line is given by

-2
< -V » 2
o, =_=,\/1 - r,\/ﬁg%l = A = 0e5716 /' 22 o 0,346

"®/
) 0. 34 .
henee ratio A = 1,55 = 0.01 = 1,06

Qe 34

ratio B = 3:5; = Q.32
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The ecnation for ths regression line = lencocyte response

dn c¥o€ 0L ghii To Tl 1EIT) U0 Pscadononas polycaccaaride
2N Lo 10S6, o

In the equation Y = ¥ + b(x-x), Y isthe predicted valus
for the leucocyte responsc for a ziven value for log dose

¥ = mean of all ths leucocyte responses = 2545
X = mean of all the corresponding valuegs for log dose

= 0,6990
w7 (v-T7)  _ 450372 e
b = ZR;XX)Eiz') - é?éi§§554o'“ 12,5648
R=F : '

(sce calculotion of <hs corvelation coofficient
for r+hz computat ion of thesc Tfigures)

hece Y = 2645 + 154 5645(X = 04 6350)
= 16, 5045% + 146723

log dose

1, 0G00 Y = 2663 + 1645645(1 = 006290)
= 51;5

0,6¢0¢0 T = 2643 + 1645640(0,6290 = 0,6900)
= 2643

0, 3979 Y = 26e3 + 16,EC4%(0,72975 « 0,6990)
= 21le O

The stardard deviection of the scatter about the regression
line is givenm by ’

Or =«/]. - I'~ - = ’//J' - O‘ 62 9!—12 188(5. ":;17
V

P> Az = 214

hence ratio A = O 14 = 0,51

51. - 21, 5 et

5
ratic B = 5:.1.%:9_.__@_

DL i

.-;v.t.)
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Ansl ysis of varianse to test linearity of relatioshi;
between the leucocyte response (degree of shift to the left)
to Pseudomonas polysaccharide and log dose.

In the manner shown on pagelsswe calculate the following
values

1l 3303033
2 31895,34
3 31147.09
and enter in table as below:
source ot sums of degrees of mean
variance squares freedom squares
Petween doses ’7?8. 2? 2 “BAT. 13
2-3
within doses 11%4.9? 42 27,02
o 1-2
total 1883, 24 i 44
| (1-3)

Significance Bf the between dose mean square:

Pa 222&1§ s 13,85 which is greater than the
27+ 02

five percent value for the variance ratio=-F (n;=3;n,=43)
and hence significant.

The between dose sum of squares is now dlvided into that
due to the linsar regression and that due to departure from
it, by calculation of the sum of squares atiributable to

the regression lihe which is given by
pa X=X 2 2
-‘-‘—‘(11)-(3——)-)-' = = 45,0372
21x-% 2 71806310 = 746.0093

x = log dose
y = corresponding response (leucocyte response)

These values are entered up in the following tables
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cortinued.
sums of degrees of Tean

gource of varlance| squares freedom sguares
between doses:

regression 746, 0093 l 746, 0093

deviation from »

regression 2. 2407 1 2. 2407

within doses 1134,99 42 27.02
(residual)
total 1883. 24

The sum of squares for the EE?IaEIon from regression
is obtained by subtracting the sum of squarss
attributable to the regression line from the between
doses sum of squares,

The generalsigniffconce of the regression line can be
tested by comparing the regression mean square with the

residual, thus
' F = Zﬁ%%gg%§,= 27,61 which 1is greaterthan
e

the five percent value for the variance ratio, F(n1-11n2n42)

The significance of the devaition from linearity is tested
by comparing the deviastion mean square with the residual

thus,

24 2407 . ,
F = 57, 02 = less than 1, hence the data

can be represented by a straight line,
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Analysis of wvariance to test lincarity of relationship
Petiicen the temperature response to Pscudorionas
polysaccharide and log dose,

In the manner shown on pagd® we calculate the following
values

1 ©57.5971
2 52,5818

3 Bl,7776

and enter in table ne below:

source or | cumgs of dcgrees ot mean
variocnes gouares f'recdon sjuares
Detucen Goscg| Os G009 3 0, 4020
(2-3)

vithin dorces | D,01E8 a2 0. 1104

4.(1=2)
total 5.819%6 4.4

(=2

Significance of between dosé rican s.vares
F o= 0. ‘1‘090
0, 11904 |
five percent valuc for the variance ratio—Fr(nlzz;nn=42)
and hcenee significent. . “
The between dose sum of squares is nov divided into that due
to the linear regression and that due to departure from 1t,
by ealeculntion of the sun of sguarcs attributahle to the
regresaion lins vhich is given by
' P r =\ 3 o
(Zy=7) (- 1. 476158%  _ 0,5036
Z(x-%) 2, 715303310 EE—
X = log desc
Yy = corrserondinz response (temperature)

= $¢006E& which ic grcater than the

These values nro onteraed vy in the follouing tables



continued,
surs of | degrees Of mean
source ol varisne=z| scuarcs frecedom cquares
betvieen dosec:
regression Ce 80GOS 1 0, 8036
cviation from
regressicn Ce 0003 1 O. 0003
79 - o . r =& ¥
vl uh.‘!.l;l aogsCo Se 0516 49 0,1194
(residual) ' .
total 548105 .Y

The oum of szuarcs Lor the doviation from regression
is ohtairned by cubtracting the sum ol cguares
attributableto tiy regrescion line from the

besreen doocs SW O S4UAYES,

Tho general sifnificonce of th: regression line can be
teated be cormaring hthe resression meazn squers with
the regiduel, tims

= 6470 which ls greater than
the five percent value for the vorinnce ratio,F (ny=1;n,=42).
The simmificance of the devintion fronm lisi~w»ity ic tested
by comparing the deviaticn meun oy are with the residual
thug

o p = 0.0003

01194
can be represented by a straight line,

= less th 1 , hence the data
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Calculation of the corrclation coefficient for the
temperature response and the leucocyte response (degree
of shift to the left) to Pseudomonas polysaccharide.

Correlation coefficient r = 2(x-X) (y-7)
N (E(x5) "R y-7)2)

where x temperature response
and ¥y = leucocyte responsc(degree of shift to the left)

Z(x-x)? = 5.8195
2
2(y-y) = 1883,24

2(x-x)(y-¥) = 37,323

37 323
2 0. 3656
Therefore r = 5.8195 x 1883.%4) = 3656

n=43;p=0,02-0,05; therefore r is significantly greater than zero

Computation of the above figures:
Z(x-X)2 18 calculated on page 210

iiy4§)2 is calculated on page 212
o s 48,27 X 1193, 9
8ol X 1190,
2{x=%x) (y-y) = 2(xy) - Z—-:;—?ﬁ! = 1307,263 -~ a5
= 57. 323
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Calculation‘of the partial correlation coefficient for the

temperature response and the-ieucoczge responge (degree of

shift to the left) to Pseudomonas polysaccharide.

In this case the effect of log dose on the correlation
is eliminated,

ILet 1 representthe leucocyte response
2 represent the temperature response
3 represent log dose
then Ty0 means the total correlation coefficient between
the leucocyte response and the temperature response
( = 00 3565)
Ty 5 Mmeans the total correlation coefficient between
the leucocyte response and log dose ( = 0,6294)

Ty mMeans the total correlation coefficint between
the temperature response and log dose( = 0.3716)

The partial corrclation coefficient

r - r T
r12.5 = ~12 13~ 23
/(2-785) (1-rZ)
0.3565 = 0,8294 x 0, 3716
=
/(1 - 0,62942) (1 - 0,37162)

=z 0,1700 which for 42 degrees of freedom
i8 not significantly greater than zero,
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Time required to reach maximum tempcrature after the indjection
of variouvs dose-levels of dilferent pyrogen prenarations,

I Pseudomonas polysaccharide

107/kg 5/ kg r 2¢ 67/kg

b ¢ .‘.‘{2 X x< x P34
90 8100 210 44100 100 10000
90 8100 70 4900 120 14400
110 12109 220 48400 100 10000
90 3100 200 40000 o0 8100
140 19500 100 1C009 100 10000
80 €400 100 10000 D * 49200
190 36100 &0 €400 20 81C0C
170 285090 €0 8100 o0 8100
120 14400 70 4900 100 100CC
o0 €1leco 130 169C0 180 32400
70 4200 80 cACO 220 52200
80 6400 100 10CC o0 8100
70 4900 80 64C0 20 8100
20 8100 70 29000 200 40000
80 6400 100 1000 00 8100
107/kg

$x =1560 therefore mean = 1§60 = 104 minutes
>(x°) = 180600 end (g-).» 162240

therefore variance = 180600—16 22 a 1511.4 ,
14
8/ ks '

S>x = 1700 tharcfore mean =1g00 = 113 minutes

S(28) = 251400 mma &5 7= 192667

251400=192607 __. 0o
Th = 373647

therefore variance =

2, 67/kg o
>x = 1740 therefore mpan = 1Z§D z_116 nminu:.tes

S(x°) = 258520 and %") 201840

therefore variance = 25520;201840 = 2240, 0
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centinued,

Significance of differenée of the meen times taken to reach
maximun temperaturcs.

= =
t m X=X /nxn'
G n+n'

2 Sart
where o’:/((Z(XZ)'(%'?)'*ZE'2)“%))2)(21-&!1'-2))

For lg;;igg %f %gg and n = n' = 15

9
thorefere € = I573 o7 = 0,538

therefdrc the means do not differ significantly

and r = n' 15

[

FOI‘ 57/kg Ec_' = 110
.07" ::' 116

]

therefore t = -58—- X 2,7 = 0,162

therefore the meane do not differ gsignificantly
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contirued,

IT Lipopolycsaccharidc from S, abortus

cequil

Qe 1V/ky 0, 01%/ks; 0, 005Y/ ks
x 2 z———lz—§2 .&___Z%%b

95 0025 95 9025 1%5
85 725 o5 9025 . 56
195 35025 66 4556
105 11025 105 11025 15
12151 9025 105 11025 55
165 24025 115 12825 56
195 &5028 11025
05 9025 195 oss 105
195 an00hy 145 21025 85
95 9035 205 42025 B85
96 9025 505 42025 105
85 7225 a5 7995 73
76 5635 115 16225 105
05 Q02H 65 7835 10§
125
0017’ ke 1775 .
Z>x w 1775 therctore mcon = —-i-,;-“-’ = 118 niinutes

T

S{x2) = 256576 and @EE) = 910042
thercfore variance = 28657b=2100473 = 18052

14
03017Zkg e
Z>x = 1746 thorefore mean = l{;ﬁ = 116 minutes
S\ 2 )
>(x2) = 224306 and %‘5) = 200915
therefore variance = 2 4322“200915 = 10,9
0. 0057/ ke .
5% = 1295 therefore meon = 1299 = 86 minutes

T
>{x?) = 124775 ond C%E) = 111802

124775=111502 .
77 = 92646

therefore variance =

15625
3025
225
Z0R2b
3026
o026
11025
110256
7225
7225
11025
5625
11025
11026
1£625
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continuzd,

Significaunce of differencs of the mean times taken to resch
maxinun tenveratures,

For o0,17%/kg X = 118 Y B
.01 7/ke X'= 116 AR =0 =15

2

therefore t+ = —5—= % 2.7 = 0,128

ECe &

therefore the mncans Go not diffcr significantly

For 8.0lY/ks X = 116
0, 0057/k = 5

thereforc % = 3é9U x 2.7 = 2020 (n=238;p=0.02=0.05)

therefore the nocans differ significantly
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Temperature tnd leucocyte (degree of shift to the left)
responses of 15 rabblts to lipopolysaccharide from
‘Salmonella abortus equi.

Temperdture responses )

abbit E
? NO.’: -Q-:M.g' ..._._ZO' 01 zkso Os 005)//kg.
46 1.29 0,42 0,05
49 1,47 0.97 0. 59
30 1,17 0.87 : 0, 27
35 1,09 0,87 0, 44
41 0.98 1,22 0. 57
43 1. 39 1,10 0, 68
44 0,78 0.82 0, 51
45 0, 96 .00 0.46
A 0.64 0.88 0.73
110 1,67 0,66 0. 51
109 1.69 0,44 1,05
107 1,29 0467 0,91
112 2,29 0430 1,29
33 1,20 "0 64 0.79
Teucocyte responses
(degree of s%ift to the left)
Rabbit

No

46 36,3 2647 14,7
49 34,1 20,7 9,6
50 " 35e1 15,2 11.8
0 - 32,1 22,6 13,0
35 18.6 22,9 6.1
41 284 3 23, 2 10,2
43 33,3 16, 9 10,5
44 28,1 24,8 21,4
45 22,4 14,0 13.6
A 29,8 20, 5 16.1
110 34,0 . 20,2 25.8
109 38,9 14,6 2241
107 3648 2241 18,2
112 3844 11,9 16.3

32 354 5 17.6 12,1
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@alculation of the means, varlances, standard deviations
and coefficlents of variation of the temperature response(x)
to the 5 dose-lcvels Of lipopol;gsacchaere from Salmonella
abortus equl,

0. 17/ K&, 0,01 Ykg 0. 005 7/kg,
x x X X2 "f__éig
1,29 1.6641 0.42 0,1764 0,05 0, 0025
1,47 2.,1609 0,97 0,9409 0.59 0, 3481
1,31 1.7161 0,65 0.4225 0e37 0,1369
1,17 1.3689 0.87 0, 7569 0,27 0,0729
1,09 1.1881 0,87 0, 7569 0.44 0,1936
0,98 0.9604 1.22 1,4884 0.57 0e3249
0,78 046084 0.82 0,6724 0,51 0,2601
0,96 09216 1,00 1,0000 0.46 0,2116
D.67 27889 0.66 0,4356 0.51 0,2601
®ra 208561 0044 0,1936 1,05 1,10256
1,69 3" 6641 0,67 0,4489 0.91 0,8281
%'gg 5 2441 0,30 0,0900 1,29 1,6641
[ ] [ ] N
1,20 1.4400 64 0,4096 0,79 0,6241
0. 17/kg,

5X = 19,22 therefore mean x = 3%'5-2-—2- = 1,28°

=(x°®) = 26,0234 and (_Zzt.) = 24,6272
26,9234 = 24,6272 _ 0. 1640

end hence standard deviation o s 0.41
and ceefficlent of variaticn V =) 52

therefore variance 62 =

O. 01{[kg.
X = 11,51 therefore mean X = -:!'-1’-'-5-:-"-:0&1

16
2
S(x°) = 9.7765 end Cfx) = 8,8320
9. 7765 = 8.8320 _ o,0675
and hence standard deviation o = 0.26

mt——

and coefficient of varliation V = 34

0, 0057/kg. _ :
Z2x s 9,12 therefore mean x = Qigz = 0,61° -

| 2
x°) = 6,8988 and %—K) = 5,5450

therefore variance o2 = ) 8988 { 45' 5450 = 0,0967

and hence standard deviation 0 = 0.31
and coefficient of variation V = 51

therefore variance 02 =
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Csleculations of the means, variances, stendard deviet ions,
and coefficlents of variation of the leucocyte response (x)
(degree of shift to the left) to the 3 dose~levels of
lipopolysaccharide from Salmonellsa abortus equk.

0. 1Y/kg, 0.017/kg, 0. oosvgkg.
x %2 x x2 x x°
36e3 1317.69 26,7 712,89 14,7 216.09
34,1 1162,81 2047 428,49 9.6 92,16
85,1 1232,01 15.2 231,08 11,8 13924
321 1030,41 22.6 510,76 13,0 169,00
18.6 345,96 22.9 524,41 6.1 3721
28.3 800,89 232 533,24 10,2 104,04
333 1108, 89 16,9 285,61 10,5 110,25
28.1 ng9,61 24,8 616,04 21,8 son.
2244 501, 76 14,0 196,00 13,0 % g‘g%’
29,8 ggg, 04 20,5 420,25 1641 p5g, 21
34,0 %HG.O? 20,2 408,04 25,8 Ggg, (zai
38,9 Be 2 14,6 21316 22,1 448,41
368 1354, 24 22,1 488,41 18,2 331.2
38,4 1474,56 11,9 141,61 163 265,69
5Be 5 1260, 25 17,6 309,756 12,1 146,41
0.1 7/kg, ‘ :
X = 461,7 therefore rean X = 28ls7 . 32,1

15 ===
Hx?) = 15056,85 ena X% 15468, 00

therefore variance 6° = f5036, 3 "415468' 99 - 33.38

and hence standard deviation o' = 5.8
and coefficlent of variatim V = 18

0.017/kg, — oos9
5“:: 205,9 therefae mean ¥ = 2322 . 19,6

15
Z(x°) = 6025,71 ana %’S) = 5758.48
6023.71 - 575848

= 18,95

therefore variance 5 = 7
and hence standard dcviation ¢ = 4,4
and coefficlient of variat:lon v =25
0. 005 7/kg.
>x = 220,9 therefore mean T = 22068 _ 4,
T15 ==
>(x2) = 3611.55 and E-) = 3253,12
therefore varliance 0% = 5611' 55 - 5253.12 = 25,60

14 e

end hence stondard deviation ¢ = 5%
and coefficient of varliation V = 34
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Analysls of variance of the temperature response to
ligogolxsaccharide from S, abortus equi,

gsource of sums of | degrees of | mean cbmponents
varliance squares frecedom sguares of varlance
2 w4z
between rabbits| 2,2544 ny = 1 =14 | 0,1610 | ngg+of
3 =4d=
between doses 347148 ng - l=2 |1,8574 nlo%+qf
1+4=2«3= 2
residual (error) | 2.3401 (;=)(ng~1) = 0,0835 %
| ~ 28 -
total 8. 8095 n ny-1 =4
(1-4)
nl,nz,og,o%,ooz have the same meaning as the same symbils on
page 210
1l 43, 6987
2 37. 5438
3 39,0042
4 3be 2894

1,2,344, arc ealculated as shown on page 210

Between rabbit variancet

P = 0,1610

0. 0836
be significant at the five percent level of significance

= 1,93 which Just fails to

Ld

Bet ween doses varlance:

l1,8574
=2 n 22,22 which | eater than
P = 50856 is gr

the five perccnt value for F (n,=3;ng=28) hence betueen dose
varisnce exists significantly.
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continuecd.

Significance of differcnce of the means for the temper ature
response to the three dose-levels of lipopolysacchairde from
S, abortus equit

variance of a mean of 15 observations =‘QL%%§§

and the variance of ths difference between two means 4s
twice this, hence

S.D, = Jo.oese x:’s‘ = 0,11

hence to be significantly different at the

6 per cent level a difference of 2,05 x 0,11 =0,23%1s reqnired,
end from the following table

d087 means difference
Oc 17 kg 1. 28

0.01 " ot gtae

0, O0L" 0,61 T

it is seen that the temperature r.sponsegfor the 0,005:/kg
and 0,01~/kg dose~levels are not significantly different{P=0,05)
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Analysis of variance of the leucocyte response (de;g_gee of
shift i{& the left) to linopolysaccharide from 8, abortus

equi,

source of | sums of | degrees Of mean components
variance squares freedonm squares of var iance
between rabblts 23;.382 n; -1 =14 | 30.88 n20§ + 002
between doses 34;:5?53 n, -1=2 | 1206,83 nyof + of
residual (error) %Egg‘és (n]_é—]g(ng-l)a 23453 03
- total ;564?6;3‘ 1 “1"221 -

nl.nz,olg.ozg.ooghave the sane meaning as the same symbols

on page 210

1l 25871.59
2 22499,22
3  24480,569
4 22060494

1, 2, %, 4, were calculated in the samc manner ason page €10

Between rabbit variancelg ] 30, 88
234 653

significant at the five percent level,

= 1,31 which is not

Between doses variance: 1206. 83
F= --2-3—-95-3— 51,29 vhich is greater than
the five percent value for F (n1=2;n_=28) hence between dose

2
variance exlsts significantly
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continued,

Significaence of difference of the means for the leucocyte
responses (degree of shift to the left) to the three
dose=levels of lipopolysaccharide from S, abortus equis

variance of a mean of 15 obgervations = 2%%§§ a 1,57

end the variance of the difference between two means is
twice this, hence E—1
S.D. EV”23¢55 X Ts = 1. 77

hence to be significantly different at the

6 percent level a differencs of 2,00 x 177 = 3,63 18 required
1 percent level a difference of 2,76 X 1l.77 = 4,89 1s required

and from the following table

d°s7 ‘means  difference
0,01 7/kg 10,6 12: >

0. OO5»//1CE,‘ 14' 7 -

i1t i1s seen that the means for the 0.01l7/kg ond 0,005y/kg
doses differ significantly (p = 0,01)
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Caculation of the correlation coefficlent for the
tempersture respense to lipopolysaccharide from
S, _abortus equi, and 1og(l000 x dose). .

Correclation coefficient »r = lixx‘fl(gby) =
«/ Cx-x) XHy-y)")
where x = temperature response
and ¥y = log(1000 x dose)
Z(x-%)2 = 8,3093
H(y-¥)2 = 13.91601
(x-X) (y-3) = 7.189830
Therefore r = 7. 189330 = 0.6686

.V(E.5U§3 X IE.QIEOII

n = 43;p = <0,001; therefore the correlation coefficient
is significantly greater than zero,

Computation of the above figurest

2(x-X)2 1s ealculateé. on page 251

Hy-7)? = S(3°) - (;H)gn 15 (2%+1°+0, 6990%) - (1B 14?6990)2
=13, 9160%

2 (x=%) (-7)= Zxy) - 22X = {Ez ;95?2?3‘)55% fe%l‘zs%%. 4850

= 7.189330
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Calculation of the c¢orrelation coefficlent for the

TZGcocyte response (degree of shift O the lert) o

lipopolysaccharide from S,abortus equly and 10g{1000 x dose)e.

2 (x=%) (%r»?)
A Ex-%) 5= %)

where x = leucocyte response(degree of shift to the left)
and * ¥ = log (1000 x dose)

Correlation coefficient r =

2(x=%)? = B3504,65

S(3-7)° = 15.91601

>(x-%) (y-¥) = 183,0246

Theretore = 183, 0246 = 0,8288

m‘).h X ld.9106

n = 43;p = <<N,N01; therefoée the correclation couefficlient
is slgnificantly greater than zero

Computation of the above figures:

Z(x-x)? 15 ealculated on page 253

EXY-V)z ie calculated on page 22

Z(x-x) (y=y) = 2(zy) - ‘Z;__'z—z -

((2 x 481, 7)+(1 x 293,9)+ (4699 x 220,9))-226+5 2555-4850
= 183, 02460
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The eguation for the regression line - temperatiyre
response_to iipopolysaccharide from S.ebortus cqui, and
Tog (1000 x dose)e

In the equation Y = ¥ + b(x-X), Y is the predicted value
for the temperature response for a glven value for
log (1000 x dose)

y = nean of all the tempcerature responsas = 0.89
X = mean of all the corresponding values for log(l00Oxdose)

= 1,233
p = HE=X)(F-¥) = 7,189830 . 0,51666
S(x=-% ) 13.19601 ———

(see calculation of ths correlation cceffieient
for ths computatfon of these figures)

hence Y = 0,89 + O, 51666(X -1 235)
g 0.51666X + 0,253

log (1000 x dose)

2 Y = 0.89 + 0.51666(2 - 1,233)
= .L"Bg

1 Y = 0,89 + 0.51666(1 -~ 1.233)
= 0,77

0. 8990 Y = 0,89 + 0,51666(4699 ~ 1,233)
= 0,61

The standard deviation of ths scatter about the regression
line 1s given by

op=/1 =27 /C;:I) \ =1/1 - 0.66862 /2283 = 0, 372

0.33
hence ratICA,z 1758 = 0,61 = 0,49

0.55
ratio B= o5 0. 37
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The eguaticn for the regression line -~ leucocyte response
{aegree of shtt to the 1=ftl,to lipopolysaccharide from

Seabortus equl, and log (1000 x dose).

In the equation Y = ¥ + b(x~-X), Y is the predicted value
for the leucccyte response for a given value for
log(1000 x dose) :

¥ = mean of sll the leucocyte responses = 22.1
X = mean of all the corresponding values fgr %gg (1000 x dose)

5-%) (v-F) . 1880246 oy
b = Zx-x) m = 15. 1591

(sec calenlation of the correlation coufficient
for computaticn of these figures)

hence Y = 22,1 + 13,1521(x ~ 1.233)
= 13,1521x + 5,88

log (1000 x dose)

2 Y = 22,1 + 13,1521(2 - 1,233)
= 3242
1 ' Y = 22,1 + 13,1521(1 - 1.%33)
-4 19.1 )
00,6990 Y = 221 + 13.,1521(.G99 - 1,233)
= 1541

The standard devis lon of the scatter about the regression
line is given by

_2 (E:-i)z _080803 M::EOIL
0, =/l =1 A/ e 45

e 5.04
hence ratio A = BT o 0.29
ratio B = 5,04 z 0,23

22.1



Ansiyvais of wvonianne to test linearity of relationship
betue "P ‘th': tormurature PeshOnse. 1o 11vuo*v>ol_,1_uauclmrian
fron Gie ADOTLUS O0U4 ahd 1om T1000 = cdose),

In the mammer shown on »agdiad we culculste the following
vd ues

1 43,5937

‘3 UJ.O\).!:».

O 3Bl B804

and cnter in tabkle a2s below:

Courco or gung of aeLrcen or neon
varinnece sruaras freodon squaras
batreen dosas | 867140 2 l.8574
2w=3) .
within doces Le £3945 42 0s1C2A
Kobtnl fie ‘.'.:O’}.:o i
(letd

Significance of the tstwech A0cE moan oquare:

T oa %L%ﬁ%% e 16,9761 vhich 18 greater
[ ]

than the ficv percent value for tho varlonce ratio (ny=2jng=42)
The between dogo suil of squarcs 18 now divﬁ.aed into that
due to the linear reurcszion ond that due to dcparturs from it,

by ealculation of the euri of squares attributable to the
regrezasicon line vhich ig given by

g’;’f-’\f x=%)) > e 1807 53 a 3.714029044
X-7) 2 NI R

% = oz (1CO0 x dosa)
¥ = corresponiing rosponse (1eucncyte)

o V]

o

Theso valuco arc enterced up in the following table:
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continued,

- sums of | degrees of me an
source of variance | squares freedon squares
between dosest

regression 3. 7147 1 36 7147
deviation from
regression 0., 0001 1 0. 0001,
within doses 4, 5945 : 3 0,1094
(residnal)
total « 2093 44

e sum of squares ror the deviation from regressim
is obtalned by subiracting the sum of squares
attributable to the regression line from the between
doses sum of squarcs.

The general significance of the regression line can dbe
tested Dy comparing thé regression mean square with the
residual, thus

P o 07147
0, 1094

the five percent value forthe variance ratio (nlal;n2=42)
and hence significant,

z 3090521 which is greater than

The significance of the deviation from the regression is
ftested by comparing the deviation mean square with the

Jual s
residua y thu P = 020001

0. 1097 which is less than‘l and hence

not significant, hence the data can be represénted by a
stralght line,
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Analysis of variancc to test the linearity of relationship

I=Txzen the Jeuccevie response (degree of shiff to the left)
to lipocnolysaccharide from S, sbortus equi, and 1og(1000 x dose)

IN the menner shown on pagelb8we calculate the following
valuss .

1 25571,59
2 24420, £
3 22066, 94

and cnter in table as below

sguarce of sume of degrees ot mean
—_ var iance sguarss | freedom gauares

between doses 2%15.?5 2 1206483
2«5 :

within dosss 1?91.?0 42 204 98
1=2) ) :

total 5004, 6D 44
(1-3)

Significance of the tetween deses mean squares
F = l%%géﬁﬁ = 46445 which is greater

than the t'ive percent velue for the variance ratilo
(n1=2;n9=42)and hence significeant,

The between dose swu of squares 1s now divided into that
due to the linear regression and thet due to departure from
it, by calculation of tiic sum of squares attributeble to
the regression line which is given by

) (7=-5))° . 2
_iélzzzlix;zll_ 28040246 . 2407,15530

S(x-x)° = 13. 91601

These values are entered up in the following tablet
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continuzd,

Sums ol  |aegrses orf meen
gaarce of variance | sqjuares frecdom squares
between Jdoses: .

regression 2407, 1568 1 2407,1558
daviation from
regression 0. 4547 1 Do 4947
within dozes 1022, 00 42 2D, 98
(residunl) -
total o 304, 65 4.4 -

Thz gun of squarcsfor thz deviatincfrom regression 7
is obtained by subtracting the sun of sguaves attributable
4o the vepressi:n line from the between dose sum of squares,

The general significance cfthe regression line can be
tested by comparing the rcaresscicn mean square with the
residual, thus

24C7,1558
20. 98

than the five.percent value for the verivnce ratio
(n3=1;n,=4%) an' hence signiricent,

F = = 92,6542 which is greater

The gignificance of the deviation from linearity is tested
by commaring the devaation mean squore with the residual,
thus 64047 _ 5 00 4 4 theref

P e CENCEN = l¢ss than ono an erefore
not significant, hence the data can be represented by a

stralght line,
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Calculation of the correlation cocfficient for the
temperature response and the leucocyte response (dcgree
of shift to the left) to lipopolysaccharide from

S. abortus equi,

Zx-X) (y=¥)
J (Zx%)*=(5-7)?)

where x = leucocyte response
end y = temperature response

>(x-%)? = 350465

Correlation coefficient r =

Z(y-F)° = 8,3095
>(x-%) (y-¥) = 125,800

therefore r = ,125;80?5 5y = 0.7372

n=433p=£{0,001;therefore r is significantly greater then zero,

Computation of the above figures!
Zx-'f)zis calculated on page 233
Zy-'i)zis calculated on page 231

S{x-%) (y-F) = 2(x¥) = Zx>‘ ~ 1008, 256 - 996.54:; 9. 85

= 125. 800
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Caleulation of the partisl correlation coefficient for
the temperature response and the leucocyte response
(degree of shift té the left) to 11pqpolx;acchar1de

from S, abortus equi,

In this case the effect of log(l000 x dose) on the
correlation is eliminated

Let 1 represent the leucocyte response
2 represent the temperature response
3 represent log(1000 x dose)

then rjo means the total correlation coefficient between
the leucooyte response and the temperature
response ( = 0,7372)

r15 means the total correlation coefficient between
the leucocyte response and 1og§1ooo x dosc)
= 0. 8288)
r25 means the total correlation coefficient between
the temperature response and log(l000 z dose)
( = 0,6686)

The partial correlst ion coefficient

ryg,3 = 112 ~ T13723
==
_ 0,7372 ~ 0,8288 x 0,6868 |
V(1 - 0,8288%) (1 ~ 0,6686°)
= 0,4400

n=42;p=0,01=-0,001; therefore the partial correlation
coefficient 1s significantly greater than zero



APPENDIX III
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Regults of experinments with Injection of Calciun Gluconate
and pyrogen.

Injection of Calcium Gluconate 2ml/k (Pyrogen frece)

Rabbit 5

No, t ot £ £° a a2
103 40 1600 1.89 3,5721 180 32400
104 15 225 0e74 0,5476 70 4900
107 14 196 0.66 0.4356 69 A761
108 10 100 0,86 0,7744 60 3600
22 10 100 0,47 0.2209 76 5776
24 10 100 1,11 1.2521 86 7596
101 5 25 1,17 1.3639 125 15625
100 34 1156 0.20 0,0400 64 4096
112 15 169 0,70 0,4900 61 3721
24 13 169  0.56 0.1296 41 1681
30 20 841 0.35 0,1225 89 7921
56 2 4 0.22 0,0484 30 900
33 8 64 0.08 0,0064 =28 784
14 0 0 0 0 '

21 15 225 0.40 0,1600 45 2025
102 30 900 0,60 0,3600 100 10000
110 10 100 0.61 0.3721 40 1600
25 15 169 0,87 0.7669 O3 B649
52 25 625 0.61 0.3721 85 17225
25 45 2025 0,69 0,4761 115 13226
113 35 1225 0,96 0,9216 115 13225
8 45 2026 0.84 0.7056 115 13225

t = time (minutes) reuired to reach maximum fall in
tenperature
f = maximun fall in temverature (C°)

d = time (ninutes) required to reach pre-injéction
temperature
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continued,

Time to reach maxirmm f£all in temperature

7t = 421 therefore mean = 20 (n=21)
Y
S(t°) = 12043 and %) = 8440

therefore variance =-1204526 8440 180.2

end standard deviation = 13.4

Fall in temper.ture
St = 14.41 therefore mean = 0.66 (n=22)

py 2
5(£?) = 15,1120 smda &) o, 4506

therefore variance = 0,18
and standard deviation = 0,42

Time to_reach pre-injection temperature
>d = 1687 therefore mean = 80 (n=21)

2
>(d%) = 162735 and (?-.ﬁ.@.) = 135522

therefore variance = 1361
and standard devition = 57
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continued,

Injection of Calciun Gluconate 2 ml/kg containinr PEEEEEI
/kEg)

L4

Rabbit o . o o
NOo tl tt“ f! ft3 d' ar= T B x X2
103 55 1225 0.48 0.2304 65 4225 1,17 1.3689 145 21025
104 23 6529 0,52 0,2704 38 1444:1,06 1,1236 93 904
107 12 144 0.51 0,7601 37 1369 1.13 1,2769 117 13589

108 O 81l 0,45 00,2025 29 841 1,89 3,5721 79 @241
22 15 925 0,32 0,1024 50 2500 1,01 1,0201 110 F00

34 14 196 0,90 0,8100 54 2916 1,00 1,0000 134 17956
101 5 26 0,27 0,0729 20 400 1,535 1,8225. 85 moog

109 10 100 0.60 0,3300 26 676 1,18 1,3924 115 13295
112 15 225 0.85 0,72S5 40 1600 1,73 2,9920 90 8100
24 16 256 0,48 0,2304 36 1296 1.02 3,3124 186 34596

30 26 676 0,22 0,0484 46 2116 1,04 1,0316 126 15876
o6 5 25 0,21 0.0441 10 100 1.60 2,5600 95 9025
33 7 49 0,46 0.2116 32 1024 0,91 0,828l ¢©9 5G4
14 B 256 0,28 0,0784 15 225 0,54 0.2916 155 24025
21 5 25 0.87 0.75692 40 1600 0,36 0,1296 g0 6400
102 5 25 0,48 0,2304 B0 2500 0,39 041521 160 25600
110 17 289 0,29 0,0841 27 729 0,94 0,8336 g7 7569
256 b 25 0417 0,0289 15 2256 1.47 2.1609 115 13225
32 6 36 0,53 0,20809 46 2116 1,37 1,8769 1B 13456
35 5 25 0,04 0,0016 25 1.17 14,3689 95 9®@b
113 8 64 0,19 0.0361 55 1089 1,909 3.9601 83 6889
8 l6 256 0,12 0,0144 36 1296 0,84 0,7056 106 11236

t' = time (minutes) required to rcach maxirmum f£all in
. temperature
' o moxirum £all in temperature (C %

d' = time (minutes) required to reach préninjection
' temperature

r = rice in tcmperature (C°)

x = tine (minutes) recuired to reach moximmm tcriper ature
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continued,

- Time to reach maxirmm £all in termperature
Zt' = 264 therefore pean = 12

Xt'%) = 4526 ana '(-Z-:T'-)zu 3168

therefore variance = 64,7 .
and standard deviation =8.,0

Fall in tcmperature
S>FT = 9,24 therefore nean = 0,42
(r'®) = 5,0774 and (Z.ﬁ_')gg 3,3808

therefore variance = 0,0570
and standard deviation = §.24

Timc to roach pre-=injection temper ature
24t = 760 thercfore mecan = 34

. o o
7(a'®) = soslz  ana - G&U)°- esses

therefore variance = 225, 9
and standard deviation = 15

—

Rise in temperaturs N
Zr = 25,96 therefore mean = 1,18

2
Ar?) = 54,8008 ma EB)° 50,6528

therefae variance = 0,20
and standard deviation = 0,45

Time to reach maximum temperature
SX = 2469 therefore neen = 1llg

12
5(x2) = 204551 ond (Z.—%) = 277089

therefore variance = 832
and standard deviation = 29
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Injection of Pyrogen 0.02ml/km,
Rebbit ‘
No, rt P12 X! Mk
103 1,05 1,10256 o8 9604
104 0,97 0, 9409 124 156376
107 1.21 1, 4641 112 12544
108 1.26 1, 6876 90 8100
22 1,15 1, 3225 149 22201 : '
541 0. 99 0.9801 100 10000 \
10
109 1,14 1, 2996 165 _”7225
112 1.19 1l.4161 105 11025
24 1,34 1,7956 100 10000
<0 1.20 1,4400 - 216 46225
36 1, 31 1,716l 120 14400
1536} 1. 21 1.4641 104 1C8le6
14 0.96  0,9216 119 14161
21 - Qe 29 0. 9801 172 20584
102 1,57 24645 100 10000
110 1,50 24 2000 100 10000
25 :
35 De 56 0. 7390 100 10000
35 l1.21 1, 4641 80 6400
113 1.1 e HA81 75 562b
3]

r' = rise in temperature (C°)

x' = time (minutes) required to reach maximum temper ature

Risc in temperature , .
>r' = 23,02 therefore mean = 1,21 (n=19)

sty 2
Zxr'z) = 28,9976 and Q%%-)lz 27. 89056

therefore variance = 0,06
and standard deviation =0.25

Time to reacp peak temperature
Z2x' = 2228 therefore mean = 117

— )
Z(x’z) = 283286 and (Z‘%") = 261263

therefore variance = 1223.6
and standard deviation = 35
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continu=4,

Effect of Injection of Calcium Gluconate, administcrcd alone
and with pyroegn, and pyrogen, on ithe Polynuclear Count,

Rabbit A B, ¢
No. x %2 x x x %2
1035 1.2 3461 58e 6 1489, 96 16,0 256,00
104 0 0 28.1 €20,01 12.% 156,25
107 1,0 1.C0 16se4 268,26 301 2068, 01
108 5.8 33.64 21,1 445,21 11,6 134, 56
22 0.5 0425 3262 1036, 84 12,9 166441
o4 0 0 29,9 094,01 21,0 441,00
101 0 0 2648 718,24 '
109 3.4 11,56 37e1 1270Ce41 173 282,29
112 1,8 3424 10,5 380,26 1844 338456
24 0 0 21.0 441,00 22.8 512,84
30 0 0 3242 1036404 26,0 676400
33 Ged 30469 35,0 1225,00 21,9 479,61
14 0 0 2064 4106.16 17,5 3064 25
21 0 0 be & 27. 04 2044 416,416
102 0 0 23,6 D5GE6 3649 1361.61
110 1,8 3¢ 24 20,2 408,04 4¢3 1178,49
25 2.4 88,36 Ze6 042,00
32 0o 0 22,9 524641 1563 260469
35 32 10,24 Be 1l 65,61 21,4 457,96
113 Cs D 0,25 20,8 432,64 224 5 506,425
8 . 2:8 7,84 18,3 B334,09

A = leucocyte responsc (degree of shift to the left)
folloving Injection of Calcium Gluconate -

B = same but with added pyrogen(0.02 ml/kg)

C = leucocyte response (degree of shift to the left)
folloving pyrogen alons (0,02 ml/kg.)
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continued,

A Injection of Caleimm Gluconate
2Xx = 42,4 therecfore mean = 1,93

2
Ekxz) = 218,92 and (%5) = B8l,72

therefore variance = 6,55
and standard deviation = 2.6

ene———

B Injection of Calcium Gluconate + pyrogen
2x = 506,7 thcrefore nean = 25,0

2
Z(x®) = 13230,73 cnd (ZI;"_;.) = 11670, 2

therefore variance = 74,3
and standard deviotion = 8.6

S ——

C Pyrogen .
fk = 415,0 therefore meon = 21.8

2
2(12) = 10102,98 and, (%-JE') =z 9064.5

therefore variance = b7, 7
and standard dcviation = 7.6

@
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_ Significance of differcnce of the various means.

Fall in temperature

ncan for Injection of Caleium Gluconate = 0,66
mean for tnjecticn of Calcium Gluconate

+ pyrogen = 0,42
. 0.24 ' e A - =4
t = 0‘547 x 0’3 = 2'555,11—-9,P=0.02 0.00
Time to reach maximum £all in temperature
mean for Injection of Calcium Gluconate = 20
rnean for Injection of Calcium Gluconate
+ pyrogen = 12

t = II"{%"B" = D.424;p=0,02=0, 05
[ ]

Duration of upset in tempcr ature

mean for Injection of Calciunm Gluconate = 80
mean for Injection of Caleium Gluconate
+ pyrogen = 34

46 5¢ 4063 D= 0,001
t=omsx073 ° e 2u05 D= Lo

'Rise'in temper ature

mean for Injection of Czalcium Gluconate = 1.18

, + pyrogen
mean for pyrogen = 1,21

These meons are obviously not significantly
different

Time to reach Peak temnerature

mean £¢2 Injection of Calcium Gluconate
+ pyrogen = 112
mean for pyrogen g | 4 = 117

These means are obviously not significantly different
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Tolerance experircnts

Tolerance in 8 rabvito

1st injection of
Proteus pyrogen

Rabbit
No. X %< - CZx
1 1.62 26244 Zx = 13,07 )= 21,1575

5 1.45 2,1025 .

6 1.39 1.9321 , 2Ax°) = u.lOuu X = 1,63
7 1,63 2,6560 | Cx)2

101 1.50 2.2500 x2) - 2X)" 0, 0458
102 2,50 6,2500 N

103 1,57 2.4649

104 1,35 1,8225

13th and 14th injections of Froteus pgrogen
%

Rabbit No. X
1 0.81 0.6561 0.81 0.,6561
b 0.86 0,796 0,67 0,4489
6 0.83 07744 0.21 10,8281
7 0.90 0,8100 0.96 0,9216
101 0486 00,7396 0.83 0,6829
102 1,13 1.2769 N.91 0,8281
103 0,90 0,8100 0,95 0. 2025
104 1. 16 10 0406 0. 89 901
Zx = 7.50 (Zx)ﬂ _’f_ 0313 ZX = 64903 \—-) 6, 0031
1x%)= 7.1522 x = 0,94 Hx2)=6,0063 " T = 0,87
2
Z(xz) - (Zx) 0.1209 sz) - (Zx___,) = 0,0032
Significance of differcnce of the meansi
mean for lst injection 163 t = 3 =080 - 4,08
rean for 1l3thinjection 0,94 ¢ . :
n=143p= 0,001
mean for lst injection 1,63 ¢ 0.76 =5.846

mean for lithinjccticn 0,87 ~  Os0 X Ue 0O
' n=14;p= 0,001

Therfore the means are significantly different
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Individual temperature responses of 3 groups of rabbits
to 3 different pyrogen preparations, administered at
dalily Intervals.

I Pseudomonas polysaccharide B7/kg.

Rabbit days \
4 5

Group
A 3 !31,28 0.84 1.22 0.77 0.70 0,65 0,89 0,81
meansl.54 O¢ 35 .

II Lipopolysaccharide from S, abortus equiO,047%/kg,

1405 1,03 0,69 0,76 0,69 0,57 0.56 0,75

33
B 49 1 33 1458 1,41 1,06 0,94 0,79 0.73 0,78
mean31,20 ‘ 0,566

III Standard pyrogen from P, vulgaris 0.02ml/kg,.

103

' 2,09 1,86 1,70 1,23 1,09 1,02 1,05 0,51
Group 110 [ 1,56 1449 0,84 0,82 0,67 0437 041 0,34
No] 49 1.56 1435 0,96 0,66 0438 0439 0,65 0,35
" meansl, 74 ' ‘ ‘ ' 0, 40

»

Temperature responses of the tolerant rabbits tc pyrogen
other than that which was used to induce tolerance,

Prdets pyrogen0, 02ml/k g Lipopolysaccharide
o 45 0.79 _Lnﬁ%e—mﬁkg)
Toup 109 0,70 | | , 0.86
A 36 0,73 (day 11) o.24 (day 12)
meanso.74 0.45
eudomonasg saccharide Proteus p
0,65 (67/kg.) 0.7 55 6§m&/kg.
Gl‘°“P 21 l 0,28 |
0,65 (day 11) Ehﬁz (day 12)
meansOs 53 : 0,68
ipopolysaccharid® Pseudomonas polysaccharide
*
¢ 4 0,74 (day 11) 8: }g (day 12)

means 0,81 0.18
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Significance of difference of the mean temperature responses
for the 3 groups of rabbits on different days.

Day 1
x , 2__1;_ :

X
Group A 0,97 0,9409 (x%) = 6,7122 end &x)2? = 5.3868
oT7 341329
l.28 11,6384 therefore variance =%§L§§§é=o.1627
4,02 5.7122 2

b 2
Group B 1,05 1,1025 Ax%) = 4,3843 and (né)a 43440

1,23 1,65129 .
1:53 1:7689 therefore variance = Qa%égég 0.0202

3. 61 4, B840

_ 2
Group G  2.09 4,3681 (x2) = 9.2353 snd &X)= 9,0480
1,56 2,4336 R ooy -
1,56 2,4336 therefore varliance = -1—5- = 0,0937

Be 21 Do 2358
Dax 8

Group A 0.08 0,0064 Ax%) = 0.6881 ma &Z)2: 0.3675
0.16 0,0256 5. 5206
0,81 0,6561 therefore variance =22329%, 0,1603
1.05 Os6831 2 |

' 2
" Group B 0.75 0,5625 =(x°) = 1.3459 and (%1),, 1,2936
0.47 0.2209
0.756 0.5625 therefore variasnce = 2:0623 . o 0262
1;95 1,3459 2

— | 2 ’
Group C 0,51 0,2601 E(xz) = 0,4982 and c%%),c 0, 4800
. 0+34 0.1156

0s35 041225  therefo 1 0.0182 _
'i:§5'5:Z§§§ erefore varliance = 5 0.0091




Group C

256

2 Day 11

X o (Zx)Q ,
0,6241 Z{(x°) = 1,6325 and ‘=='= 1,6280
0, 4900 0, 0045
0.5184 therefoer varlance = 2=y 0,0023
1. 6355 2

2 £x)° '
0,4225 Xx°) = 0,9234 and =5’ = 048321

0,4225 therefore varlances———"-—=

0, 0784 0.0915_ 0. 0457
0, 9284 2

2
0.6625 x*) = 1.9750 and (Ex) 31,9521
0. 8649 n

0:5476 thepefore variance = ...:%?_2_230.0115

1, O7EQ

Day 12

2
0,0676 Hx2) = 0,8648 sna (ZX)"= 0.6165
0. 7396

0., 0576 theprefore variance =.9:§é§§u0.1242
Q. 8648 .

continued,
X
Group A 0,79
0,70
0.72
2s 21
GI‘O\IE B 0.65
0.28
0.65
1,58
Group ¢ 0,76
0,93
0,74
2o 42
GI'OU.E A 0,26
0,86
D. 24
136
* .Group B 0.76
0,42
0,87
2.05

- 2
0. 5776 Zixz) = 1.,5026 end €§£) = 1,4008
0.1681 : n

0,7569 therefore veriance = 921018, o 0509
7. 5086 2

' 2y Cix)a
0422 0,0484 Z(x°) = 0,1014 end 7 = 0.0972

0.13 0.0169

n

0,19 0,0361° therefore variance 0. 0042 0, 0021

0.54 0.,1014

2
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continued,
t was e¢alculated for the following pairs of mean responsess

day 1 snd day 8, to show whether a significantly lower
respongse was obtained after 8 daily
injections of pyrogen.

day 1 and days 11 and 12, to show whether there was any
cross tolerance.

day 8 and days 11 and 12, to show whether there was any
difference in the degree of
cross tolerance to the different
pyrogen preparations,

t = X-=X' wherc o’j&(ﬂ)-&gﬁﬂx'2)-@%92)/(n+n'-2)'

o +il
nxn

Group At mean for day 1 =l.34 =X 5 . nt
mean for day 8z 0,35 = X' =nl =3

t= 3 400;93 == = 0.018; p = 0.02-0.05

therefore the means are significantly different

Group Bt mean for day 1 = 1.20
mean for day 8 = 0,66

£ = 0O, b4
015 x 0,82

therefore the rmeans are significantly different

= ‘1" 590; p -4 0.01"‘0. 02

GroupCt: mean for day 1 = 1,74
rneen for day 8 = 0,40

t= 1;:54‘ 82 = 7.781; P e 0’01"00001

therefore the means are significantly different

Hence o shgnificontly lower response was obtained with
all three groups of rabbits on the 8th daily injection



continued,

Giroup A:

Group B:

Group Ci

258

mean for day 1 = 1,34
mean fér dayll = 0,74

0. 60
_*
t = 5755 =068 = 20920

mean for day 1 = 1l.34
mean for 4ayll = 0,45

~ 0.89 .
t=0,38 x 0,62 2. 8063

mean for day 1 s 1,20
nean for dayll = 0,53

N 0,67 _ = 4,559;
" 0,18 x 0,82

mean for day 1 & 1,20
mean for dayl?2 = 0,68

0. B2
t = 5730 x 0,65 = o0 958

mean for day 1 = 1,74
meah fér 4ayll = 0,81

= 0.93 4,£51;
V=633 x o83 T Ferved

mean for dsy 1 = 1,74

mean for dayl2 = 0,18
1,56

t =322 x 0,82

=

0.02

0.02

.01

0, 02

0,01

0,05

0.05

0.02

0,05

0.CO1

= 8,647 p =<0.001
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continued.

Group A

Group B:

Group C:

Grcup Al
Group C¢

Group B:
Group C:

mean for day 8 = 0,35
mean for d4ayll = 0,74

= 0, 36 1,640; Oul = 0,2
t = 5735 x 0,85 = o0 =0 .

mean for dayl2 =0,45

t = 0.580;1g.82 2 0432); P= 0,7 = ©,8

mean for day 8 = 0.66
mean for dayll = 0,53

0.15
L TR 0, €0

nean for day 8 = 0,66
nean for dayl2 = 0,68

= 0;834; P = 0.4— - 0.5

here t is obviously not significant
nean for day 8 = 0.40
mean for dayll = 0,81

%t = Uh169§é%:§§ = 5.0003 p = 0,01 - 0,001

mean for day 8 = 0,40
mean for dayl2 = 0,18

0. 22 . _
t = 5g7 gz = 5+8%%; p = 0,01 - 0,02

mean for day 11 = C,74

mean for day 8 = 0,40

t= 3 080;53 = = 5.183; p = 0.01 - 0,001

mecan for day 1l = 0,53
mean for day 12 = 0,18

Q.55 - 16; 0,02 - 005
= o x ooes - 2080 P =0 o5
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continued,

Injection of ACTH 1 unit/kg,

Rabbit

No. f £ c c2
41 0.64 0,4096 21.8 475, 24
43 1,03 1,0609 16,1 269, 4
44 2,06 4,2436 Sel 4,41
45 3468 13,5424 20,8 4324 64
A 1.96 3. 8416 15,6 243, 36
02 0e53  0,2809 14,3 204, 49
46 0,73 05329 20,7 428,49
48 1,14 11,2996 0 0

49 2648 61504 29,7 882, 09
50 0.64 00,4096 25,1 630,01
27 B¢ 35 11,2225 3548 1281.64
34 2,51 6,3001 L6 876,16
112 1,31 1,7161 336 3 1108, 89
113 24693 6, 9159 306 3 218, 09
14 l.25 1.5625 34,4 1183, 36

f = maxirmum fall in temperature ( C° )

¢ = degrec of shift to the left (percentage fall in the
average number of lobes per natrophil)

Fall in tenmperature
Zf = 25,94 therefore neon =

£5, 94
15

2
H{£e?) = 59,4806 and Q%S) u 4448559

= 1,73

thercforc varlionce = D9 1836 1444'8589 =

1,GO1

~md standord doviation = 1,02

Desrce of sghifrt to the 1left
56 = 320,6 therefore nean =

529. 6 20 O
15 B oeld

2
He?) = 3923,08 and Q%El = 7242, 41

therefore varlance = 8928, 08 1&7 1 = 120,41

and standard deviation = 11.0



continued,

Injection of ACTH 1 unit /kg with pyrogen 0,06ml/k:

Rabbit o o

Yo, £' £ p r2 0t ot c! e??

41 0,11 0,0121 2.28 5.1984 180 32400 32,6 1062, 76
43 0,50 0,2500 2,11 4,4521 235 55225 31.9 1017.61
44 0,08 0,00642,21 4.8841 165 27225 40,1 1608.01
45 2,11 4.4521 0,59 0,348l 235 55225 44,0 1936. 00
A 0,15 0,0225 1,53 2,3409 145 21025 40.2 1616. 04
42 0 O 1,86 3.4596 185 34225 36,3 1317.69
46 0,06 0,0036 2,02 4.0804 125 15625 27,9 778,41
48 0433 0,1080 1.58 2,4964 155 24025 373  1391.29
49 2,35.5.5225 0 O 29 778,41
50 0 0O 2,20 4,8400 195 38025 35,5 . 1260, 25
97 0,52 0,2704 1,20 1.4400 195 38025 42,2 1780.84
34 0,43 0.1849 1,44 2,0736 135 18225 33.3 1108, 89
112 0.17 0,0289 2,08 4.3264 165 27235 35,9 1288,81
113 0 0 2,59 647081 195 38025 40,0 1600, 00
14 0,56 0,3136 1,16 113456 195 370F 19.7  388.09

£ = maxirun foll in temperature
r = naximn rise in tcmperature
t = tinme (minutes) required to reach maximum temperature

¢' = degrec of shift to the left (percentage fall in average
, nunmber of lobes per neytrophil)

Fall in Terperaturs
2P = 7,37 thereiore riecan =

Ta 37

15
2

—

S(£'?) = 11,1759 ond Q§§_) = 3,6211

14 :

- O. ‘,}-9

. therefore variance o

and gtondord deviaticn = Q.73
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continued,

Rise in temperature 24 BT

3r = 24,65 thorefore rcan = :iigﬂ= 1,66
2

Z(I"?’) = 47,9937 cnd %I‘_) = 41,1681 -

therefore varlance = 47 9957 TA41&1Q§1 = 0,4875

1
ond gtond=rd deviation = O.?O‘

Time to reach peak temperature

Zt = 2005 thercfors menn = S22 4 179
2) 460595 a=md @5)2 14 -
Z(t l! ACLO25 ond = 445216

thercfere variasneo = 1100.7

and otandard deviation = 30
(n = 14 Vbecausc in cnc instanco therc was no peak)

Desree of shift to the leoft —_
Zc! = 521,8 therefore roon = iﬁigi z 35,0
[

Sm?
:Z(c‘g) = 1090835,1C and Qé%~)= 18561407
therefore varionce = 40,86

and stoandarddeviation = 6.4
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continued,

Injection of Pyrogen (0,06ml/kg)

Rabbit 5 5 2
No. r' r! t! ¢! X x
41 1,46 2.13167 100 10000 472 2227.84
43 2.13 4,5369 100 10000 39,7 1576,09

44 le72 2,9584 ~ 80 6400 41,0 1681,00
45 1,61 2,5921 80 6400 377 1421,29
A 1,42 2,0164 100 10000 3845 1482,25
42 2,72 7,3984 145 21025 29,9 89,01

46 1,77 341329 75 5625 25,8 665,64
48 1.86 3.4596 7S5 5626 26,1 1303,21
49 1.84 3,3856 185 34225 3243 1043,29
80 1,60 2,5600 96 9025 38s 2 1459, 24
27 1,38 1,9044 80 6400 40,6 1648, 36
34 1,39 1,9321 100 10000 370 1369, 00
112 1.62 2.6244 80 6400 39,9 1592,01

113 1,49 2,2201 100 10000 44,6 1989,16
14 1,43 2,0449 100 10000 47,3 223729

r' = maximum rise in temperature
t' = time (minutes( required to reach maximum temperature

x = degrece of chift to the lcft (percentage fall in the
. average number of lobes per neutrophil)
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continuad,

Bise ia tommerature o5, 44
eV & 20,44 thercfore meon = S222%5 o 1,70

5 16
b Y
Ar'?) = 44,0078  and (ag-) = 4341462

thzrefore varianes = 00,1250

and stondaord dsviatidn = 0038

Time to reach peak tcmnaeratura

1405

ST = 1455 thereiore noaﬁ = =2 = 100
— ' (%]

At'?) = 161125  and CZ§~) = 142001,7
thercfore variance = 8659

and standard deviation = 20

Dores of hift to the loft _

pogt LYy " —f? 5(508

72X = HTHL 8 thercfore ncan = 15 = 38,4

_ \2
x®) = 22529,68 and Q%K) = 22103, 04
7oA L pod

therefore varionee = G176

and standard deviation = 5.9
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Results of experiments with ACTH and pyrogen.

Injection of ACTH lunit/kg,

Rabbit - 9
NO, f £ e c
21 2,97 e 8209 26,9 723,61
8 0,76 0. 60C4 11,0 121,00
24 1,62 2. 6569 237 £61.69
25 , 1,56 204356 15,7 246449
6 3,67 13,4689 34,1 1162.81
42 1,24 1,5376 15,9 2524 81
34 1,07 1,1449 224 9 524,41
27 1,24 1.0376 12,0 361.00
113 1,47 2. 1608 29,7 £82,09
oY) 0o 97 D, 0409 266 5 702420
1la 3,18 10,1124 17,5 306425
2a l.2¢ 1. 5625 14,8 210,04
3a 3e HE 12,0328 2Te4d 750476
4a 2410 4,7201 Q7¢4  TECLT6
Ba 1,92 2, 6864 1G5 2724 25

£ = maximum fall in temperature (C )

] ‘ pbrcentagv fall in

¢ = degree cf shifd to the left (average number of lobes
per ncutrophil

Fall in tcmpermture :
ZFf w»w 28,060 thercfore meon = 28&29 = 1,91

Z(£°) = 63,0705 ond %—Qa 54 6744

thercefore varisnce = 0O. 9196
and standard daiation = C.0Y

Desrroe of shift to the left
SC = 339, 0 therefore rican = 21,9

S{e®) = 837,22 end (?;-) = 7216, 07

therefore variance = 44,97
and standard deviation = 6,7




continued,

Injection of ACTH 1

266

Rabbit

unit /kg with pyrogen 0.02ml/kg

No. £ 2 p P2 g g2 g ct?
21 0e49 Cu2401 1,02 1,0404 1385 34225 J4406 1197,16
3 0.85 0,7225 1,17 1,3639 185 842256 42,5 18C6,25
24 028 00,0784 0,18 20,0024 205 42025 20,3 91g,09
25 1,74 3,0276 0,58 00,3764 325 105625 36,7 1345,89.
36 2608 4,9264 0432 00,1024 305 S3025 DHe2 123%2,04
42 0,40 0.,1600 1.51 2.22801 135 18225 34,0 1156,00
34 071 0.5041 0,42 00,2401 =235 55225 40,0 18600,00
2 1.18 1.3924 © 0 0] 0 27«0 1369,00
115 0026 0.0376 1.22 1.4884 205 42025 37.9 1391,29
33 1s71 2.0241 O 0 0 0 37e 2 1282.834
la Oed4d CelC38 1.62 2.62844 175 303825 JTiL.9D 1186,00
2a 0,11 0,0121 1,59 2,.5281 115 13225 27.6 761,76
3a 043 0,1242 1,46 2.1715 145 21083 3240 1062,76
da 0.50 0,200 0,89 0,792) 145 21025 26,9 723,61
S5a Ce D3 043354 1410 1,2100 145 €1025 34,6 1127,16
£' = maxirun fall in tcmperature
* = maxirmun rise in tempcrature
t = tirme (minutes) required to reccch maxmium terpe ature
c¢' = degree of chift to the left( perccntage £all in the

average number of lobes pcrneutrophil)
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continued,

Fall in temperature

STY = 11,76 therefore mean = 0,78
o

§If'“) = 14,4202 and Q;%l) = 9,2100

P

therefore varionce = 0,371H
and standard deviation = Q.61

Riece in termer ature
Sr = 1I,10 heraetore niean = 0,89

L]

“)
2(r?) = 16,1753 eand ?g )g 11,5232
therafors variance = 0.3319
and standard dovliation = 0,53

Time_to recach peak tomnerntuwe 0505
>t = 2000 therofore 1io = 'i’ = 183
n=17% because thero arc two negative results, and in the
casze of 'time to rench peck temperature'a ncgative
regull hag ne merning or it means that an infinitely
long time was requlred to reach a peak, and beeause
of thiz difficulty they are excluded from the
calcul-~tion, cven thoagh the corvegpondling negcative
result for thz risc in temperature im included)
0

21t%) = 551520 ond %33) = 432604

3

therefore variance = 4068.5
and stondard deviation = 64

De"r"o of shift to the lafit
6" = 520.5 therefor: ri.an = B4

>(c'?) = 18308.,85 ond (..Z%'.) = 18081, 35

therefore varionce = 17,068
and standard deviation = 4.2

————



268

continued,

Injection of Pyrogen (0.02ml/kg)

Rabbit 9 .

No, ! rt tt  tre x x2

AR 1,01 1,0201 85 7226 5603 131769
e 1.38 1,8044 ab  <efpHh 3640 1286,00
24 1,92 3.6864 215 46225 324 1049,76
25 1.30 11,6900 85 172256 31,0 961,00
36 2. 37 5,6169 6L 4225 40,0 1800,00
42 l.41 1,9821 10010000 31.6 998,56
34 l1.71 2.9241 150 22500 18,8 353,44
27 1,69 3,5721 210 44100 DeT 660,49
113 1.48 2,1904 80 6400 26,8 718.24
33 le24 1,8376 100 10CCO D242 492484
1a l.47 2,1609 70 4900 O2,7 1069, 29
Sa l.64 2,6826 170 22000 3.6 1412, 75
3a 1,34 1,7956 90 8100 39,4 15562, 36
4a 1e75 2.0325 210 44100 587 124669
ba 1.25 1,565 90 8100 3868 150H4 44

rax irman
r!' = risc intenperature

t' = time (minutes) required to reach maximm tempaature

X = degree of phift to the left( prcentage fall in the
averags number of locbes per neutrophil)
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continucd,
k:Lse in temparature R
ST = 23,16 therefore moon = 1, 64

STt 2
Zfr'z) s 07,4013 and QZE) = 25,7500

therefore voriones = 01173
ond standard devaltl on = 0,34

Time to raach peak tomperature
2%t = 1515  thorefore rcan = 121

. |
') = 261025  and G;%i) = 219616

therefore varisnce = 2908

L

and standard deviation = b4

§

Depree of ghift to the left
S o= 4835,0 thercfore meon = 3%,0

2
S(x°) = 165:5.76 cond Ex)" = 16746440
n

therefore vorionco = 42.10
and standard deviation = 5.5
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Simificance of differcnecs of ths various means

Grecup A (pyrogcen doss: 0.06m1/ks

Fall in tecmperature

meemn £or ACTH B £
mzan for ACTH + pyrogen 0,49

t = 5770 = (15. 77 = 22760;1=08;p=<0, 001

Rise in tormerature

meon for ACTII + nyrogen 1l.66
ipean for pyroscn 1,70
0, 04

- = 0,106 = o
= 0o Y 0.0 C )& 30=0, 8=0,9

Deproe of éuft to the lofi :
Crean ror ACTH 220
rean for ACTH + pyrogen 35,0

154 O -
Ve 70z 0,57 = S5:8045p=<0.C01

neen for ACTH + pyrogen 35.
ncan for pryrogen a3

B2
"G - b.l ;{ ab? =t 3.506;1):0.1 - O.2

Tirnes to reach peak termaoratures
1.can for ACTH + pyrogen 179
rican for pyrogen 100

8 6,822 p=<0s001

79

t= 'DICE X 6.3:
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continued,

Group B (pyrogen doses O.02ml/kg)

Fall in tericrture

rican £ ACTI 1.91
mean for ACTI + pyrogen 0,78
1' 11.)

t = 0.81 X O, 57 = 0‘770 n==28,,‘p-<0.001

Kice in tenmporature

rican for ACTI + prrogonl.88
nean for pyrogen l.54

t = goptiegy = 8a795;p=<0,001
Degree of shift th thc left

mzcan Yor ACTiI 21.9
menn for ACTH + pyrogen 5467
o
t e T i06?57 = 6, 1783p=<0, 001
nean for ACTH + pyrogenl4d, 7
rican for pyross O2e
2.5

]
t I :
=

T g7 =Le150;p=0, -0,

Tinc to rench penk teormeraturas
nean ifor ACTH + pyfoucn 103
meon for pyrogen 121

- ._./JT‘QI\-‘0.0I Lol 00001

. 7

L &= T
L8e ¥

i (V]

O. 28

Grcuvs A ond B

I'all in tormerature

rieon for ACTIN+DITOLC 20.06;0.49
nean for ACTiH+pyrogen(0,02)0,78
Qe 29 - 0= (). %
b= GoET oD - niT0ip=0.220,5
Tins te reacsh penk termeratures
reon for ACTH+pyroger €0.063179
nean for ACIT+pyrogen(0602)193

14 ..
t = 57 5 ooos = 2e8803p=041-0,2




