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POREWORD .

HOTE OF ACKNOWLENGMENT.

In certein of the experiments, viz, those of Series L

Section I where the writer was the subject of the experiments,
it was necessary to have the sphygmomenometer readings of
blood pressure taken dy others who are named in the appropriste
hesdings of the Tebles. | The enalysis of Table 28 vhorayfho
writer was sgain the subject of the experiment was done by
Mr A.D.Husband, Assistant Biochemist, Craibstone Nutrition
 Inat1tnto. To these workers who were not interested in the
vresoarch the writer 1s indebted for assistence given, often
at the expense of considersble ﬁimeAanﬁ inconvenience to

.. themselves. |

Thanks ere 8lso due to Professor MeoWilliam of the

"%‘“ﬁ%‘univtrszty Aberdeen, who kindly loaned apparatus and set auiaofffi
"% esnvenient room for the work on blood pressure. | ;
. Bpecial acknavledgmenf is due to the Physiology
Department of Glasgow University, where the first part of
the work of’$i§%£§n xI’ﬁna done, sand where the writer
received the stimulus that led’ %o this, end indeed to what-

" sver other research work he has attempted.
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- THE INFLUBNCE OF IHCREASED WATER INGESTION
O THE BLOOD PRESSURE.

NTRODUCTION .

The 'innume of water drinking has been doait
with in & voluminous literature which may be roughly |
divided into two seotions, (1) that dealing with the
therapsutic velue of minersl weters, and (2) that doa:u.hg
with the physiological effects of water either mineral
or plai#. The first aactiox\a which may be termed the
Spa literature is very extensive. Unfortunately much
of it deals with theoretical assumption rather thanm
precise fact. The most reliable data are ﬁho results
‘of the analyses of the various waters and these afford
little support for the rather extravagant claims nmtiino:
gut forward on behalf of the waters.

~ The therapeutic efficacy of minersl waters
has been atiributed to various sslts or gases in solution,
to the heat of the water itself or in recent years to the
presence of radiamm. .It is within the powers of the
pharmacist to impart any of these physical charscteristiocs
to ordinary rain water. But thers seems to be an
’hp:@saipn not always confined to the layman that the
special therspeutic value of minersl waters lies in
aomthii:gwimpom:gble and eluéive that excapes the
analyst/
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. analyst. ; |

In‘spito of the unsatisfactory nature of the
litersture, it muat be sdmitted however that the value
of "water cures” ia many cases of disordered metabolism
such as dyspepsia, gout, and "ghronic rheumatiom™ and
their frequent rejuvenescent effect on those paat middle
age appears to be a well aztabliahad eapirical faot.
The influence of suggestion and of the various dietetic
‘and hygenic measures which are inoluded in Spa treatment
undoubtedly play a part, probably the most important ,
part in the "cure.” But in addition there is evidently
avéeiinite curative effeect due to the waters themaelves
Van Noorden (1907) and others.

The physiological effecis of water drinking
have frequently been investigated by exact ﬁatkod:.
Ap’ this thesis desls only with certain chmmges produced
in the blood pressurs and with the metabolism of . .
protein in so for as it throws 1ight upon thess changes,
1t is sufficient here to give a brief indication of the
pature of previous work done with reference to the - |
circuletory system and the metabolism of protein. Several

investigations are referred to in greater detail later.
Most of the work done on the effect of water

ingeation on the circulatory system has been to ‘dstermine

the effects of water ingestion on the molecular concentrat-

T

\ ion and hsemeglobin and red eell content of the blood.
Jones/
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Jones (1887) found that the ingestion of water csused &
811 in the specific gravity within a fow minutes. After
three or four hours it returned to the normal level.
Continued copious water drinking appesrs to be without any
permanent effeot on the molecular eoncentration of the

blood, Stranss (1904)_, though Graube (1904) found an in-

crease in the dry residue, the ash and the osmotie tension

after prolonged drinking of either plain or mineral water,
There 18 no reference to any worker having found in a
ncrrzxésl embfset sny permanent decrease in the molsculsr . . :
concentration of the blood to follow inoressed water
ingestion. | . ,,

The influence of chalybeate snd arsenical walers
in incressing the haemoglobin and erythooytes in the blood
~ has been the subject of freruent investigations. 'Both
waters produce hsemopoiesis Van Noorden (l.0.) 2.

Less sttention has been peid to the affeeta of
plain water. Leichtenstern (1878) however found thet
- drinking large quentities of plsin water on thrée
guccesaive days prodused no merked ohsmgg in the haem- fal
iglobin am’ﬁmtl of the blood. |

| Very little dats is available on the effects
of water Arinking on the blood pressure. Glax (1897)
noted an immediate rise in blood pressure on drinking
cold water amd a fall 'on drinking hot water. Hay (1882)

by/




by strong saline cathartics removed water from the blood
and found "gontrary to expectations"” a marked rise in
blood prosauﬂ as shown by sphymographic tracings. \
Benedict and Carpemter (1918) in the course of an mqni:y
into the inﬂmee of water drinking on the energy
exchange took a few resdings of bleod pressure and osme
to the conolusion that mo significent chenge was produssd
by the ingestion of water. The time of the obsemua‘ﬁ
rolativo to the drinking c¢f the water is mot. rooeraod. _
' They were presumably takan on the day on which the water
was drank. Such fragmentary information is 211 that
seems to be available on the influence of water drinking
on the blaod preasure.

%ith regard to the influence of water on the
metabolism of protein many observatibna ha?re been made
on the effeota of water in the output of n}.t:ogen in thc
urine. There is almost unsnimous agresment that if
water be freely given to an enimel in nitrogenous |
equilibrium, the consequent diuresis is accompanied bf
an inorcand excretion of nitrcgen.v' As %o whether this
increaged nitragen signifies a acra mechanical flaahing -
‘out of waste praduet: or an accolerated catabonm of -
protein, opinion has been sharply divided. The fomnr‘
view is held by Von Noordem {1.c.)3 and the latter by
Vois/ ' |
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Voit (1850) and others.

Fowler and Hewke (1910) nnﬁertook an investigation
and eitgnﬂad the field of observation to include creatinin
and crestinine. They i’ow;l that the =ddition of ithree
litres of water per day led to the appearsnce in the
urine of a considerable amount of creatine. This output
. of creatine was regarded as " evidence thati the watler had
csused a psrtisl muscular Aiiintogration resulting in the .
release of oreatine but not prefomd' enough to yield the
total nitrogen content of the muscles. Their gensral
conclusion was that the drinking of large smcunts of
water with mesls wes attended by meny desirsble and by ‘
no undesirable fostures. |

THE PRESENT RESEARCH.

 'The invastigatian recorded here erigmatea 13
the Physielogical Department of Glasgow University in -.;,vw o
research wadertsken by Dr. Burns and the writer at the .
suggestion ot ?ra{feuér Cathoart to ascertain whether s
i held by Fowler and Hawke {l.e.) the drinking of water
can csuse the removal of creatine from muscular tissues
without the total catabolism of the muscle. Thus started
. the invuugatians on the sffects of water drinking were
extended, |
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"tztenﬁo& by tho writer to the ocirculatory aystem.

This thaais deals with certain changes predanoﬂ
oen blood presaure whioh appesr to be of considerable
impartance in olinieal medicine. Other work is doazt

with here only $n so far ss it affords some ezplanaticn
of the dhansal.

ISFLURNCE OF WATER INGESTION ON THE

BLOOD PRESSURR
METHODS

In eagh experiment & number af rnadings of thc
systolis and dimesteliec blood pressure were teken in a
preliminary control pericd of two or three daye. During
this period the subjeot neither curtailed nor inoreased

his water congumption, so that the ususl amount was

taken and the resdings obtained under these conditions
mey b regerded ss normel readinges for the subject. Then
on one or more days & memsured amount of water wes takem.
Sometimes the amount was all drunk within e limited peried.
At other times the drinking was spfaaa over the day
helf a litre or so being drunk at intervals. Oa the
following deys on which the resdings woere oontinued the
isual smount of water was taken o8 1n¢tho preliminery
~gontrol p‘riad. Each experiment therefore consists of
three/
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three periods which are indicated in the text as " pre
iﬁter " vatsr L and " post water ". |
Throughout all ths experiments ordinary tap
water was used. In the last three ex?arinents of Series A
the water was heated to 30° to 35 before being drunk;
In all the other experiments water was taken as drawn
from the t#p without previous heating. In~axﬁeriments
1 to 6 of Series A a fixed diet was masintained throughout
the experimental periods. In the other experiments, at.
corresponiing msals which were taken at the ssme hour of
the dsy, the nature of the food was kept constant bnt.tht’
amount wasg not weighed. The hours of taking the readings
were adhered to throughout each experiment. This was'
considered of some importance as there appeared to be
evidence of a diurnal variatioﬁ in blood pressures. The
subjeots of the experiments were engaged in laboratory
work. To eliminate the effects of previous exercise
the subject was allowed to lie for 15 minutes before
resdings were taken. The readings were taken with the”
subjeect lying on a bed in a room which was reserved
for the work ani was eogveniently situsted in a part eof .
the building little acoeasible to external moises. |
The instrument used was & Riva-Rocei with am
Oliver mcrew compressor which allews a fine adjnstment.
Sha aaﬁitcry method first suggested by Korotkoff (19086)

was/
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wan'nsaé‘thranghout. The aeeurécy of this method has
been conclusively demonstrated by Macwillism, Helvin
and Yurrasy (1914).

In a2 few of the experiments recorded there is
8 gap in the records. On these occasions for resnsons not
connected with ths experimentsl work it was impossible

fef readings to be taken.

RESULTS .

To aveid encumbering the text with long tables
the complete records of the readings are given in an
appendix, The aversge readings of the pre water, water
~ and post water days are given hers. The figures indicats

millimetres mercury.

S ERIES A.

Sudject J.B.0. 8ge exper. l. 33. exper.,a-é; 38,
Oeoupation prior to exper. 1 resesrch worker. Betwsea
exper. 1 and 2 military service. Circulatory and remal

systeme normal.

BXPERIMENT 1  June 1914.

Readings were taken by Dir. lurray. ‘The subject
was on 2 constant low protein diet. On each of three
dsys three litres of water were drunk throaghogt the course
of the day between 9 as.m. amd 4.30 p.a. Readings were
taken/
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taken 8t 9 s.m. 20d 8t 5 pems O readings were taken

on sscond water day.

TABLE 1.

Ho.of Ho.of Pulse
4ays. Resdings. 3ystalgc. Disstolis .Pressure.

Pre water 1 2 109 69 - 40
- Water & 4 106 66 40
. Popt water 1 1 102 68 34.

EXPERIMENT 2 April 1919.

Readings by J.R.Hewitt B.Sc. {Agr.) Research
‘Student. Om the one water day three litres were drunk
between 10.25 s.m. and 12.5 p.m. Resdings taken at |
30 8eme, 12.30 peme, 3 peme, 803 4440 peme

TABLE 2.

Eo.efy Ho.of Pulge _

daya. Resdings. Systolie. Biastelic. Press. Pulse
Prc water 3 iz 118.7 71.0 47.7 76.2
Water 1 " 116.0 73.0  43.0 73.0
Post water 1 4 115.8 72.75 42,76. T2.76

BXPERIMENT 3 April 1919,

Readings by A. Taylor. On each water day three
litres were drunk throughout the course of the day from
9 seme t0 4 pam. Readings tazen at 12 noon and 4 p.de
Resd ings/ |
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Readings were not taken at 4lp.m. on lest water day. No
resdings were tekon on first post weter day. The two

- post water days referred to are the mecond and third dsys.

Ho.0f HNo.of - Pulse

daye Readings. Systolio. Diastolisc. Press. Pulse
Pre water 1 2 113 68,6 44,5 - T4
Water 3 5 114.8 67.8 47.6 ?5.5"

Post water 2 4 99.5 68.6 37.0 71.88

EXPERIMENT 4. Moy 1918,

Readinga as exper.d. The axperimgnt was token
immediately after experiment 3 so that only five days
elapsed hetwesn the water day of exper.3 and the water day
ot this exporiment. 24 litres wors taken between 10.503;u.
and 12.156 p.ms Resdings were taken at 10.30 a.m., 12 noon
and 4 é.m. @3@ 4 peme vording on the second post water
day wes not taken.

| TABLE 4.

g:}:? vxggégién. Systelio. Disstolic g:ﬁﬁ:. Pulse
Pre weter 2 B 6 109.56 8342 48,3 78
Weter 1 3 108, 6 64:3 44,3 T

 Poat weter 2 5 101.6 59.6 42,0 70



EBXPHERIMENT & June 1919.

Readings by Dr.Melvin. On esch of the two water
days two litres of water were taken on the first day
between 3 p.m. and 5 peme., onvthe gecond day between .

10 a.me. and 12 noon. ﬁe&dings were taken at 12.30 p.m.
anét 4 peme No readings were tsken on the first and |
second poal water days. The figures given for post
water refer to the third and fourth post water days. .

PARLE b&.
Ho.0f Ho.of Pulse
‘days. . Readings. Systolie. Diastello. Press, Pulse
Pre water 3 3 110.2 62.8 47.4 72,75
Water 2 4 104.25 54.0 50.25 67.6

Post water 2 4 104,75 57.25 47.5 %3

EXPERIMENT 6 Auguet 1919.

Resdings by Dr. Xinloch. Subject was on a
constent high protein diet. On one water dsy three
litres of water were taken between 1 p.m. 2nd 5 p.m.
Readings were taken at 9 a.m. before the first mesl, at
1 peme znd at & p.n. RHReadings were not taken at 5 pem.
on the first pre water day nor at 5 p.m. on the third
post water day.

. TABLE 8.

Ho.of
days /



AR L R Ch A

T Rl AT

TABLE 6.
. Ho.0f No.of " Pulse -
deys. Readings. Systolic. Maataue. Press. Pulse
Pre woter 2 & - }09.6 58.4 5l.2  69.6
Water 1 3 - 109.3  60.0  49.3 68,3
Post water 3 8 107.5 56.4 51 2.0
|  SBRIES B.

subject J.R.H. age 31. Oocupation prior teo iﬂl‘! '
University Leoturer. 1917-1% military service. Circulatery
snd rensl systems normal. | -

EXPERIMERT 1 _March 1919,

On aaeh of t}u'es water days two litres of water
were taken between 11 s.m. 2nd 3 p.m. Readings were um
at 11 a.m. and 3.30 p.m. Ko readings were taken after the
11 s.m. reading on the third water day until the 3.30 pem,
reading on the third poat water day. | |

" PABLE ¥.
Ho.o0f. No.of ' Pulse
days. Readings. %ynt.elio. Dizstelic. Pressure.
Pre water |
2 4 111.85 70.75 40.75
Hater '
5 11CG.6 67.8 42,8
Post water _
5 108.0 62.40 45.60
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Lo EXPARIMENT 2  April 1919.

. On the water day three litres of water were
“bakm betwaen 12.30 pems, and 3 p.m. Readings were tsken

e

x} g@ 1G &’m.' 12'33 Peille, and 4.30 Pelile

TABLE 8. 4
No.of Ko.of ' Pulse
I ‘ days. Readings. Systolic. Diasstolic. Pressure.
{ L Pre water 2 8 110.6.  71.0 39.6
;,  Water 1 4 112.256 73.50 38.75
<’ Post water 1 4 108, 5 70.0 38.50

i

(3

BXPRRIMERT 3 June 1919.

Resdings by Dr. Melvin, Leaﬁu'er in Experimental
Physiology University, Aberldean. On the water day three
litres were taken 'Eetween 9 a.me and 11.30 a.m. and 1.6 |
litres were taken on the previous evening beitween 6 p.m.
and 7 pem. Resdings taken at 12 noon snd 4.30 p.m. BHo
readings were taken on the first and second post water
days. The figures given refer to the third =snd fourth
post water days. '

PABLE 9. _
‘Ho.of Ho.of Pulse
days. Resdings. Systolie. Disstolic. Press. Pulse.
Pre water 2 4 165 63,85 41.75 58,0
Water 1 5 106 65.50  40.50 58.0

‘Postwater 2 2 4 108.5 61.20  41.25 51.5
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SERIRBRS o.

Snbjoet JeleHeI. age 21. Ocoupztion prior
to 1916 student. 1916-19 militery service. Ho
 abaormality detected in circulatory or rensl systems.

BAPERIMENT 1 Hsy 1919.

Ou the water day three liires were taken
between 10.40 &.m. 8nd 2 p.m. Readings were teken at

10 e.m. 12 noon and 4 p.m.

Ho.0f JNo.of | pulse |

days. Readings. 3ystolic. Diasstolic. Press. Pulse.
Pre water 2 = 6 124.3 7¢.2  50.10 62.2
Water 1 3 125.3 74.0  51.30 61.0

Post water 1 3 125.3 . 67.0  58.20 60.0
. EXPERIMENT 2 June 1919.

On the water day four litres were teken between
10.45 a.m. and 3.40 p.m. Readings were teken at 12 noom
and 4 P+-m. Ho remdings were taken at 4 p.m. on the

second post water day.

No.of Ho.of . Pulse
Gays. Readings. Syatolic. Diastolic. Press. Pulze.

Pre water 3 6 121.3 68.1 . 53.2 62.0
Water/ -

L
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TABLE 11l.
Ho.0f Ho.of Pulse
' days. Readings. Systelle. Disatolic. Press. Pulse.
Water 1 2 120.5 69.0 51.5 66.0
Post water 2 3 1 65.3  52.4 60.0

EXPERIMENT 3  Juns 1919.

On the first water day four litres were takdh
betwesn iﬂ.zc 8eme 8RA 3410 pemne On the gecond water
daﬁ two litres were taken betwean 10.15 a.m. and 10.30 8.mMm.
Readings were takan‘ﬁt 12 noon and 4 p.m. Only the lz'noon
readings were taken on the first pre water'days and neo
read ings were taken on the second post water day. The three |
post water daye refexred to are therefore the third, fourth
and f£ifth.

TABLE 12.
Ho.of Ho.of } ' Pulse
days. Readings. Systolic. Diastolic. Press. Prulse.
Pro water 3 6 - 120.9 T 67.8 53.1 60.2
Water 2 4 ' 119.5 60.5 9.0 86-6
'1st Post water 1 1 117.0 55.0 62.0  60.0
345" " 3 6 119.8 . 65.C | 54.8 61.7

SERIES D.

Subject/



*

Subject F.%.l. (American soldier) sge 30.
Ocoupation priot to 1917 farmer. 191719 militery
serviee. This subject wzs powerfully duilt and inclined
to corpulency. He was & very heavy mest eater. He had
besn rejected for whele life insurance in 1817 on account
of high blocd pressure but was accepied at ordinary rate
for & 20 yeara' policy. He stated that his urine hsd
been repeatedly examihed for signs of renal disease but
nothing abnormal had been detected. A clinicsl examination
wes being srranged but unfortnnsately the subject was
recalled unexpeciedly for embarkation before 1t'took place.

BEPERIMENT 1. April 191S.

On the water day three litres of water were
taken between 12.30 pee SBA 3.10 pem. Readings wers
men at 10’3-3., 12430 Paliie, 3 Ppemme 8N4 44,30 Pelle

TAELE 13.
H0.0f No.of Palse
deys. Readings. Systolioc. Disstolic. Press. Pulse.
Pre water 2 6 137.0 82.6 Di.4 61.5
Water s SR 136.3  88.0 48.3 56

‘pPost water 1 - 3 137.3 84.0 53.3  $0.3

EXPERISENT £ Msy 1919.

On the first water day one litre was tsken

between 10 a.m. and 12 noon. On the second water day three

litrea/




19.
litres were taken between 10 g.m. azid 1 pem. and on the
third dsy three litres were taoken between 12 moon and
1.15 p.m. Readings were tsken st 10 Some, 12.30 Pem. znd

4 Pelte The 4 pem. reading on the sscond post water day

‘wog not taken.

TABLE l4.
Ho.0f KNo.of Pulase
days. Readiags. Systolic. Diastolic. Press. ?Pulse
Pre water 3 8 135.1 73.5 61.6 66.6
wWater 3 9 C 133.9 7%.8 . 86,1 69.6

Post water 2 5 : 131.0 75.8 Bb.2 67.2

BXPRRIMENT 3. Mey 1919,

On the water day six litres were taken between

12 noon and 5 p.m. Readings were taken at 12.30.p.m. and

‘ Peflis
PARLE 186. '
Ho. of HNo.of . Pulse
daye. Reedings. Systolic. Diastolic. Press. Pulse
Pre water 2 4 130.7 79 53.7 64.5
Water 1 2 131.0 7 54.0 605

Poat woter 2 4 126.0 - T2.25 53.78 64.5

As the volume of the blood ig a physical factor
increasing the blood preassure it is necessary before

discussing/
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di soussing the ras&lté obtalned, to ascertain to what |
extent the volume of the blood is lnoressed by the
inereésad ingestion of water. To that end several
experiments were done to determine (1) how long the
additionanl water takes to pass through the gyastem, and
{2) to whati extent dilution of the blood occurs during
the passage of the wnter through the circulatory system.
EXPERIMENTS TO DETERYINE HOW IO0BG TEE Y’?Am TAXES
70 _PAS3 THROUGH THE SYSTEM.

Several observations were made. As the results
sre foirly uniform it is sufficient to give the date of
- one experimonf. vi?he subject was J.B.0s that of series A.
On three pre water days during which the water intake was
mﬁntmnad two hourly m;l'aoti'ons of urine were made
between 9 nem. &nd 5 p.m. and 2 single collection from
5 p.m..tc‘ 9 Qam. On the last pre water day a further
two hourly oollection 6 p.m. to 7 p.m. was made. On thé ‘
water day three litres of water were taken between -
10.30 8.m. 2nd 12 ncon and fha two hourly occllection was
continued. The results are g_iien in Table 16.

TABLE/



TABLE 16

Reto of exoretion of

9 3%  3i-i 1 =3 B = E=% 7«8

8oMaBeile GolsPolle DolleDellla TalleP Mo Pelloepoite pomod.m, Total

after B p.n, by which time all the extra water taken

,i  ite ingestion.

THE BLOOD AS SHOWN BY THE BARHMOGLOBIN ABD

of Series A., snd J.R.B. subject of Series B,

IXTBRIMERD I

~during the course of the day.

b2 850 1380 2281 ‘
b wator __75 175 206 108 805 1260 i
; 95 131 202 202 240 _ 830 1700 I

uster _ 156 1347 1607 640 _128 9156 4856 3 3‘,&;’5

4t water_ %8 7B BEQ o - - e

| Average

on the water day there was n» increased diuresis
between 10,36 =.m. and 12 noon had been recovered in the

%’ Diuresis ie evidently yrompt and effifient. The.
excese water 18 eliminated within four or fivs hours of
RYPERIMENTS §0 DITERUING THE DEGREE OF DILUTION OF

Several experiments were doms on J.B.0. subject

Subject J.B.7. Three litres of water wers taken
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TABEE 17,

11 a.m. 330 peme.
Bo. Red cells Hb. Red ¢alls
Pre water day 95 §,000,000 95 5,277,000
1st water day 90 4,966,000 90 4,828,000
gad " " 100(?) 4,260,000 . 90 4,200,000
Zra " " 90 4,933,000 = eeccmmmmwm——— .

June 1914.

EXPERIMENT 2

Suhject deBaCo

Three litres of water were drunk

during the course of the day.

Pre water day
iﬁt water dsy
3rdb5 ;. n

1st Post water dsy

EXPERIMENT 3  August 1919.

.94

TABLE 18.

Hb.. .
92

86
88

Subject J.B.O.

1) a.m.

Red cells

5,240,000

5,100,000

3,430,000
4,600,000

Hp.,

92
92
86

S peme

Red celils
5,080,000
4,200,600
3,980,000

- > e B

Three litres of water were drunk

between 1 pem. and 5 p.m. on water day.

TABLE/
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TABLE 19.
10.45 a.m. 5 p.m.‘
Eb. Red vcolln Hb.- Red cells.
Pre wator day - 108 4,750,000 110 8,300,000
Water day 110 5,010,000 97 4,760,000
ist post water day 97 4,850,000 110 5,600,000
2nd " w ® e emeeeeee- 113 5,010,000

There is ovidently a definite dilution of the bloed

which follows the increased waler ingestion and passes off =8

the water is eliminated. The irregularity shown in the red
cell count is probably s reflection of fluctuatiorsin the
dilution of the blood om the water deys. "hile excretiom
would tend to be regulsr, sbsorption would be most rapid a
few minutes after the drinking of the water.

The resulte are in scesrdance with these obtained
by Jones {(l.c.) 'whe ﬁﬁm& the 3Specific GCravity of the bleod
to slter within e fow minutes of drimking water =zmd to
return to normal withian four hours.

The following records of expeoriments are given by

him:- )
Before drinking water ~----c----cssomaoanen -=5eGe 1060.5
5 minutea after 24 0Be Were AXUNK.---we~mem=eS.Ge 1059.9
40 " n " ﬂ [ PIRp.. 5 ¢ 38 iﬂﬁ?.ﬂ
66 " " " " e cmemeeBaGe 1086.7

/ On the same subject after n menl with water the results
were S e '
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wore;: -
Before meal- . SeGe 1060.0
£ hour after- «SeGe 1058.5

4 hours 8ftere———--wee=S.Ge 1060.0
It would sppear to be safs to assume that following
the i.ngeation of a large quantity of water the volume of ﬁu
bloo& mey be temporarily increased but if no farther water
be taken the period of 1ncreaaed volume does not last beyond
four or five hours. 3tarling (1912) states that an 1ncrmc‘
in volume due to injeoted fluid dissppesred within two or three

hours.

DISCUsSION GF BLOCD PRESSURE RESULTS.

is it iz doubtful whether the gub;ect P.%eles onn be
regerded 2s normel the resulis of series D are discnased
seperately.
Yoter davs. Of the Serles A,D étnd ¢ the readings on the
water days show on the aversge comprratively little change
frba ‘the prelisinary control perio&. 0f eleven averasges of
- the syétalie pressure seven show & decrease and four an
increasse. 0f the disstolic averages six show o dacresse and
five a;l incresse. '
On thess dsys it is éviéent irom the shove experiments
that there occurred o temporary incresse in the volume of the |

blood which would &f 1tself tend to raise the eystemic blood.

pressure/
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predsure and more especially the dimstolic as the increase
would be more marked in the venous than in the arterisl
system. Bayliss and sStarling (1894). This is evidently

- what ocours. The rises sre more fregasnt and more marked

" 4n the dimstolic than in the systolio pressure. The

distentipn of the gut by the bulk of water would also
probably tend to raise the systemloc pressure. On the other
hand the dilution of the blood would cause & diminution of
viae&aity which would ten&.to less reaistance to the flow
and thare:fem tc o decresse in the preasure. A prolonged
dismissicn of the results obtsined on the watér days when
the issue is complicated by i'arious physicel factora wonld be -
unprofiteble. |
Post water days. On the post water days the vclume of the
Slcod hes retarned to normal =nd the effects of paasing

" the water through the system are uncomplicated by tho

physiesl factora noted above. Tebule 20 shows the difference
between ihe aversges of iho preliminary gontrol paiod end
the post weter period.

PARLE 20

SERIES A,

Differences in pressure beiween pre water snd post water

days
E;porimt. b 2 9 4 ] 6
Systolie @70 @3.2 =13.5 =7.9 5,45 =2.1

Disstolie “1.0 M.75 -6 3.6 eT.55 2.0
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SERIES B.

Experiment R X - 2 3

syatolie BB -2,1 2,6

Disstolie «8,36 1.0 -2.,0
SERIES G,

Experiment 1 ‘ 2 3

Syﬁt@liﬂ "' 1.0 ' BB wle® (101)

Disstolic w8 2.8 '.2,8’ (-2.8)

.

In experiment 3 "=3.8 and =12,9" Tefer to the first
post weter day; "-1 and =2.9" are averages for 3rd. 4th. end
5th days.

With the exception of e small rise in the diastolio
presgure in experiment 2 Seriss A and = small rise in the
systolie in experimeny 1 3eries C there is s more or less
distindt‘fdll in every'ease.

Series D. In Series D oo the water deys of the first and
second experiments there is a merked rise in the disstolle
pressure; the syetolic is 1little effected. In the post .
water days of exveriments 1 and 2 the rise in the diastolle
hag not entirely disappeéred though exper.2 shows 2 decrense
in the systolic. The third ex?arimeut is in keeping with

Series A,B and C in shovwing & distinet fall in both the

"systolic and disstolic pressures.
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The anwoef of the experiments of this Series
hed sn initial .,high blood pressure, It is probable thet the
rensl efficiency was impaired end thet diuresis was less
effoctive than in the other three subjects in keeping pace
with the absorption of water frém the mtmﬁ.m. A delay
in the exoretion of the excess water would csuse an
increaged volume o_f blood with & ooneeguent rise in the
systemic pressure wh,iah' would bs more marked in increasing
the diastolic gyrmmm, where in faot tho rise oomé.

The chenges in Series D ere shown in Teble 21,

TAELE _ 23.
Ghauges in pressure in Seriea D.
Bxpeximent 3 N 3
syatolie + 0,3 4ol -t

id

Diastolie + 1.4 42,31 ~do 75

Cumiletive Effect.  In Series C end D in both of which the
subjeets had a relatively high blood presaure there ia
svidenoe of a:mlative affect. Tabie 82 givea the
average reedinge of the post water days of the oxpar_irhmtl
which are in chronological order aén& are separated by an

' intervening period of ten to fiftean days.

. TAE&ZLE 28s

Gmlaun effeot: « Average pressure for post water daye,
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SERIES GC.

Exporiment = 3 2 3
systelic - 126.3  117.7 117 {119.8)

Diastolie - | 67.0 65.3 55 (65)

In experiment 2 "117 amd 55" refer to lst post water day;
"119.9 and 65" are sverages for 3rd., 4th. and Hth. days.

SERIES D.
Experiment - h § 2, 3
sSystolic C 137.2 131.0  126.0
Dlastolie 84.0 75.8 - 72.25

In the Series A and B the experiments were done &t more
irreguler intervals. Thug in A five years intervene
' between experiment 1 snd experiment 2 snd two months

betwaen experiment 5 and experiment 6. [Even in these
series however thouzh the same regularity ies not shown the
results aaggaat'thai the effects of the one experiment had

not passed off when the following one was begun. -

Pulse rate snd punlse pressure. The pulse records are

unsstis foetory. Ususlly several ocounis of one minute
duration were teken before readings of the blood ﬁressure
to ensure that sny efiscis of previous exerclss had passed

ofs/
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off and that the rate had reached a constant. As the writer
was freguently the subject of experiment the keeping of these
and other certain data not deslt with here were entrusted to

an ass istant snd sre not now avalilable. The cowntis given

are ecntra_ls taken after the pulse pressure readings before

the subject rose from the bsd. These were fortunstely

noted with the sphygmomanometer readinga. Table 23 shows

the average difference between the post water and the |

pre water periods.

TARLE Z3.
Change in pulse rate produced by water ingestiom.

Experiment ' 1 £ 3. % 5 6
Series A | wBedB =2.75 =5.0 + 0.25 2.4
Seriens B b5

Series C 2B 2.0 _g.2 - - +{ 1.5)

Ia experiment 3 Series ¢ "0.2" refers to the first
poat water day; 1.5 refera to 3rd., 4th. and 5th. poat water
days. |

The ten&em& throughout is to s diminution rather
umzx t0 an incroase in ithe rate.

The pulse pressure shows & decresse in eleven
axyerimnts and an increase in feur.

-

While the remlt3 are not mifcm the evidence is
againet/



| 30,

againet sny attempts on the part of ths organism to counter
pot the fell in %he<aystamie pressure by en accelerated
pﬁlae rate or & more powerful heart veat.

The regulatory nerves of the cirouletory syatem -
ara'nnrmally efficient in preventing a fall in blood pressure
below the required level. A fall below that level is
quickly counteracted by the heart vest being nltered tovgivo-
either increased frequency in scoordance with Marey's law or
inaraaae& force 88 oceurs fbr exsmple to countermct the fall
dwe to vasculayr ﬁilntion in the intestiusl area sfter mcali.
Howell (1905); The fact that diminution 1h pressure
foliowing water ingestion 1ls not aacemﬁaniaﬁ by any lnorease
in the rate or force of the haait bent peems to 1n§1aat0
that the lower level established on the poat water days does
not Qmﬁarrase the organism or necessitate the oslling inte
aotion of the'regnlaﬁing nervous mechanism. If this view be
eorrect the post water éwﬁtemic pressure is nesrer the
optimum then the pre water aand the effect of ﬁha,inereéaod
water ingestion has been o remeve & oause of an
unnegesssrily sugmented blood pressure. The natare of the
proba¥le cause will be discussed later in the light of the
results obtained on the infiuence of inoreased water
ingestion en the protein metebolism. | i

There is very little work with whioh -the results
obtained here esn be compared. Glax {l.04) ibnna‘a;
immediate/ B
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immediate increase in Blood vressure to follow drinking
cold water and the oﬁpa-ite effgct tc be produced by hot
water. These results are Aoubtless to be explained

sg due %o thoragl influencea causinz contraction or
relaxation of the vessels of the inteatinsl érua. That
the heat of the watar.haa no lasting influence is shown
in 3eries A wheres the water takem in experiments 1-3

wes cold and that token in experiments 4-6 wes at nenrly
blood heat. There ia no marked difference in the results
obtained. The findings of Glax however mey account for
gome of the increases of pressure recorded on the water
days. In several instsnces the drinking of cold water
oocurred immedistely before the tsking of the blood
Pressure.

o Benedict snd Carpenter (l.c.) took some
sphygmonanometer readings of the systolic pressure
before and gter the 1ngéatign of 500 c.c. water at s
tempsrature of 23" to 25%. Their resdings which are

few in uwumber are given hers in full:~

Before Water After Water
V.G 102, 107, 10S. 103, 100
JedeCa 108, 111, 120, 102, 105, 102
CoHaHs 119, 122, 120, 120. 119, 115, 104.

AeSeBe ' 117, 116. | i26, 128, 119, 117.
The/ '




?ho average readings are:-

Befors Water. = After ater. Difference.
VeGo 104,67 - 101.5 : «3.17 |
JedeCe 113.0 103.0 . =10.0
CoHelle 120.20 - 106.7 «13.56

AeSeBe 116.5 | 122.5 +6.00

The conclusion of these workeré is that "a
genﬁral inspection of the rosults shows nothing
significant in the change of either pulse or blood
pressure es a result of the ingestion of water.”

No indication is given of the time relationship
of the drinking of the water snd the taking of the bloeod
pressure resdings. I1f the resdings were taken cn the
water day as is most ﬁrab&blo the recordy are oonfirmatory
'of the results shown hers. A fall ocecurs in avéry 0as8e
axcept A.S.H. and the after wster readings show a distinet
tendency to fall. A record of the blood preswre of
Aed.E. on the following day would aave been of interest.
1t is unfortunste ihat the recoris are so scanty and

lsck any raiarénce t0o the dimstolic pressures.

Summary of Resulis on Blood Pressurce.

{1). 1In the normsl person increased ingestion of water
- is followed by = decrease in both systolic and
djastolioc/ ‘
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disstolic blood Prossurd.

{2). The decrease in pressure is not scoompanied by an
increass in either rate or force of heart b-at¢.

(3} There ia_cvidenoo of a cunulative effeot of periodi .
of inoreased water ingestion in reducing btlced
prossure.

"1t is suggested that the increased water 1ntako
"operatea by removing some osuss whiah-pro&aaan an

«unnecessarily sugmented arterial pressurv.
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SEC?ION II.

INFLUSHCE OF WATER JYHGESTION ON PROTEIN METABOLISH.

A mmmber of observations have been mede on the
" effeats of.incressed water ingestion on the output of
nitrogen. That the subsequent dluresis is sccompenisd by
an increased output of nitrogen in the urine iz now well
established. The point in dispute is whether the incresse
in urinary nitrogen signifiss = mere flushing out of waste
products or an ineresscd ostabelisn of protein. It was
thought that further informetion might be gaix_md by making
& more gomplete urinary snalysie and by ;l.oing severel
experiments esch with a different amount of protein in the
diet the totsl csloric velue of which however would be in
esoh oase sufficient to eover the enargy exchange of the

gub jeot.

METHODS .

The subjeots of the experimenis, normel healthy
meles, were given s fixed oreatine-Iree diet for several .
days, until the dsily excretion of the various nitrogenous
métitueﬁta of tre urine had become approximetely eonstant.
Thereupon, in sddition to the diet, & given quantity oi"
. water wes drunk esch day for three days, whereafter, the
aiet/
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diet was continued for soverai days more without the extrs
water. Some of the water was taken with the mesls end the
resi in the intervals between. The protein content of the
food was varied in the 4different exparimente from 27 to 319
- gramaz per. day. The urine was collected in 24 hour ssmples,
the collection being completed st 9 g.m. het:ore either food
or water had been taken for the day.

In one of the experimentas, Ho. 4, the water taken
dnring the preliminary period was fixed in amount. The
daily reqairematé however, as indicated by the inclination
of the gubject to drink, were mot uniform. In all the
others therefore, to ensure that the conditions on the
: “pm water” days would be 8 natural sas pwsibla, the
amount taken waes not restricted. It was considered that
this procedure would give a more perfectly normal period.
for compsrison with the period of exscessive consumption
aml that the volume of the urine would maiegte the aversge
 daily inteke, with sufficient ascursoy for the puzposes of
the research. | ,‘

e methods of anslysis sdopted were: total
nitrogen-- Kjeldshl: emmonia~-- Felin: ures Experiments
2, 3 and 4,-- Folin, 1 and 5,-- the uresse method deseribed
: 5? Plimmer and Skelton (1914): smino scids-~ Jorensen's
formelin titmtion method: ereatine and ereatinine-- Folin.

EXPERIMENTS/
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BXPERLGANTS .

A series of four experiments was done. In the
firet the protein in the diet wes very low 27 grems. In
the zecond moderately low 48 grems, In the third moderately
high 160 grema, In the fourth very high 219 grams, 4 '
£ifth control experiment with & normel die® containing 110
gramg of protein was done, In it nitrogenous éqnilj.brium
hed not been attained before the increased wster intake.
Its resulte are omitted in discussing the effects of water
on the exoretion of total nitrogen,

Te svoid burdening the text with long tables the

aavts,-ila of the elieté snd the records of ths urinsry anslysis

are given in the appendix.
dEsULTS .

Totel Nitrogen. In a‘n the experim‘ents.except No. 4 the
inorsased ingestion of water csuses a distinet rise in the
exoretion o: total nitrogen. Tkz&re is, however, 1n"bha dqgree
of the inorease & laok of uniformity, which corresponds to the
divorgent remi:t%s obteined by different workers. Thus | |
Forster (1878) found en incresse of 90°, Heilner (1906) 407,
Voit (1860) 25, Mayer (1880) 97, Gruber (1901) 74, Frenkel
(1877) 6~12%, and Salkowski and Munk (1877) sbout 3%. Dubelir
(1891), Seegen (1871) and Strasud (1699) found no distinet

m“&“a/
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increase. Heilner (1996) suzzests that the results vary
with the amount of food. Voit and Forster worked with
fasting dogs, while Dubetir and others used doce on an ample
dlet of flesh. In the present series of oxperiments the
greateat increase wase abtainad‘in gzper. 1, where the
protein was abnormally low, whereas in experiment 4 with

the high protein inteke there was no increase. In table 24

the whole series is compared .
TARLE 24

Bxoretion of Excrotion of ,
Yrotein fTot.H. on Tot. H. on  Increass in Incroase
Ro. of in diet 1lasst pre- first water Tot. N. 5. per cont
Bxper. approx.g water day,z. day, g.

1 27 6.3 8.6 2.5 36.5
2 48 8.77 9.83 1.06 12.1
3 160 17.47 19.94 1.57 8.9
4 .319 40.22 49.19 nil nil

It 16 thus seen that the percentage of totel nitrogen
axoreted on excescive water ingestion tends to vary 1n§ersely
with the smount of protein fed. ‘

In experiment 4 there is ovidence of a marked
retention of nitrogen on the cessation of the excessive
water intake. After the sinzle water-drinking day the amount
excreted foll from ¢0.19 to 34.69 grams. After the three-
day period of increaced water intake it fell from 39.24 to

34.16,/
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- 34,16, and only returned to ite former level on the :ourtk
day.

There would appesar to be two distinet factors
invalved one, whosa actian is immediate snd whose influence
is most manifest in vrotein deficiency, tonding to‘eauma‘a
flu@hiag out of nitrogenous end products, and anothar,
whose influence 1s more prolonged, tondins to cause a
retention of nitrogen. |
Apmonia. Thers is in every instance a distinct rise in the
ammonis output which coincides exsotly with the incrsased
water inteke. This 1s in keepine with the results of
Povler and Hawk (1910), who erzued that the wator stimulated
gastrie séeretian ond the incroased ammonis represented the
amount necessary to neutralise the excess of HC1 thereby
produced. If this argument were well founded the inereass
in ammonis output should be more or lese parallel with the
inorease in water drunk. As ap:ears in Table 25, threre 19
no avidanca of euch narallaliam.

The inorease of water pagsing throush the systenm
ﬁust accelerate the f£low of blood through the liver and of
lymph through the tiscues. In the process of deaminisation
as the 533 moiety is datachad it would tond to be sarried
off by the seccelerated flow of blood and lymph and excreted
as smmonia instead of being converted to urea. If this
supvosition be correct, the increase in ammonia would be in

some degree propertional to the axtent of deaminisation

taking/
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taking place ln the Vissuwes, which in turn womld be
influenced by the amount of protein in the fdad; . The
followingy table shows that the incresse in smmonie more or

loss corresponds to the amount of food protein being
~ catabolised.

HHzH 1: 0%
? Proteoin Aver. exeret. Aver. oxoret.
Bo. of in &iet on non-water on water Inorease Percentape

oxryer. g. dayse, ¢. daya, . B increans .
1 g7 0,222 0,859 0.087  16.6
2 48 0,346 0.461 0,116  38.6
5 110 7,301 n.392 .91 30.2
3 160 0.430 0,575 0. 145  33.7
4 39 0.273 7.52¢ .266  93.8

The increasce in smmonis evidently represents s
nare flunﬁing-out process, and the smount of the increase
dopends upon the amount of ammonia beins liberated in the
liver and other tiscues.

Ures. The ripe in‘the urea output 18 most marked, both in
abosolute amount and in percentaze of total nitrozen excreted
as ures, the incresase is maintained throuzhout the water and
the post water :eriods. Thus, in Exrer.l on the third

water day the total nitrogzen falle from 6.3 zrams on tre

" pre/
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rre water days to 6.125, ahil@ the ures rises from 4.154 to
4*&88,. In axyariment 2 the sverags urea outvut of the

rogt water days is 6.523&$.agaiﬁst 6.23 on the pro-days.

In exper. 3 the figures are: ore water 14 g., post

water 16.46 g. In éx@eriment 4, on the last day of the
recorde, i.e. the fourth day after the'period of inereased
waier intake, the total nitrogen output is 49 z, as |
compared with an average of 41.55 7. in the preliminsry
period, vhile the urea, instesd of decreasing vith the .
total nitrogen, rises .froin 34.09 to 37.184 5. The prolong-
:ation of the iﬁcreaaaﬁ excretion of urea beyond the périoa
of increased diuresie is evidence thet the increase cannot
he accounted for by a mers mechaniesl fluahing*snt_of urea
Becumulated in the tissues.

Table 26 shows the percontage of total nitrogen
exereted as ures in the preliminary period and in the period
fallowing the béginning of the 1n@rsasa€ oonsumpbtion of
water including both the water and post water &s;s‘
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TABTE 86.
Average daily mrstwn _Averagé? danily exocretion on
in pralimhmry poriod. water and post water days.
- U SSRGS
| e | IR : rer
i e . ?ﬁr . : Cant in~
gont.of of Tot.crease
fio. of Tot.B. Ures G. as urea H.G. ‘Usea G. uresa oent.
Exper. G - :
1 6.3 4.154 65,9 7.02 6.18¢ 73.8
2 8.92 6.025  67.5 9.374  6.492 69.3
3 i7.590 14,005 80.0 19.286 15.666 8l1.2
4 41.53 34 .09 82.8 38.27 35.97 $1.6
5

11.848 9.198 77.6 13.30 0.77¢  81.0

It will be seen that the zroatest increase in the
szeretion of ubea securs in exper. 1 where there is a
'nmtaixx asficiemy, am in axper. 4, where the protsin

intske is excessive.
Amins seide. In experiments 1 and 2 on the low protein

diets there 15 an immediate rise in the exeretion of amino
acids on the first day of iucreased water ingestion. Im
azxper. 3 with s moderately high protein intake there is

& slight amp, and in exper. 4, where the proteln intake is
higher, %he drop is mevked. Table 27 compares the serles.




Ko, of Pro%.
Expor . Intake G.
1y
2 48
5 110
3 ‘ 160
4 319

¢B.

I4BLE 27

Amine aoid

K. Aversge

in prelim.
period.
0.128
0,181
0.8565
0.117

0.870

!

Aminog seid 3.
Pirst water
day .
0,163
0.363
0.257
0.100
10.203

Difference.
+.0%8
+ .182
+ .002
-.0L7
- -,1608

While there is en absence of uniformity in the

resulte, they are such 85 sugsest, that with a deficiency

of protein in the food the stimulated &iuresis due to

increased water intake causes an initial washing out of

the amino acids, while with an excess of protein the

inereased water inmtake causes an initlal retention of these.

A these resulte are not maintained, they would appesr to be

due to the sudden slteration in the amount of fluid passing

throuszh the syetem.

Faeosl nitrogzen. Only in experiment 1 wse the collection
and analysis of faeces mede. The daily evacustion was
fairly regular, taking place in the forenoon. The‘firat
day's collestiaﬁ wag discarded, as they bslongéd more

- properly to the precedins period. Those of the first water

day were regarded as belonging %o the preliminary period amd

those/




43.

thosae of the first pest water day a2 bslomging to the

water period. The results obiained were:

Proliminary period. Increacsed water period.
Dried Total Dried ) Total
~ Welght nitrogen , wWeight nitrogen

19‘42 g- gegg? &s " 12.9 gc ﬂaMﬁ gu

These results are in sgreement with those of
Fowler and Hawk (1910). Teo mueh importance should not be

attached to the results of a sinsle experiment, but even
keeping in view the fact that the faecal nitrogen i3 not

- 21l derived from Peod residumes, the resulis seem to suggest

that the increasedé consumptinn of water is produotive of a
more complets utilisation of the ingested rrotein.
Crestins and crestinise. In expers. 2, 3 and 4 there

is on the water days sn apparent decrease in the excretion

of erestinine. On these &ays however, the bulk of the

urine vas enormounly increased and the eopcemtration of

the crsatinine crrrespondingly decressed. It was necessary,
'\-therefﬁre, t> depart from the routine mode of analysis on the

"'»;"‘-’%étsr days. Tn some {nstances 30 ¢.c. of urine were taken

‘f§r znalyeis instesd of 10 c.c., and in other insténcaa.’after

develepment of the eolour, dilution was carried only to 250 c.c.
 inctead of te 500 o.c. Both of these deviations, which are

Vreeammenﬁe& by Palin (1904) in such.eaaes,-in his origzinel

desoription/
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desceription of the calometrie method are productive of error,
skowing & veduction in the amsunt of cr&atiﬁina.founﬂ vhick

is guite fictitious. In azparimanté l and § the urine from
“he beginning was diluted %o §,797 c.c. and the dilution and
mothod of anslysis rigidly adhered to throughout the experi-
imant. In thess, on the water days there appears no
decrease in the amount of croatinine oxersted. I% may de
conclnded | tharefore. that the decresnse fonnd in the carlier
erperiments ghould be aserived %o f&ulty metholr of znmlysis,
o no uaaaﬁign war the increased consuwnption of water folloved
by the arpearance of creatine in the urine.

| The influence of excessive water ingsstian on the

axnretion,of creatine end creatinine was deslt with in &
peparate reseasrch {Burms and Orr, 1914) end need not be

further dismeussed here.

DISCUSSION OF - RESULTS.
=3 '

The source sf the incressed excretion of nitregen
on exocessive een&amptién,of water has bean much discussed.
V. Eoordea (1907,13) after s Toview of the literature says:
"T% g1l turps on he flushing of nitrogemous emd produots
out of t18 system." He bases his-aenalusian\largely on the
@5rk of Heumsmn (1899), who found thet, as the consumption

ef water rome, the urinary nitrogea rose, the riee being

mogt/
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most msyked on the first day and rapidly disappearing, and
that aﬁ a return to & normal consumption of wéter thore
occurred & retention of nitrogen. This view is suvported by
Abderhelden snd Bloch (1907?.' These workers used as a

gub ject of é water drinking experiment a porson suffering from
alkaptonuria. On .the sdministration of 5 litres of water
there occurred a‘diatinct inersase in the amount of nitrogen
in the urine. The output of homopgentieic acid howvever

ghowed & slight decrease. The amounts were: pre water 10.51,
water 10.18 and post water 10D.2Y. They concluded that the
constancy of outpat of homozentiscic acid indicated &
oonstancy of protein metabolism, and that the inereasce in

the excrsted nitrogen reprecented & washing out of |
nitrogenons end rroducts.

The initial increased outrut of aitrogzen in the
urine and ﬁnbségﬁaaﬁ retention haﬁe been hera verifisd, but
the compared results obitained on the varying rrotein
intakes 4o not suprort the view that the incresse |

represents a_mara fiughing out of end yroﬁnsis{ £ that
| view were correct, the greateé% inorease would appear'
where thers existed the yreatest amount of emd rrodmets,
which one would expect to be during the period of highest
rrotein intake. Vg have seen hawa?ér that it.is ggst in
_tuls case that no inorsese takes plase, & result which is

in/
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in agraemaﬁt with the findings of thosQ whe worked with ‘
docs on s heavy flesh diet Dubelir (1891) and others. on
the contrary, the hichest increase is found in experiment 1,
where the protein was abnormslly low, viz. 27 grams per, day,
the diet conalating mostly of carbohyirate snd fat, in which
case one would expect the minimum accumlation of nitregenous
end products lisble to be flushed out.
¥hile it ig not to be dounbted that there ocvours
g flushing oat procesé, to vrich the increase of smmmonia
aprears entirely ﬁué, the whole of. the influenee exerted
by tho water camnot be ascribed to this mechanical cauee.
The recults sbiained on the voryids protein intakes,
tozother with the fact that the inoresced percentage of
urea continuves on the post water aéys, after the
mﬁﬁﬁanieal fiushing-out rrocess has coased, indicate that
the water has a direet inflwvence on the protein metabolism.
Voit {1860) helieved that the influence of the
water is to vroduce en incressed protein catabolism, a
view supported by F%rstsr\ll&?sf and others. In conditions
of protein éefiaisngy &8 in festing dozs with which Voit
worked, such a eansl#ﬁion aprears reasonabls. In experiment
4, however, whers the protein of the food is excescive in
amount, there aypears on the addition of the extra water no
increase in the urinary nitrogen, but there occurs & most

mavked rise both in the absolute amount of urea and in the

percentags/
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percontaze of total nitrogen excreted as urea, 8 rosult
obtained in sll the expsriments. ¥hilé it is doubtful,
therelnre, vhether in conditions of protaiy sufficiency
excessive consumption of water csuses an incresse in the
amount of protein catabelised, as indicated by the urinary

nitrogen, there appesars to result in every case & stimulat-

;ion of the catabolic rroocesces, lsading %o & more com@lete
disintegration of the prateiﬁ moleouls and the production of
those end products whose irmediste destinstion is excreotion.

The subseguent merked retention of nitroron in

axveriment 4 is in spyecment with the results obtained by
Neumann (189¢) and Fowler end Hawk (19104. Tn viev of the
fact that the retention takes place on the highest protein
diet (319 grams per day), whem thers would be & surplus of
cireulating rrotein amé non~protein nitropenous moterlal

" within the economy, 1t is improbable that the amount retained,
#ig. about & gr&&s after the one dsy's water drinking,
snd in addition t¢ that &bout li oramse aftey the three
day's period, would represent an sddition %o either of
these bodies. 1t is more probasble that the retained mitrogen
reprss#nta an inevesse in itissue rrotein. '

A possible explanation ia avallsble for ithe mode

of setion of inoreased pesesge of fluid through the tissues
in seceleratins catedelism. In enszyme action the accummlat-

lsn of/



of enu products paralysea the enzyme and the action slows
. &own Kronecker (1874). An increased flow of fluid in the
environment of the cell and probably a resuliting increased
interchange of both wéter ard substances in soluﬁion between
the cell and ites fluid environments wouwld conduce to a more -
rapié removal of the end produets of‘catabolism Qnd‘thﬁs
allow the reaction to continue without any reduction of
velocity.

To afford an explanation for the suggested
acceleration in the synthetic phase of protein metabolism
is more difficult, if, as is probable synthetic processes
within the living cell are determined by the action of
enzymes. Synthesie odeurs in e comcentrated solution more
readily than in & dilute one. It is highly improbable
howsver that any merked degree of diiution occurs within
- $he cell. It has been seen in the section dealing with the
changes produced in blood pressure that the excess‘water is
eliminated almost as fast as it is absorbed from the intesting
and that even in the blood, dilution is slight and only
temporary. Thsré is no stagnant concentration of water. The
marked feature is mot dilution bub increased velocity of the
f£low of the body fluid with presumably inereased mobility of
the products of metébolism. It is gquite conmoeivable that the

accelerated/
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‘aceelorated movoment of the fluid may afford a meéns of
vemovins the products of synthesls frog the sphere of the
reaction oither by washin@ then away to a different part of
the organism or by romovins them o enother part of the
eell. This would allov the synthetic action to proceed
with undiminished veloeity. In the pre water poriod when
the proflucts of the reaction were not co officiontly removed
’thaif ascumulation would tend to slow down the reaction. '
Consequently the water days would show an incressed
agnthéais ag compared with the pre wator days.
‘A 1% i5 noteworthy that in privation of water &
1953 6f nitrozen takes place bhoth during the privetion and
for sevavral days afterwards Demnig (1901). The loss is
not associasted with incraaaeﬂ congumption of azygeu Salmon
(1998). It looks ms though the lose were associated vith &
failure to synthetise rather then with incressed cataboliem,
Referenns har beon made to the famet that the percentase of
:ﬁaﬁal nitrogon exereted as urod inoresres on the water
"daga, The increasod §9rcantage.p@rsiats on the post water
dsy. In expar. 4, with tho very high protein dlet it is oven
hihhar on the post water than on the woter daye. In those
of the prﬁliminary period the average poreentage 18 82.1?5.

on-the firas {sincle) water aay 1t rises to 90.6. Qn tho
three/
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threc water days 1t rises further to 91.63. Imn the
four vost water days 1t roaches 91.95. In the pout water
period diuresis ie practically the some as in the preliminary
poriod so that the inﬁreaaaﬁ exuretion of ures eén not bve
attributed to urea beins washed oﬁt. Hor inﬁéeﬁ even on
the wator days can the incrensed peroentnge of ures be
whally accounted for by & flushing out proces: for In that
onge on the cessatisn of the incresse! {iuresis thore would
tend to bo an mccurmlation of urea in the fluld and tlssues
of the body until the level of tke preliminary perisd had
been reached. The rezults which are uniform in all the |
_experimonts rather indicate that the infiuvence of the water
bas been to produce a more somplete disintesration of the
piatein molecule resulting in a higher percentoge of the
£inal products. This is vell shown in exper. 4 the very
hizh protein dlet. Om the four pre water days the amount
of undetermined nitroren including purin bodies is in grams:

4.07 4 .44 6.217 6.666

~ 0n the four post water aaya'after the double

flushing out the amounts are:

7.803 0.663 Gfﬁﬁl 0.864

Howe, Uattill and Hewk (1911) ohtained & rednotion in the

excretion of purin bedies following inoreassd water inpestion

in e dox. .
Ryidently vhat apresred as undeatormined nitrogen

‘in/




51.

in the preliminary porlold hecame converted to uree afier the
ingestion of the wator. The fact that this more complete
cmmexeim to urea persists after the incressed diuresisa has
earsd smgpests thet 1t is noi due to the mochanicsl effects
0f the ineressed flow but to the influence of the flushing
out precess ¢ither by producing & otimulus to metabolism
or, whet 12 more probsble in removing come substances that
interfoere with ¢atsbolinz, It seems hi-g;hly probalble that
tlza water flushes st certain delotorious waster producte
ma that the removal of these mrm:l ta the mets.bolie
processes to pmewd with zreater vimour.

If the viewé vut forward here be correct what
osours on water drinking is firatly s preliminery olearins
out of the tiseuwes of certain nitrosencus metabolites
pmﬁab_ly after thelr conversien to ures. This produces the
initial izmmaae in excretion of nitrogen in the urine whiech
has been observed by most workers, Following the removal
of these substances there ia an agseleration of both the
.ewwbahlia and égmthetie vhases of metabolism resultmg in the
one case in final px;o&uoté%ieh are excreted and in the
other in aompletely aynthﬁtiuﬁ protoin bduilt into the |
tissuen. The smount of protein metabolised ip not neoossarily

inoressed but both catabolism and synthesle are more

¢

complete.

- SUMMARY/
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SUMMANY OF THE RESUILLY OF LECPI0H 2.

The ewoosnive ingestion of watey produces:

{1) An increasel exerstion of vrinary nifrozen which is
most marked om a low protein diet.
| (2) & retention ol nitragen on the return tc aormal
. gonmsumption of walsy In the eses oi sbhundant wof.ém intake.

{3) an ineysssae wisia”;f'» persists on the poat water daye
in the parcentage of total nitrogen excrated as uren.

(4) A mazked, faoxampp i, She expretion of ammonis,.

(;s,; Ko excrotion of oreatine and mo deerecse in the
mmﬁim’z af ereatinine.

(6) A dscrezse in whe fascal nitrogen which ie inter-
ﬁmﬁaﬂ ag indioating & mnore coupkste utilwa‘«;im nf the
£a0d protsin.

I% is sugqgusied that tne rogults indicate tmt the
mf?ueme of the iﬁJf@ﬁu@d mater econgumpilon i to accelerate
ba'ﬁh the catebolic axnd lhe ansbollc phases of pm*em
’m%&balm{a and that this is mwmplwhau by the Sinshing

ont from the sigenaa of eartain nitmgamaa weste produscts

which retard mm%mne. HYHOenses.,
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SECTTON 3.

TEE OWIUANCE O0F WATAR  INONBUION ON THR ZXCHEY (08 _0F SAITYS

1% o well known that certain salts play an -
essentisl part in tho prodwstien of the heart best. Sodium
iagﬁ mre necoescary o maintaln the contreotabllity and
{rritability of the cnrdisc muscles. Potassium lnduces &
relaxative of the muscles. Caleiun yromotes tonle contraote
.don. It was thousht that in the sxcoscive dinresiy p&eaunad
by the ﬁﬁﬁﬂﬁiﬁi@&vﬁf'Wﬁﬁﬁr nged in tre exrerimenis s péssibla
waghin: out of certein of thece galta might ocour snd the |
alteratisn 17 the relative vravortions be resronsible to
some sxtent foy the chanse noted in the blood pressures.

The szorotion of oalis In water érinking Kaso been noplected.
 No data comld be fouwnd %o glve imformation ss to rhether &

flushing #ﬁt af selts takes plécs. It woae thought desirable

40 obialn soms definite deta. The following exyeriment was

therefore carried oub. | ‘

fhe subjsct (5. B 'o ) was ziven the following constant
diet with ne salis except whet wes contained in the food
gtuffs . |

patmesl 75 &. Plasmen  1B0.@. Cooos 10 g.
Haricot Beans 100 ¢ Marearine 5O . OCheeseld) g.
Bisenits 100 g

e poutine of the experiment was as has been desoribed
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4in Seotion II. On the fourth day of the constant diet 3 litres

.of water wero drunk, snalysis for the firet day of the diet are

not given. The diet was comtirmed on two post water daye.

‘Urine wss colleeted In four-hourly periods from 7 a.m. Yo

7 p.m, during the dsy and in o single period T.p.m. to 7 a.m.

overnicht.

The nethods of analyois adopted were:

Chloride « Volhard; Fhosphates « Uranium acetate .

For Calejun, Eagnasium, Sedium and Potessium, the methods

ag degoribed by Plimmer (1915} were adhered to.

The exoretions for oach of the poerlode are rocorded

in page 87 of the sprendix. The following table gives the

smounts for the full dasy.

‘Bay Caloium
2 'g ‘
80,2430
3 0.2478

0,2188
50,2491
6  0,3029

TABLE  28.
EZCRETION OF  SALES.

Hagnesium ss K.Cl. a8 Bacl,

g

10,0856

09.0887

0,041l
0,0431

0.1174

rotass~ ,
ium Sedivm
g 8
2,050  6.186
1.5168  6,0378
1,8808 4.8112
n.9672 5.2378
N.0158  6,3046

DISCUSSINN/

Phos-

“¢hlorides phates

ge Bacl. as Fglp
g g

6.177 1.610

3.6772 1.560

o.1924  3.130 3 _litre
5,0

2,449 £.910

3,480 5,175
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DISCUSSION OF RESUITS

Calelmm. The excretion of caloium is & fonotion of the
intestiine :mthsr than of the kidpey. The amountio aprearing
in tha urilde withcm rafarama to 'cha amounts axcret.ea in
the faeces zgive no indwaﬁcn of the total loss to the body
a:r of sny chanzge in the uetabolism. The emaoll decresse of
ealeium in the urine on the water day is rrobably vi thc‘at.
any speciel significance except that it indicates that no
loss bf caleium takes plsce through the kidney as the resuly
of incressed diuresis. |
Masmesium. | About 50, of the exoréteﬁ megnesium is eliminated
through the kidmey. Sterling (1l.c.). There is & marked
increase in the amount exoreted which is confined to the
wéter day. It is probably due %o a flashing ont process.

So@ium and Potassium. The gxcretion of potassium shows &

aniform diminmtion which is not affectod ou the water day.
4 mavied decrease tekes place in the esecretion of sodium.
The difference in behaviowr of these two bases is probably
&epen&eﬁt upon their different ascociation in the blood. |
Potassium is eentaineﬁ in the cer;msales and 1g anly present
in the plasme in very smoll smounts. Sodium on the other
hand is present in the plasms to the extent of 4 or & parta
per 1770, In the dilution of the blood followinz imereasod
water /

\
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water ingestlon the percentage of sodium would tend %o be
lowerod bolow the threshold limit of elimination and the
exeredion wonld conssquently tanﬂrﬁa be diminished. The
potaasive on the other hand being within the corpuscles '
would not be affected.

Chlorides. The decresse in the sxoration of chlorides is
probably rolated to the diminished excretlon of sodium with
which it ic chiefly associmbted in the blood plasma. There
i a parallelism in the dlminution in the two cases.
?haagggﬁas. In the exafetion of phosphatos there occurs a
marked dooresse which has not disapresred on the third

post water day. 4s the diet is fixed there is a constaney
in the intake of calcium snd alkeline metale. Thore is

'no reason therefore to suypose that any reduction has taken
place in the smount of phosphates exoreted by the bowel.
The increase thérefare suprests an'inéraaseﬁ catabolism of -
phosphorous containing substance end ie snalogous to the

gontinued incresse in the urea on the wost wator dayo.

SUIMARY OF HESUTES  O0F SECTION 3.

The incressed inzestion of water produses the
following chenges in the urinary gxoretion of the subatances
named: -

(1) Caleium. 4 smell decrease which is probably

without/
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without significence. ‘

(2) ¥agnesimm. An incroase whiech is attributed to &
mechanical flﬁahing out.

{3) Potassium. Ho change.

' {4) Sedium. A decrsase, the remson for which 18
gugrested to be fhe decreased concentration of sodium in the
blood dme to dilution, |
| {8) Chlorides. 4 decToase @hieh is parallsl to snd
probably associated with the decressed eliminstions of sediwm.

(6) Phosphates. An ineresse which persists on the post
‘water dsys and which iz taken as en indicstion of incressed
catebolism of phosphorsus contalning substances.

A genersl iaspsction of the resultis seems to

justify the conclusion that the ingestion of water osuses mo
incressed excretion of salts that can account for the post

water decressse in blood presgure.
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GENERAL _DISCUSSION.

The gemeral copelusion arrived at in Section I was.
that inoressed water inzestion rroduses a definite fell in
plood pressure. The resulte of Section II suggest that the
same csuge tromotes the more efficient eliminetion of waste
products asd give a stimulus to the procesnes of metabolisi:
crf protein resalting in s more ré.pi:l elaboration of the cmé
producis of both catsbolism and gynthesis. The question
arices a8 to whether these resulie are related. It has long
been known that the produots of cell aetivity sffect blood |
pressure, asskell (1880) showed that the ecid end profiucts
of metabolism produced a loosl ailatation. Hooker (1911)
found that & like effect is produced by certain nitrogenous
eatebolie produeés. The central effect is the opposite of |
| the loeal. aAcid metabolites promo:ﬁa greater efficieney in
cariiac .muﬁela by insreuasing ailastolie :alwtion as well as
increased systolic contracilon Jerusalom snd Starling {1910).
. This geeurs in extreme Gezree in asphyxis. A like stimnlst-
.ing sffeet is produced by urea and certain other nitrogenous
agatabolic prodncte {zanthin, bypo santhin, creatine,
smmonium corbamate, sodium hippurate }. Hooker (l.c.)

n thé 1iterature .of clinical medicine there is
ahundant evidence of & stronzly held belief that increased

periphenal/
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periphensl resistance due to contraction of arterioles is
brousht sbout by exceas of mnlitrogenous waste products, by

the 'pmduots of ineamgplste or perverted metabvolism, snd by
decomposition producis of protein which originate in bacterial
" action in the intestine and are sbsorbed to” the blond stroam
Buchsrd (1893), Senator (1807), Russell (1907) and others.
‘Thesa baliefs however are in general, opinions rather then
sonolusions based on axpaﬂméntal data.

In Tecent years there has been en sccurmlation of '
aefinite evidempe of tre influence of nitrozenous metabolites
_4n raising blood pressure. Mott and Fallibuifton (1899)
ghowed that"nm:fine & subotance closely related to cholin
;*roéaceﬁ g fall in blood pressure ckisfly dwe to direct action
‘on ths heart This ie followed by a rise of prossure dus to
aantmatian of srterioles. Abelous Ribaut, Soulié end Tranjaxz
(1906) Pound an oxtract of putrid meat that markedly raised
blood vressam; Dixon and Tavlér (1507 ) found in extract of
placental tiscue an sctive principle that caused o like

rogult. Barger and x}ale {1999} showed f,hat the most setive
PTESSOT sﬁbsta;me of putri& meat was p-hyﬁrmuenylet}:y..
slamine vhich i=s dﬁrivsd from tyrosine in anssrobic
disintesration by the gplitting off of carbon aioxiﬁe, |
Rosonhoim (1979) showed thet the same smine was the sctive
principle of plasentel extract which caused the rise of

- blood/
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biauﬂ preseure noted by Dixon and Taylor ( 1.0.). Thio
derivative of tyrosine seems to be of frequent occurrence
in protein disintegration in the presence of bacteria. Van
Slyke and Hart (1903) and Winterstein snd Funz (1999) found
it in different kinds of cheese. Dale and laidlew (1910)
showed that beiminezolylethylamine, an amine derived in the
gsme way fronm hwfiziéina promotas contraction of the
arterioles and rise of blood rressurs in rofentp thmgh in
asrnivors the direct actlon on the muscle of the éyatemic
arterisles is overcome by some antaronigtio reriphersl .
aotlon the nature of which 1s nat understood. Another cube-
%aime of this cluse is armatine isolabted from herring ree
by Eessel (1910), It is ae:rivea from apinine by the leas
of oarbon dloxide., A nmber of the privery fatty smines
that promote srterial construction ond rise of blood pressure
have been onumerated and their re»m'siomahim shown by
Berger and Dale (1910). Dala and Dixon (1909) showed that
igommylamine and hydroxyrhenylethylernine derived by bacterial
action from leusine and tyrosine respectively are absorbed
from the slimentary canal and preduce pressor effe0ts when
so siministered. These results make 1t alésr that certein
pra&mw of :gnmfaaﬁion wMeh may arise in the intestine
can be sbeorbed in the blood and exercise 8 pressor

inflvence/
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influence by promoting arterial constrietion.

The possibility of these pressor eonatituents
of protein disintegration arising by mesns other than
bacterisl sption has been shown by Zmorson (1%02 ) who
obtained pehyiroxyphenylethylamine (derived from tyrosine ).
in the aﬁzalysia of pancress under conditions thot excluded
putrefaction. Lanzetein (1902) obtained the same body in
prolonzed peptic digestion of oxg albumin,

‘Phough the primary object of the resesrches
. peferred to sbove was to fetermline the chenical siructures
and reiationships rather than the physiolozical offects of
certain smines, they have ineidentally shown that cortain
amlnes whioch exert a pressor influence on the eirenlatory
aystem, can originate in the intectine snd be sbsorbod te
'tha blam& atroam. They alse awgsest the naa&ibility of
aertain nitrogenous substances with a prescor influenee -
grisins in the tissues Ag a rezult of a rerverted or
inocompleto metaboliom. | ,

Tn section £ it Ras boeen shown that the increased
watar ingaaﬁion profuced s mavked dscrease in fascal mitrogen,
‘a’reéult whioh is meraly a conformation ol that obtained
by Fowler and Hawk {1.c.). Theso workers found further
that there was a dsorease in the bacteris of the faeces. The

axplanation offorsd by them i8 thet ‘She water has brought

shout/
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. ahanﬁ,eonﬁitienﬂ w?ieh heve onused a more rapid digestion
and absorption of the protein congtituents of tre blood,”
snd "thore baiﬁg 1esc mitrogenous matorial present ln the
intestine during the water reriod, naturally the bacteria
‘esuld not develop 00 aaiisfactarily ap in the vrelinminary
poriod "

. It io probeble that the greater dilutlonm of the
gagbric contents 88 discharged imto the duodenum would
facilitate a more rapid hydrolytic cleavage of tho protein
to amino acids (mee page47). The rapid absorption of water
from the upyer wart of the intestine would tend to the more.
%ayiﬁ‘abaurptiau of the soluble pradupts of digestion.
There waulﬂvthns 1o less residusl nitropenons material
available for asnaerobie digintezration in the lower part
of the ipteatine, with & consequent reduotion in the
Pormmtion and sbeor;tion of theso agines noted above snd
probsbly alsa of other bodies mot yet 1dentified which
esuse arberial eonstriction. thins may sfford a partial
sxplanation for the rednotion of blood prescure moted in
Section I.

svidence was brought forward in Seotion IT to
gappor’ the view that ths passege of the water throuzh the

systen promgtss'&n,acaelgratisn of both catabolic and

synthetio procesces. If thip pe oorrect there wounld result

8/
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s veduction of iatamedmw products of metabolism. The
great redwolion in the amount of wndetermined nitrogen
:mulmmw purin bodies in the water ané post water days
(page ) lapfs suprort to this view. It 1c noteworthy

that the raduction in blood preseurs and the dooreanse in

the amount of unfetermined nitrogen in the urine pcaruwt
eonenrrently for two or three daye alter thie wasexr drinking
vag sessod. IV hes been shown that subs ghances whioh produce
arterial corstriction can oripinste from srotein by meens
ather than hacterisl sction. Emerson {1.0.} Lan;;ateln {1.e.)
14 may weoll be that theze do rigs in cages of slugpish oF |
warverted metabalism or under condition® o protein surfelt.
I8 t*bie were sstablished one oould atir 1bute the mll in
blood waasara to the flumshing sut of these ’ooﬁiea or to .
their chenge to inert finmnl pm&m £ . )

an explanation 18 afforded to the rasulis abmmeﬂ

"by fay 1..&.) who veduced the volumo of the blood by
ﬁsmosmmtm snline cathortics and "gontrary to m@cﬁntimxs"
roumd sn lncressed pload praasura aue to "s contraction of
the cmsller srieries and aapnmries.“ He attributed g’ne
raguit Yo the anlt "stlmulating the tuncia intime of the
vepsels ag it civeunlabes in the bdlood." He used sodium
suiphate and pacnesiun Suiphate. MacWiiliam, Mackie amd
verray (1904} fmm& thet magnesium sulphets pr roduoces a fall

in/
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in blood pressure whether injected to artery or vein and
that éadium sulphate produces no change. The ex: lenation
offered by Hay 1s'av1&9ntly invelid. The eathartics in
reducing the volume of the blood would reduce dimresic and
the flow of fluid through the tissues which condition of
affairs ascording to the view put forward here would _
facilitate the production snd accumlation of these netabolic
yraéueﬁa which have been susrected as o csuse cf.art@rial
constriction. Hay produced oonditions which ‘
ara'axaetly opposite of those indueced in the %3per1manta

- recorded hers, and obtained an opposite resmlt.

GANEEAL _CONCLUSIONS.

Inoreased woter ingsestion produces:;-

(1) A £all of blood pressure both systolic and disstolic,
which ig not accompanied by sn increase of cither rate or
force of heart beat.

(2) 4n scoeleration of bath the catabolic and synthetie
phases of protein metaboliem, with elimination of intermediate
" products of metabolism and probably also the products of

rerverted metaballen. .
Rossone are advanced in puprort of the view that

the £all in blood precsure is brousht sbout by the removal

Ofll ’ . - . F
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of these motsbolie prodmete whieh by pmmotirzg artorial
constriction produce an unnecesearily augmented blood

preseurs .
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QE’QAILKB RESULTS OF SHCTION 1.
SERIR3 A. SUBJHECT J,B,.0.

| ~ BXPSRDMGAT 1. Jm-,lm» (Tadble 1.)

. Readings by Dr. Murray, fhyniologioal Dapartmont.
'Ablraecn Univeral ty.
3nbjeat was on a constent low protein aiot.
On each of three days three litrea of water were drunk.
throughout the course of the day between 9 s.m. snd
4430 p.ms  Rendings wers teken at 9 s.m. and at O pem.

No readings were tsken on the segond water day.
TABLE (3ee page 12.)

9 B4 Eﬁaaiﬁﬁ ) 5 vp.m. RG&“&; '

Syste Biaat. Pulse . 8yst. Diast. Pulse
. Press. . Preas.
Pre water 108 70 26 1l | 68 42
Water 108 6b 43 1c8 68 40
04 | 66 38 o4 | 66 39
Post wata|108 65 | 34 - | - e
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4, _spril 1918, (Zadle 8).

"
Resdings by JeR.Hewitt, BeSec., (AgT.) Research
Student. On the one water dsy thyee litres were drunk
between 10625 2em. B804 12,5 Deme Roa&ipgs'éere taken &b
10 Bems, 12430 pemie, & pems #nd 445 pome

TAULY 2 (3ee page 15. )

9045~10 Beflle Rea&i%. 213050 Wellle .Haadi »
Pulae tnise .

Syst. Diest. Press. pulss 3yst. Dinat. Press. Pulse

pro water/l 125 | &9 56 |78 | 110 | 69 |41 772
120 | 69 . 51 | 84 118 7% | 46 e
1386 | 76 50 | 64 120 | 756 | 45 72
water . 122 | 73 49 | ve 111 | 75 |38 | 80
Qaat’watar 116 ?5} 48 - 128 8 46 -
S _Rtmﬁ R@aﬂgﬂﬁ 4045 e 2Readl )
Tulse "PULBS
L ayst. Diaot. Press,. wlae nyst. Dizst. Presa. Pulse
pre wator/ 118 | 68 | 50 g0 | 12¢ |70 | 54 | 72 |
118 89 | 44 - | 119 | 74 45 -
116 69 | 47 e | 116 | 78 | &4 -
Weter 180 7 | 47 g | 113 | 73 28 | 78
fuuﬁ waﬁ.# 117 78 | 46 - 11 | T4 37 -
B ‘ ndli ‘
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BYPRRIMEET 8 April 1919. {Table 3).

Resdings by A. Taylor, Senior Attendsnt, Physiologlcal
Department, University Aberdeen.

On each water day three lifrea were drunk
throughout the course of the &é.y from 9 8.m. t0 4 peme
Readings teken &t 12 noon and 4 Detla Readings were not
tsken at 4 p.m. on laat water day. Né readings were

teken on first post water daye
. _ZABLE 3 (See pege 13.)

12-12.30 pem. 4 Pt
Pulse Pulse
gyet. Diast. Press. Pulse Syst. Diast.Press. Pulse
pre water | 110 | 68 42 70 116 | 69 47 78
126 | 8o | 46 | 72 | 115 67 | 48 | 72
Water » 119. 64 55 74 112 | 65 a7 84
| 112 | 70 42 - - -

Post watoz( 102 69 42 70 lcg | 58

I‘ 100 66 24 74 94 | 66




GAPSRDLSNT_ 4 May 1919 (Table 4.)

Reading as experiment 3. _

The experiment was taken immedistely af?ei experiment 3
so that 6n1y five days olapsed,betwéen the water day of
experiment 3 and the water day of this experimemt. 2}
litres wore_taken between 10.30 s.m. and 12.15 PeMe
Resdings were taken 2t 10.30 2.ms. 12 noon and 4 p.m. The

4 p.m. reading on the second poatl water day was not taken.

TABLE 4 (See page 13.)

1030 QoM _'Re&di y; ’ 12 noon Readi % -
Pulse Pulse

Syst. Diast. Press. Pulse Syst. Diast. Press. Pulse
Pro water[ 109 | 58| 51 | 78| 101 |57 “ | %

116 67 | 49 78 || 118 |70 45 74
Water 114 86 48 76 114 |68 46 66
Poast VWater| 97 58 39 72 97 |63 34 70

02| 53 | 49 70 | 108 |61 47 70

4 p.m. Reading.

Syst. Disst. Pulse Pressure Pulge.

Pre waterfiio 63 47 72

 Toe | e | a2 72
vater 98 59 39 70

Poat water|104 | 63 . A 68 -
-1-0 - -

B




EXeARIMENT 6 June 1919 (Table §)

Readings by Dr. Helvin, lLecturer in Experimentel Physiology,
Universi ty, Aberdeen.

On each of the two water days 2 litres of water were tsken
on the firet day between 3 Do and 5 Pea, On the 'aoco‘nd
day between 10 a.m. anﬁ»lz nooOn. Réadings»woro taken

at 12,30 pem. 8nd 4 pem. Ho readings were teken on the

first and second post water days.

TABLE 6 (See page 14.)

LE.ﬁO E\tma Raading . A& p_.m. Rﬁwm;
rulse | Pulse

‘ syste. Dinst. Press. rulse 35yst. Diest. Press. Pulse
pre water[(108 | 67| 41 | 70 |12 ‘68 | s0 |72

{ 10 | 66| 46 | 77 |06 | 57 |49 |
‘T118 | 66| &7 | - |12 | 60 |62 |72
water (109 | 81| 88 | 72 11 | 54 | o7
) es 86 39 68 |08 | 65 7 | 63
Post ¥ (’ - - -1 -1- - -
Water N - - _ - ~ ~
T 206 | o3 sl | 7% |08 | 69 | 49

L!;ga 51 5 | 75 |02 | 66 | 46 | 78

e Ladli
v
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EXPERIMANT 6  August 1919 {Teble 6.)

Resd ings by Dr. Kinloeh, Lecturer om Public Health,
Unirvere.ity, Aberdeen.

Subject was on & constant high protein diet. On one water
éay three 11&98 of water were taken between 1 p.m. and

5 p.m. Readings were token at 9 n.m. before the firet
meal, at 1 p.m. and at 5 p.ms Readings were not taken
at 5 pe.m. on the first pre water dsy nor at 5 pe.m. on

the third post water day.

PABLE 6 (See pege 156.)

! 8 «Mse Re&ﬁig. o 1 Eomo Rea&gﬁ.

Pulse Pulse '

syst. Disst. Press. Pulse. Byst. Diast.Press. Pulse
Pre water || 106 | 56 50 64 112 | 60 | 52 72
| ) 206 | 58 48 64 112 | 58 | 54 76
water | 106 | B8 47 63 109 | 59 | 50 80
post water| 100 | 58 42 | 62 106 | 58 | 48 80
'{ 100 | 58 51| 68 | 108 |88 |50 | 72
\ 108 | 80 48 64 108 | 56 |52 | 82

5 i;.m. Reading.

Syst. Diast. Pulse Press. Pulse.

Pre water ( - - - - -
| ‘P 112 | 60 52 72
Yater 114 | 63 Toal 62
rost water 111 48 63 76
( - 170 | 85 §5 72

ﬂ - - - -




SBERIES B subject J.ReH.

EXPRRIMENT 1 March 1919 (Table 7.)

On each of three water days 1.t.'.wo litres of water were taken
’between 1l a.m. and 3 p.m. Readings were taken a2t 11 2.m.
end 2.30 p.me No readings were token after the 11 g.m.

reading on the third water day until the 3.30 p.m. reading

on the third post water day.

TABLE 7. {(See page 15.)

11l a.m. Reading. 3+30 p.m. Reading.
Pulase Pulse
Syst. Diest. Fress. Faulse. Syst. Dinat. Press. Pulse
Pre water| 114 74 | 40 - 111 | 67 | 44 -
112 | 72 40 - 109 | 70 39 -
veter (116 | 68 | 48 - [ [ er | 44 | - |
| ]{ 108 | 70 28 - 116 | 68 48 -
| k 102 | 66 36 | - - - Z o
Post wat 7/ - - - - 162 | 58 T S
kno 68 | 42 | 60 | 108 | 67 a1 | 58
(08 | 56 | s2 | 88 | 112 | 63 | 4o 0
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oAy RLLANT & rprad 191 (fable 8)

On the weter day three litres of water were taken beiwesn
12.30 peme 2nd & PoTe Resdings were taken a8t 10 f.m.,

12.30 PeMa, 3 PoMe and 4.30 pem. |

TABLE 8 (See page 16) :

10 s.m. Reading. ’ 12.30 Petie Reaéing. “

.

Syst. Disst. Pulue Pressare syst. Diast. Pulse Prose

Pre water (105 | 65 40 106 | 74 32 |

1 f

;11& 3 4% 117 | 73 44

Water | 115 |72 43 16| 75| 4 |

Post watex 113 | 70 43 13| 70 |
‘ 3 Psle Readi nge : 4030 Pea Reading.

Syste. Dioat. Pulse Pressure Syst. Diast. Pulse Press

Pre Water |106 | 65 41 111 72 39
112 | 73 39 112 "3 39
water 109 75 | 34 09 | "2 | 37
Post water| 105 67 3 | - 103 78 30




BEPARINERT 3 June 1919 {Pable 9.)

Reoadings by Dr. Helvin, Lecturer in #ixperimental “hysiology
University, Aberdesn.

Qp.the wator day three litres were token betwsen 9 a.m.

and 11.30 z2.me and 1.5 litres were taken on the previcue
avening between 6 pe.m. aud 7 p.m. Readings taken at

_ 12 noon ond 4.30 ~.me N0 readings were taken on the

first and second post water days.

PABLE 9. (see page 16)
12 noon Reading . 4.30 p.m. Reading.
Pul se . Pulse
syst. Diast. Press. Pulse. Syst. Diast. Pres:. Pulse
Pre water { 102 62 40 52 |102 61 |41 60
112 | 68 4 | 60 | 104 62 | 42 60
Weter ﬁu 70 4 50 | 101 61 | 40 66
Post watcr( 106 | 61 | 45 50 || 97 56 | 41 48
106 | 67 39 48 | 101 61 | 40 60
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EAPERIMSNT 1 ey 1919 (Table 10.)

On the water day thres litrea were taken between 10.40 3.
and 8 pome Readings wore teken at 10 a.m., 12 noon 2nd

_ & pam-o :
PABLE 10 (See pege 17)
10 f.ms REBEINL. 12 noon Reading.
' Pulse ' . pulee
‘ syst, Diest. Pross. sulse. Syste Diast.Preas. rulee.
Pre water |(( 126 |78 | 50 54 || 128 | 76 | B0 56
- 123 |78 | 61 72 | 126 | 76 |60 | %8
 water 124 |74 | 50 59 | 134 | 84|80 | 64
Post water| 127 - |65 | 64 60 || 123 69 | 54 84
|
& Eomo Rﬂaﬁiﬁo
gyst. Diast. Pulae Presgure. Pulse.
Pre water ( 120 70 50 72
o4
127 ” , 80 ‘82
water 118 64 B4 60 .
post water| 126 1 69 a7 ' 66 '
I :




On the water day four litres were taken between 10645 neme
an& B340 Do

No resdings were taken at ¢ pems on the second post water

day.

Pro water

-

rater

Post water

6.
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PABLE 11

12 noon Rosding

Pulse
Syste Disst. Press. Pulse gyst. Dieet. Pross. Pulee

(5ee_pagee 16 & 17)

Rendings were taken at 1% noon and 4 pems

4 peine Roading.

Pulse

fin | w0 | 8o | - 122 [66 | 86 | T2
Jam | e | 52 | 60 | 120 [e7 | 53 | 60
126 | 69 56 60 || 119 | 68 51 ’ 8
116 | 74 | 41 | 60 | 126 | 64 | 62 | 78
rnv 66 | 628 | e | 116 |64 | 52 | 60
[a20 [ o7 | o0 - JR S -




AEPERTHSAT S June 1818 (Table 12)

" on bhe first water day four litres were taken between

10.20 Bem. and 3.15 pem. 0n the second water day two

1itres wore taken between 10.15 2.m. 2nd 10.30 Seme

Reedings were taken &t 12 noon and 4 p.me

Only the

12 noon readings were taken on the first pre water day

and no readings were taken on the second post water day.

TABLE 12. (See page 17.)

12 Hoon Reading.

'4 pe.m. Resding.

Pulse Pulse |
‘ syat. Dimst.Press. Pulse. Syst. Disst. Press. Pulsc
Pre water {’iao 72 | 48 54 | ‘1zo0 |72 48 64
121 | 7L | 50 60 | 118 |63 | 55 | €8 1
&122 m | 51 60 124 | 56 66 -
Kater /’116 68 | 48 - 129 |48 | 81 - j
| 1\ 116 | 64 | 52 50 117 | 62 55 60
Post water (B | % | e &0 - |- - " i
118 | 68 | 50 60 118 | 69 58 éo}
119 | 69 | 50 54 118 | 65 53 72
\120 | 66 | 54 52 | 126 | ez _»_;4 | e 1
|




On the water day three litres of water were taken between
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D, . Subjﬂct Pealis

BXPERIMENT 1 (Table 13).

12,30 pemes 8nd 3,10 me. Readings were taken at 12.30 p.m.,

S Detta 8BR 4.350 peoMe

TLELE _13. (See page 18)

12.3C p.m. Reading.

3 ReMe Rg&un&o

Pulse Pulse
Syst. Disst. Press. Pulse. Syst. Diast. Press. Pulse
Pre water |( 131 | 82 | 49 77 | 131 |82 | 49 | 68
148 | 86 | 62 60 || 141 | 84 57 54
Fater 127 | 88 | 49 60 136 | 88 | 48 60
Post water 142 | 87 | 95 54 136 | 78 58 44
430 p.me Reading,
Syst. Diest. | Pulse Pressure. Pulse 2
fre water |{ 137 79 ‘ 68 60 |
Tz r 51 56
Weter 136 88 48 54
Post water| 134 87 7 47 50




SAPSRIMANT 2 May 1919 (T2ble 14.)

On the firel woter day one litre wans taken batween 10 z.m.
and 12 noon. On the gecond water day three litres were
taken batween 10 a.m. &nd 1 p.m. and on the third day three
litres were taken between 12 noon 2nd 1.15 pe.m. Readings
woere taken 8t 10 s.m., 1230 pems and 4 peme The 4 peme.

reading on the szecond post water doy wzs not teoken.

PABLE 14 (see page 1i9)

" 10 .M. Rea&il‘lﬁo 18,30 Pellle Readl -

Pruise Pulse )
Syste Di=st. Press. pulse 3yst. Diast. Press. ulse.
Pre water | 135 72 65 66 1356 |75 60 60
138 | 71 | 67 66 | 137 |75 | 62 | &8
136 70 66 84 || 134 |77 59 60
_\,_‘l o e _ .
¥ator 139 74 65 72 || 159 | 92 47 55
130 | 70 | 80 "lvé’f' 176 | 89 | 60
135 70 66 78 136 (80 | 56 60
Post water | 138 76 62 66 129 | 79 50 54
131 | 69 62 | - 72 130 | 80 50 60

4 p.me Headinge.

Syst. Diast. Pulse ‘ressure. TJulse.

Pre water | 132 70 63 - 72
| 153 78 55 59
Water 129 | 75 B4 66
128 | 71 57 78
152 | 178 54 63
127 | 75 52 84
- - - | -




EXPERIMENT 3. iay 1919  (Teble 15.)

On the water dsy aix litres wore t&ken‘ betwesn 12 noon and

‘5 p.ms Reedings were taken st 12.30 peme 8nd 4 pem.

PABLE 15.  (See page 19)

12. 30 Eoma Roaﬁ% .

4 Pellle Reading,

Post %aterr’126 78 51

Pulse Pulse
Syste Dimst. Procss. Pulae 3yst. Disst. Press. Pnl’
Pre water | 130 | 75 55 62 133 76 57
153 8 55 64 127 79
Water 126 | 719 | 54 61 120 | 75 | 54
60 123 73 50
126 71 55 64 129 | 70 59
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EXPERIMENT 1. Very low protein diet.

Diet. In grams »

Apple 100 : .

Banana 150 Protein a7
Potato : 400

Butier , 75 Fat 70
Sugax ’ ]

Coocosa 10 Garbo-hydrate 386
Bread &00

Subject met.33; weight at beginning of oxp. 67.8,at end 65.8 kilos
The diet wag contiauved for a preliminary'period of eight daya.
On the 9th, 10th and 1lbth days three litres extra of water
were drunk, The experiment was stopped on the 12th day.

The resulte of the first six days are omltied, the
only points of interest being a continuous loas of welaht, |
sn excretion of nitrogen in excess ®f the intske snd a |

uniform decresse of creatiaine from 1.567 to 1.320 grams per day.

TABLE PeCs
| | of |
Dey Amiae  (Creat- Creat-Tot.N |
of Wt. Urine Tot.N Urea N.H.jz Acid inine ine as Re-

Exper. kilog. c.c. gr8s. Negrs.Negre. N.gra. gra. grs. urea.markt

7 |65.97] 412 | 6.200 | 4.151]0.269(0.113 | 1.720 | - |65.9 dgx%;
8V

8 |060,97| 405 | 6.3C0| 4.157/0.185(|0.143 | 1.328 - |65.9| do.

1

9 | 65,80 (2830 | 8,010 6.629]0.231/0.163 | 1.330 | = |76.,9 g 1id
10 | 66,02 3548 | 64325 | 4.534(0.266/0.161 | 1.315 - |71.6 efgré

11 65,80 5602 | 6,125 | 4,3868(0,280/0.108 | 1.313 | « |71.6| do




6
7

8
9

10
18
13

Diet.

Sub jeot aet.22; weight at beginning of exp.57.8, at end 57,7 kiloeq
The dist was continued for o preliminary period of seven dsys.

On the 8%th, 9th and 10th days three litres extira of water were

drunk.

wlthout extrs water.

SXPERIMENT 1I.

On thre 11th 12th and 13th dsys the dliet was continued

In greme -

Ostmenl
Bread
Buttar
Apple
Gocon
Sager
Milk

83.

uogotatelx;;owAggotoLn diet.

protein

¥at

Carbohyirate

The first five d2y3 eve onitted from the

48
83
346

toble, ae they show no points of Intersst, The Iiret post water

day ie élao omitted, as the snalyeis showed the day's colleotion @

t0 hove been contaminstaed.

TANLE  I%. Dee !
of

~ Body Tot. Urea F.i.3 Amino Creat- (remt- Tot.N ;
wt. Urine ®. N o Acid inine ine a8 ¥
Day kilos. Cess ZTS: EXSe  ZTE. Hapi'Be gTs.. Zr8 urea Resarie ?
BT | GO0 [9.07 | 5410 00542 [0s1854 |1a850 | = | 67.3 | Fixed Diet
| 3 . i ) :

S%a7 ST0 [BeTTW ‘gogﬁ ﬁugé? (81756 1.423 | - 6?08 "
BBud | 2950 9487 6,90 | 0.4590.8633 |1.36c | = | 70,2 B lit.Hgo
58.2 | 510D | B+96 | 6o 12 |0.465 | 0.1827|14560 - | 68,8 | oXtra. .

B8.2 | 3400 | 9484 | 6441)0,459 [0,1970 | 24577 - | 69.4 ,

57.7| 880 | 9438 | 6444 (04336 [0.1970 |2.243 | = | 67.6| Fixed diel

57.7| 870 | 9.46 | 6458(0.403(0.1480 | 1,250 | « | 69.7 "

3



84. ,
EXPRRINEAT I11. Moderately high protein diet.

Dist. In groamp «

Sugar 100
"plagmon” 60 Protein 160
Cheeune . 800 ‘

Dried silmmed Milk 80 Pat 73
Bread 400 |
Gocoa &0 Carbohydrate 359
Butter 50

Apple 100

. Subject same as Exp.II, ast. 22; weight at beginning of
oxp. 7.2, a8t end O7.4 kilos.
On the Sth, 6th snd Tth days fhrae litres extras of water
- were drunk. On the third post water day the dlet wes

stopped. The table gives the results from the third day.

SAELE  Xil. Pe o
— of
Body Tote Urea Nibheg 4Anmino Oreat. Creat- Tot.N
wi. Urine i. H. He Acid inine ime a9
Day kilcs. O.Ge grée  gr8s grE. Heg¥Be grse £ra. ures
3| B7.2 | 1320 [1V.53 (16,98 (0,466 | 041274 | 1277 | = | 7947
‘& | 57,3 | 1040 [17.47 [14.08 0. 798 | 0.1060 [ 1,881 = | 80.3
B | 58.8 | 5450 |19.04|14,54 04609 | 041000 | 14332 = | 76ed
| 6 | B8.6 | 2695 (19.06|15.87 [04566 | 0,1081 | 1,406 = | 83,3
| 7 | 8849 | 2750 [18.72 14,99 (0,549 | 0.1172 | 1,843 - | 80.1 M
8 | 57.6 | 1050 [19.49 |16.26 [0.426 | 0.2744 | 1.400 & = 83.4 Fixedi
9 | 57.4| 1220[20.1%[26,67 0,440 0.0792 | 1,540 | = | 82.9| 2




SECTRIMERT IV,

Diet. In grame =»

Dried skimmed Milk
Chesse .

Bread
water

Vexry high protein diet.

- 600
300
300

3 litres

Protein

Carbohydrate
Bubject sot.8l; welght at end of exp. 67 kilos.

In this experiment the diet was continued for 15 daya.

819

163
179

On the Hih and on the 9th, 10th and 1lth days 9.6 litres of

water were drunk ia addition to the watér ueed in prepsring

the food,.

o & ©3 o

2300 40, 40

57.18

92,0

of
Tot. Uroe  [N,i, Creat- C(Crezt- Tot.N.
Urine He He inine ag
Ce o grs. £ ZTe urea  Remarks
1930 | 39.82 33,59 14660 84.4 | Pixed dle
1920 | 40,24 33482 14450 24,1 "
2180 | 42,19 (32,90 1563 40.4 "
2BEC | 43,55 (25.03 1,654 79.8 .
7470 | A0.19 |36, 41 1. 535 0u6 9.6 litstz;
2157 | 54,60 |¢7.71 ; 1,586 91.4 | Pixed die
210 | 52419 |85.06 | 1e6EC 2.6 "
2040 | AC. 22|56, 58 | 1.604 91.0 "
8370 | 40,19 |37.05 ¢ 1566 92,2 9,6 11ta.!14
' _z.‘;
8500 | 40,07 |58,68 |0 1400 94 n E
8070 | 39,24 |36.12 1e547 92,1 "
2440 | 54410 |51e28 1.687 91.6 | Pixed dlet.
2LOU | 3043455646 14606 92,1 " ’
2160 | BG.89 33,96 1.619 $2.1 "
1.648 "

yametd
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EXPERIMENT V.,

Diet creatine-free, containing:.

-

Protein 110
Pat 67
Carbohydrate 385

In this experiment nitrogenous equilibrium had not been
atlained before the increased water intske. Its results are
omitted in discussing the effects of water ou the exoretion

of total nitrogen.

TABLE V.
PeCe
of
Tot. Urea HN.H, Amino Creat- Create Tot.N.

Urine K. 4. Ne 8 Acid inine ine gTa.

eCe gre. 8rs. gra. N.grs. grs. Ers. Remarkas,

1298 | 10.885 8.458{0.322’0.243 1.330 - 77.7| Fixed Die

898 | 12,810 9.940;0.280 0.861 | 1.340 0.02 77.6|

3741 | 13,583 10.962 0,378 0.257 | 1.340 | 0.02 | 80.7|3 1its. H ¢

- ektra 2|
4020 | 13,02 | 10,596 [0.406 ; 0.229 | 1,385 - 81.4 5




GXCRBEPION OF ZALTS.
3ECTION II.
'| Bo. |Caloium Magnaslmi-;; Pota;sium Sodium fhilorides | Phosphates
| of o8 as o8 as.
g hrs. Kel. Nacl. Naecl, PO .
4 040096 | 0.0101 0.59 1,684  |1.827 04166
4 0,088 |0.0103 1,161 1,205 )1.74 9.2
16 042054 | 0,097 1. 209 3,297 2,61 1,245
4 0,017 |0,0095 0, 4303 1.1897 . | 0,67 0.165
4 0. 0389 | 0,0054 ©. 005379 1.,7961 |1.218 0. 24
4 0.0335 | ¢.0103 0,086 0.586 | 0,58 0;245
12 041578 | 0. 0205 4626 2,4654 1.0092 | 0,85
4 0.0143 | C.008 . 2958 0.6662 |0.5104 | 0.74
4 0. 0407 | 0.0038 «3228 1.1172 | 0.464 0487
4 0,03 | 0.0066 0. 2286 1.2114 | 0.522 Do 476
12 061332 | 0,0704 Ce4336 1.8164 | 0,696 1,046
"4 | D.0468 | 0s002 0.1948 07022 | 04348 0.245 =
4 0s 0545 | e 0031 Ue£012 D.9448 | 0,506 0e 655
4 0,04 | 0,0047 0. 2162 1898 | 0.551 0036
{22 0.1076 |0.0813 Do 555 2,401 | 1,044 1,65
8 0,0954 | 0,0043 003077 2.0723 | 1.16 0455
0.0664 | 0.0096 0o 3496 1,8084 | 0,928 0,486 :
© 0.1411 10,0292 00 2582 24738 | 1,292 1.24

Three litres extrs waier was teken on fourth day,
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