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I N T ROD U C T ION. 

This investigation was carried out in an att.empt, to 

determine the nature of some of the physiol.Qgical changes, 

particularly the shift. in the water balance during the rise 

1m temperature following pyretic doses of cocaine. It, is: 

well known that coC":&ine fn sufff.c'ientl.y large doses produces 

an almost immediate and rapid rise in hody temper&ture 

assocr.1ated with increased metabolism. and motor e.ctivity. 

Reichert (1). The increased motor activity becomes eyiden.t 

soon. after the injection of the coc.ine. Extreme restless-

ness, muscle twitching and tremor progressfDg into clonic 

conwls ions: may lie observed. 

Barbour and Moise (2) have shown in dogs given 

pyretic doses of cocafne that the percentage of hlood solids 

and red hlood cells hath il:lCrease' ao:incldentally with the rise 

in temperature. Later Barbour (3) haS" shown more· conalusively 

,that during the rise in temperature following aoe:aine in dogs 

there is a loss of flui,d from. the hl.ood stream as the specific 

gravity of both whole hIood and plasma 1s iDereased. Barbour 

and )(ois:e (2) state that the disturbance thus prodl1ced in the 

heat eliminating mechanism of the organism by the concentra,ted 

blood is of greater s:ignificanoe for the production o:f fever 

than the muscular act!,,-i ty. (Otherwise ordinary exercise would 

produce high fever.) 

I 
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What then is the fate of this fluid which leav6's the 

blood stream:? The water content of the brain was first in-

vestigated in an, attempt to answer this question because 

several. prEf'V'ioUS findings indicate a e lose assoc:iation between 

bra.in edema and _ pathologically increased muscular act-ivi ty. 

For example, Harbour and others (4) and Flowers, 

Dunham' and Barbour (5) in experiments on acute withdrawal from 

morphine addictions in dogs and rats have found an edema of 

brain, Ii ver and kidneys,. anbY.'dremf1& J diarrhea and a disturbed 

temperature regulation asso(::i'ated with evidence of increased 

motor aotivity shown by restlessness, marked mus~u~ twit~hing 

and tram-ors. Ellerbrook, Dunham and Barbour (6) have described 

an edema- of the brain ill. rabbits assooiated with manifestatioXIS' 

2 

of increased motor aottvi ty following admd.nirtrat,icm of pi treS'sin. 

MoQuarrie (7) has found that. parenteral adminis~tration of 

sollltion of pi tui tary or of the antidfuretfc' hormone of hyp'o­

Bh.ysls causes the d8'V&lClpment of a pos:l"tfw water balJmoe and 

'tlie OCl'Currence of seimres in the epileptic subjeet-. 

(8) has shown that. the inj,&ction of large quautit,ies of water 

su:b.se~ent to pituitary extract~ results regularly in the follo.-

i'ng tram Qf symptoma: Asthenia" rest,lessneas, vomiting" tremor" 

salivat,ion" muscle twitching, ataxia, cl.cmd.c and tomc OOD.-

~ls:i ons, frothing at. the mouth and s t~or or coma. He has also 

auceeedEJd fn producing the above train of sympt.ams by simple 



... 

! 

water intoxication without pituitary extract 1 In cats with 

aeute parathyroprivia and guanidine tetEni~~ Ellis (9) has 

found that brain, kidney and striated muscle have a' higher 

water content t~ the same tissues from normal eo~trol 

animals. He also finds that the hlood in rats in acute 

guanidine tetany has a lower water content than normal rat 

hIood. 

In the experiments on acute morphine withdrawal, 

pitressin,. water fntoxicatian and the parathyropr~via and 

3 

guanidfne tetanies: the symptoms of increased motor e'xc'itability, 

which in most.of these was associated with ~ edema of some 

body t.issues ~ especially the brain, are: closely analagou& to 

those seen following pyretic doses. of cocaine. This and other 

s imilari.ties between fever and the condiittons- just deserihad, 

lead to the beli'ef that the fluid whi.ch leaves the b.lood stream 

in cocaine llyperpyrexia might:, he shifted to the brain and thus 

~ccount for the Similarity of symptoms. The faa;t. that the 

change in blood concentration following pyretIc doses of cocaine-

is reveraib..le, Barbour and Mo:ise" (2) also makes one be I.lave 

tha t the- fluid re.rne.ins somewhere wi.thin the body. 

Later it was decided to determine more Completely the 

fate of this water which is lost from the blood strewa during 

tb:e rise in temperature·. 

J 
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The possible sources of depos.ition or elimination 

of this water were then studied. The following schema 

illustrates the method of attack. 

Water 
lost 
from 
hlood. 

Possible 
water 

I. shift 
within 
body. 

Possible 
change in 

II.rate of 
loss from 
body 

A. Body tissues 

B. Body cavities 

Brain 
Muscle 
Liver 
Skin 
Kidney 

Pleural 
Pericardial 
Peritoneal 

A. Vaporization from skin and 
Respiratory tract. 

B. Excreted 

Kidneys 

Alimentary 
tract. 

Saliva 

Gastro­
in te s t.inal 
contents. 
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I. INVESTIGATIONS CONCERNING A POSSIBLE WATER SHIFT WITHIN THE 

BODY. 
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I. Investigations Concerning a Possihle Water Shift With.in 

the Body. 

METHODS. 

In the experiments healthy adult "New Zealand Red U 

Rabbits of the same stock were used. practically &11 rabbits 

werEi' males, especial care being taken when females were used 

to avoid pregnant ones. They were all kept in the same 

animal room on a standard diet with free access to water. 

Only rabbits in a good state of- nutrition,. free from any 

evidence of disease were' llsed in the experiments. 

A few experiments were done to' determine the typical 

effect, for this group of animals, of a standard pyretic dose 

of cocaine upon the m.otor ae:'tivi ty, rectal temperature and 

hlood specific gravity of rabhits kept, as nearly as possible, 

under the s:ame conditions as those to be use-d later in this 

work. All rectal temperature readings, wera taken wi t..h a 

. C'11nical thennome'ter inserted to a st~ndard depth of approxi-

mately 8 cent.fmeters" care being taken to get, the maximmn 

reading each time. Specific gravity determinations were 

made hy the falling drop method (10). Afteraome study of 

the effects of varied doses upon motor act,i vi ty, re ctal 

temperature and blood spec-fflc gravity, .. standard dose of 40 

milligrams: per kilo was adopted. The typical efreat of this 

dose upon rabbits. kept under our standard conditions is shown 

5 
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Table 1. 

Room Conditions Rabbit No. 63 Rabbit No. 64 

Room Humidity Cooling Rectal Sp. Gr. Observed Reaction Rectal Sp. Gr. Observed Reaction 
Temp. in Power Temp. of of Animal Temp. of of Animal 

°C. Per Cent in °C. Whole I °C. Whole 
Millical. Blood Blood 

Per 
Sq. Cm. 
Per Sec. 

LO:OO 26.0 48 13.7 
i 

Ll:OO 26.0 46 11.7 38.80 1.0481 Quiet 

L1:20 rr 38.65 1.0483 Quiet 

Ll:30 39.00 1.0483 rr rr 

.1:40 39.00 Cocaine Injects4. 38.80 " 

.1: 50 1.0471 " 

.2:00 27.0 48 10.9 Convulsions 38.80 Cocaine Injected 

.2:20 40.20 1.0510 " Slight Convulsions 

.2: 30 41.00 Few Convulsions; 39.70 No Convulsions; 
Restless Restless 

.2:40 41.90 No Convulsions 40.45 1.0505 Restless; Moving 
About 

.2:50 41.85 1.0484 

1:00 26.2 48 11.3 40.90 1.0603 Continued Restless-
ness 

2:00 26.8 45 10.8 Quiet 

2:10 39.70 1.0482 n 

2:46 " 39.60 1.0466 Q.uiet 

3:00 26.9 45 10.6 " " 
3:10 39.20 1.0474 " " 
3:30 39.30 1.0466 n 
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Fig. 1 
A. Rabbit No. 04 

B. Rabbit No. 03 

Showing the etfeot ot oooaine 
( 40 mgm. per kilo) on the reotal 
temperature and blood speoitio 
gravity. 

Small dots - reotal temperature. 

Large dots - speoitio gravity ot 
whole blood. 





in table "I. FIgures I A and B &re plotted from. this table. 

If the fluid which leaves the hlood stream follow-

ing pyretic doses of eocaine remains within, the body it must 

be shifted to some one or more of the body organs, tissues or 

cavities. This shift should, therefore, be deteoted by com-

paring the percen.t solids of the body tissues and organs and 

the fluid con.tent of the body cavities of normal rabbi ts- wi th 

those of rebbits fevered with cocaine. 

A. Body Tissues. 

1: During the course of an experiment all anima.ls used 

were kept under identical condi tiona: and handled similarly. 

Care was taken to avoid excitement of the animals during the 

experiment as this is !mown to cause a marked concentrat.ton of 

the b1.ood (11). ,If an animal became exc·ite-d it was either 

discarded or given ample time to recover oompletely before it 

was used. 

Koch and Koch (12) have shown that there is a rapid 

increase in the percent solids of the brain of rat·s with in-

cre.asing age up to 120 days. Haldi J Larkin and Wright (13) 

have shcnm th_t the percent solids of the brain of rabbits 

alao increase slightly with increased age .. Therefore, in 

this work it waft deemed nee'e'Ssary to use animals of the same 

age. Reference to tables a, :s: and 4 will show how well this 

a 

'~." -: 1 
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'. factor was controlled. 

To determine the percent solids the animals were 

quiakly decapltat&d without causing them to become excited 

and samples of the tissues removed and weighed immediately. 

Rigid routine during this procedure was maintained in thEl 

entire series so &s to eliminate as nearly as possi ble 

variahili ty in time from killing to rem.oval and weIghing. 

... 0 
The tissues were then. dried in an oven. at 100 to 105 . C. 

After their weight had become constant the percentage solids 

was calculated. 

RES U L T S. 

The results of this series of experiments are 

tabulated according to groups of rabbits in tables 2A and B, 

3 and 4A and B. Table 5 is a summ.ary of the entire series. 

Reference to the tables will show that variat.ions due to a 

slight difference in age between. groups is insignificant and 

that the other conditions are well enough controlled t,o mak.1l 

9 

the entire series comparable. Therefore, it seems justifiable 

to compare the entire series rather than each group separately. 

In table five, the Qolumn of average differences 

between duplicate samples serves as a check on the technical 

method. The last column showing the standard deViation of 
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Table 2. 

A. Average Room Temperature 24.80 C.; Maximum Variation from Average 1.20 C. 
Rabbits 98 Days of Age. Food and Water Removed 4 Hours before Experiment. 

B. Average Room Temperature 24.260 C.; Maximum Variation from Average 0.260 C. 
Rabbits 87 Days of Age. Food and water Removed 2 Hours b.fore Experiment. 

Rabbit Weight N Average Maximum Change in Time Total Solids 
Number Normal Rectal Change Rectal from Av. of 

Rabbit Temp. in Temp. from Cocaine Duplicate Samples 
F before Rectal Normal at to 

Fevered Cocaine Temp. Time of Killing Basal Kedu11a Cerebrum Skin J..!u.sc1e 
Rabbit after Killing Ganglia 

Cocaine 

A. kilos °C. °C. °C. hrs. % % % % % 
48 1.90 N 39.36 0.30 23.60 28.10 ·20.96 

46 1.95 F 39.05 0.35 0.35 1.50 22.10 28.80 . 20.65 

44 2.00 F 39.56 0.65 0.65 2.00 22.36 27.90 22.05 

47 1.80 F 39.15 0.85 0.40 2.60 23.16 29.05 20.30 

Average Normal 23.50 28.10 20.96 

Average Fevered 22.60 28.60 21.00 

E. 54 1.50 N 39.40 0.00 22.65 27.70 20.55 25.45 22.55 

51 1.90 N 39.65 0.15 23.90 1'1.30 20.85 26.10 23.05 

52 1.63 N 39.45 0.06 23.'10 28.00 20.'10 24.70 23.00 

49 1.'18 F 39.30 0.6.0 0.60 1.00 23.05 27.75 21.50 27.40 23.25 

53 1.68 F 39.20 0.85 0.85 1.00 23.55 2'1.'15 21.55 25.85 22.50 

50 1.70 F 39.50 0.70 0.70 1.75 23.90 27.00 22.15 2'1.20 23.05 

Average Normal 23.42 27.67 20.70 25.42 22.87 

Average Fevered 23.50 27.50 21.'13 26.82 22.81 ~ 



Rabbit Weight N Average 
Number Normal Rectal 

Rabbit Temp. 
F before 

Fevered Cocaine 
Rabbit 

kilos °e. 

57 2.10 N 39.20 

69 2.03 N 39.35 

68 1.88 N 38.90 

69 1.75 N 39.35 

65 2.34 F 39.55 

70 1.65 F 39.45 

68 2.24 F 40.00 

60 2.00 F 39.00 

67 1.85 F 38.80 

Table 3. 

Constant Room Temperature 26°C. Ral 
Food and Water Removed 3 Rourl 

Maximum Change in Time 
Change Rectal from 

in Temp. from Cocaine 
Rectal Normal at to 

Temp. Time of Killing Basal 
after Killing Ganglia 

Cocaine 

°C. °C. hrs. ~ 

0.00 23.11 

0.10 24.26 

0.00 23.40 

0.00 23.40 

1.10 1.10 0.33 23.90 

1.55 1.56 0.50 2Z.00 

1.10 1.10 1.00 23.41 

1.36 1.35 1.00 23.21 

1.30 1.30 1.00 23.91 

Average Normal 23.51 

Average Fevered 23.5 



Table 3. 

ture 250 C. Rabbits 114 to 121 Days ot Age. 
Removed 3 Hours before Experiment. 

ime Total Solids 
rom Av. of 
caine Duplicate Samples 
to 
11ing Basal Medulla Cerebrum Skin Mu.scle 

Gang11~ 

hrs. % % fa % % 
23.15 2'1.45 21.60 28.20 

24.25 2'1.80 23.36 31.40 

23.40 2'1.70 21.46 33.'10 23.45 

23.40 28.35 21.10 26.20 22.'10 

.33 23.90 28.35 21.30 31.00 23.'15 

.50 23.00 2'1.20 21.15 26.75 21.55 

.00 23.45 28.65 21.45 29.60 

.00 23.25 28.05 21.25 28.15 

.00 23.90 28.95 21.80 36.00 23.80 

ormal 23.65 27.83 21.38 29.88 23.08 

eve red 23.50 28.22 21.39 30.10 23.03 

, 

Specitic Gravity 
• ot 

Whole Blood 

Liver Normal Just Change 
before in 
Killing Sp. Gr. 
Rabbit 

to 
28.60 1.0501 1.0492 -.0009 

31.35 1.0498 1.0508 +.0010 

28.66 1.0480 1.0473 -.000'1 

2'1.75 1.04'10 1.0472 +.0002 

24.'15 1.0479 1.0491 +.0012 

26.36 1.0463 1.0493 + .0030 

25.50 1.0445 1.0440 -.0005 

25.85 1.0490 1.0500 +.0010 

2'1.26 1.0485 1.0506 +.0021 

29.09 1.048'1 1.0486 -.0001 

25.74 1.04'12 1.0486 ..,. .0014 
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Table 4. 

A. Average Room Temperature 26.60 C.; Maximum Variation frOIl Average 1.30 C. 
Rabbits 106 to 113 Days of Age. Food and water Removed 6 Hours before Experiment. 

B. Average Room Temperature 29.00 C.; Maximum Variation froll Average 1.6°.C. 
Rabbits 180 Days of Age. Food and Water Removed 6 Hour., betore Experiment. 

(eight B Average Maximum Change in Time total Solids Specific Gravity 
Normal Recta.l Change Rectal from Av. of of 
Rabbit Temp. in Temp. from Cocaine Duplica.te Samples Whole Blood 

F before Rectal Normal at to 
. 

Fevered Cocaine Temp. Time of Killing Skin )la.so1e Liver Kidney Normal Just Change 
Rabbit after Killing before in 

Cocaine Killing Sp. Gr. 
Rabbit 

kilos oC. °C. °C. hrs. % ~ % % 
• 

1.62 If 39.46 .00 27.30 11.80 24.75 16.75 1.0392 1.0385 -.0007 

2.64 N 39.35 .30 28.00 12.'15 2'1.10 23.80 1.0411 1.0392 -.0019 

1.85 N 39.35 .10 26.50 11.45 2'1.85 22.20 1.046'1 1.0465 -.0002 

1.'15 F 39.65 1.45 1.46 0.67 26.90 83.05 24.90 22.40 1.0459 1.0468 ~.0009 
! 

1.51 F 39.30 .90 .90 0.75 27.65 21.20 24.95 19.65 1.0414 1.0437 ...... 0023 

2.29 F 39.20 1.10 1.10 1.00 26.55 22.90 26.'15 26.25 1.0501 1.0505 +.0004 

Average Normal 26.93 18.67 26.5'1 20.58 1.0423 1.0414 -.0009 

Average Fevered 26.70 82.38 25.53 22.'1'1 1.0458 1.04'10 +.0012 

2.01 N 39.40 .30 28.43 21.'16 

2.35 If 39.35 .00 28.81 21.33 

1.80 F 40.15 .80 .80 .50 26.79 23.58 

1.90 F 39.45 1.35 1.35 1.00 26.98 20.19 

2.33 F 39.16 1.65 1.65 1.60 26.61 21.62 

2.55 F 39.45 1.60 1.60 2.00 27.72 21.80 

Average Normal 28.62 21.55 
A .... _____ ~_.1I" ___ ;a 

Oil!! nn 0' no 
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Table 5. 

Summary: Tissue Solids of Normal and Cooaine Fever Rabbits. 

Total Number Average Standard 
of Total Solids Deviation 

Determinations of Average 

Normal Fevered Normal Fevered Average . Normal Fevered 
Control Rabbits Control Rabbits Difference Control Rabbits 
Rabbits Rabbits between Rabbits 

Duplicate 
Samples 

% % ~ 

Basal Ganglia 8 11 23.49 23.23 0.805 + 0.1'1 ±0.1'1 

Medulla 8 11 2'1.80 28.12 0.695 +0.12 ±0.21 

Cerebrum 8 11 21.0'1 21.3'1 0.54'1 + 0.33 ±0.16 

Skin 10 11 2'1.06 28.46 1.652 ±0.93 ±0.82 

Muscle 8 9 22.84 22.'18 0.306 +0.19 ±0.30 
• 

Liver 9 12 28.14 26.03 0.419 to.ISS ±0.29 
I 

Kidney 5 '1 20.9'1 22.21 1.142 +l~Z' +0.84 
L-.-

, 
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the average ~f all normal and all fe'Vered rabbits res:gect.i ve-

ly, checks also the aiol.ogieal. varfahility of the animus. A 

glance at tab,le flve will show that the- variat1.ons between 

animals are remarkahly small in. all the tissues studied ex-

capt the skin and kidney. 

Brain: No significant change in tota'l sol-iela from 

the det&rmined normal was found in any of the three &natomfcal 

divisions of the brain studied. These three, basal, ganglia, 

medulla and cerebrum include most of the brain. tissue and 

woul:d undoubtedly show the change ff one occurred. The 

average dffference in dupl.fc-ate sample,s is well under one 

percent in all three divisions indicating that the technical 

error is not so great as to overshadow any significant change. 

l'he, standard deviation from; the average is also small showing 

" 
that the· a::t:.lma1.s are comparable. 

Skin: The large variation between "duplicate" sampl&s 

and the relatDvely high standard deviation of the avera@9 of 

these determ:fnationS' seems to preclude any positive c.onclusiona. 

The apparent increase, of over one percent in total sol-ids would 

indfcate however, that the skin does not at any rate take up 

wa ter after cocaine. 
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Muse-Ie: The tota~ so~ids of skeletal muscle 

-agree very closely for normal and fevered rabbits. The 

teahliical error and the standard deviation of the average 

are both low. Evidently the skeletal musclature plays no 

part in the water shift following pyretic doses of cocaine. , 

Liver: In the group of rabbits in Table 3 the 

average total solidS· of the 11 ver for the fevered rabbits 

is 3.-3% lower than 1n the norma1 con.trols-. In Table 4A, 

the fevere~ rabhits are slightly over 1.0% lower while in 

Table· 4B they are about a.qt lower. Figure a is plotte'd 

. from Table 4B. The average for the entire series from 

Tahle 5 shows that the 11 vel' solids. are· de-crease-d by a .. ll% 

from the normal control average. The perceatage tatal 

solids is 28 •. 14 for the fevered rabb.its as against 26 .. Q3 

for normal rabb.fts.:, showing, therefore" a 7.50% decreas.e. 

The average difference between duplicate s&mples is less 

than. one-half of one percen.t while the standard deviation 

of the average of the entire series of an::lmals is relativeTy 

insignific:8ll.t fn. face of such a large decrease in solids. 

This decrease is solids must be brought about hy an increase 

in the fluid content of the liver. Figure 2 shows that this 

is mos~ marked at one-half hour more or less after the 1n-

je~tion of the pyretic dose of cocaine, the effect still 

persist-ing after two hours:. 

- ~;;---

l 
15 



Fig. 2. Showing effects of cocaine, (40 mgm. per kilo) on 
total solids of liver. 

Crosses and squares at left represent solids of three samples 

16 

of liver from each of two normal control rabbits. Crosses represent 
Rabbit No. 102 and s quares Rabbit No. 100. 

Dots represent solids of three samples of liver from each of 
four fevered rabbits. The continuous line is plotted through an average 
of these points. 

Abscissae, time from injection of cocaine to taking of samples. 

From Table 4B. 
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Kidney: These reslt~ts, lIke those upon the skin are' 

extremel.y variable. It was Ilractic-ally impoasib,le to secure-

duplicate samples which would agree within the limits of error 

of the gravimetric method employed. Also the variabIlity be-

tween. animals which were satisfactorily c'Omparab.le for the stu-dy 

of other tissues was so great as to invalidate t.h.e results. 

However,.. one can see no reason to believe that there is an in:-

creaSEI' in. the fluId content of the kidney after cocaine, and 

solIta decrease possib-ly occurs. 

B. Body Cavities. 

An 8'ttempt was made to determine the fluid «'Ontent of 

the pericardial, Illeura:~ and peritoneal cavities in. normal con-

trol. ailimals and in felTered. animals .• The cavit,ie,s were care-

fully oRened and the fluid caused to drain. to the lowe-st point 

in each caVity. After allowing one or two minmteS' for drainage, 

attempts were made to re:eover and measure the fluid in a small 

fine tipped pipette. 

Usuall.y it was impo'ssihle to recover a measurable 

quan.tfty of fluid in either of the three cavities. In It few 

normal. and a few fevered animals 0.,1 to 0 .. 2 cub.ic centimeters 

was recovered from the peritoneal caVity. In no' cases. did 

there- seem to be any relation between th.e amount o:f recoverable 

fluid and fever.. This indicates that. there is no increase in the 

fluid content of either o'f the three cavities fo:llowing pyret.ic 

doses o'f 0'0'0.8 ine • 
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DIS C U.8 S ION. 

During the rise in temperature produced by coca;ine 

in rabbits the blood· is more concentrated due to: a deereaae 

in plasma rather than. an increasEr in cells. Existing evidence·, 

pointed toward· ~ water shift within the body.. As pointed out 

earlier in this paper there seemed to he good reason to look 
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for part" at least" of this fluid in the brain.. The above re­

su~ts show that it does not go there. The motor act<ivity and 

other caatral factors predisposing to fe17er therefore! must be 

ascrfhed to' a: direct effect of the alkllloid upon the brain c'e'lls, 

unsupported hy hydration. 

The importance' of the skin in the heat regu.l.at.ing 

mechaiLism is univers:ally recogni2red. That. fluid might. be stared 

in the skin during the rise in body temperature, thus affecting 

the abil! ty of the organism to eliLminate heat seemed possible. 

The above results indicate" at least. that the skin does not 

store wat.er in cocaine fever and show that the skin. may even. be­

C.OlD.&· drier- during the rise in temperature. 

The large bulk of the· skeletal musculature makes it B. 

storehouse for large quant.ities of water. That the water lost 

from the blood stream could easily be stored there with a 

possihle effect. upon heat production seemed within reason.. He­

suIts of the above series of experimcents show, howe·ver t that there 

is no change in the water content of the skeletal musculature after 

c·ocafne. 
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Lamson (14) has emphasized the ro:le of the liver in 

the regulation of blood volume and has sh.own that following 

epinephrin fluid escapes from the b.lood into the liver 

lymphatics. It is known that the liver aida in the destruction 

of cocaine within the body.(15) In our experiments, out of all 

the possible places of storage af water loat from the blood 

following pyretic doses- of cocaine th.e only one showing a 

si'gnificant change in water oontent. is the liver. 

Is this storage of water in the Ii ver then due to all. 

epine-phrin, like effeot of cocaine or to the texttc effects of the 

coc:aine upon 'the liver oells? In this oonnection Ehrlich (16) 

has shown that the livers of mice, following the continued ad­

minfstration of cocaine" are g~eatly increased in size, anemi.c 

in appearance and show upon mioroscopical examination all stages 

af cell degeneration, the most striking change being a vacuolar 

degeneration of the' cell protoplasm. Wallace' and Diamond (17) 

stu:died the eoffect of cocaine on the lfver of a series of animals­

of different speoies.. The cocaine was administered over periods 

of two to thirty days in dos'es' suffici'ent to induce typical oocaine 

symptoms. Vacuolar degenera.tion was fottnd in the rat and guinea 

pig while in the rabbit" dog and cat. the most striking change was 

a wide spread grahular degeneration. The rabbit I s liver was en­

larged and pale, the oe lIs he ing enlarged and the nucleus surround­

ed by more or less clear zones containing a varying number of 

granules.. There Vias no evidence of an inflammatory reaction and 



the nuclei .were unaffected. Gi~bert and Carnot (18) in studies 

on the effect of the chronic action of sQa-rce~y toxic doses of 
.. 

cocaine in rabhi ts ohtained a vaau-olar and fatty degeneration 

of the endothelial" hepatic and biliary cells, the most notice-

able efrect being upon the endothelial cells of the liver. They 

also found that the liver was often hea'Uier than normal. In view -. 

of the above, the increase in water content of the liver is 

ev:ident~y associated with direct toxic changes and it is un-

necessary to~ postulate in addition a sympathetic nerve effect. 

Our experiments show that there is a shift of water 

within the hody during the rise in temperature following pyretic 

doses of cocaine. Water is transferred from the blood to the ... 
liver hut to none of the other tissues or any of the body cavities 

studied. These results seem to agree well with the findings of 

Gi~hert and Carnot (18)". who". after repeated small doses of 
,- .' 

CQ'Caina found no' pathological change in any organs of the body 

except the ~iver. 
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2,. INVESTIGATIONS CONCERNING A POSSIBLE CHANGE IN THE RATE OF 
I • 

WATER LOSS FROM THE BODY • 

• 
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II. Investigations Concerning a Possible Change in.. the Rate of 

Water Loss From the body. 
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Is water loss from the body increased by pyretic dose,s 

of cocaine? 

Al.though the amount of water shifted to the liver, as 

shown in Part. I, is prQbah~y sufficient to account for the blood 

concentration, other exchanges are by no means precluded. In 

cases where there is a known disturbance of the heat balance of 

the body, it is part.icularly pertinent to look for ahanges in the 

rate of vaporization. 

A •. Vaporization of water from the body: A study of the "Insensihle 

Loss." 

The tttnsensihle loss n of weight has been defined by 

Isenschmid (19) as equal to the weight of the water va.porized, 

plus the carbon dixide excreted minus the oxygen. absorbed. 

E'Vidently determinations of the gaseous exchange are as necessary 

~to a; calculation of the water balance as of the heat balance. Such 

observations: were· therefore made- in conjunction with the study of 

the body weight. 

METHODS. 

Habbits of the same stock and age as those employed in 

the study o:f tissu.e solids were used. Atm-ospheric condit ions 

ware maintained as nearly constant as poss ible but in some &x­

periments,. due to a change in season_ it was impossible to maintain. 
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a dry hu-lh temperature as low as previous ly used. However, 

cooling power was maintained within lim:its considered com-

fortable for m-an. As ~easure~ hy the wet. Kata-thermam$$er 

it varied in all the experiments only from 14.5 to 19.3 mill! 

calories per sq .. cm •. per seco.nd. Circulation. of air we-s 

maintained hy a small fan" nat hlown directly upon the animal. 

To avoid marked convulsive effects, the dose of cocaine 

was reduced from 40 milligrams per kilo used in the tissue studies 

to' about 30 milligrams_ per kilo in the met.aholislD. work. This 

smaller dos. gave a typical. reaction to cocaine; feehle con-

vuls ions were somet~mes observed. The rise in reotal temperature 

occurred as promptly as after the larger dose. 

The weight loss was determined by sus:pending the animal, 

in a light wire· basket" fro~ a balance sensit.ive to 0.,1 gram. In 

most experiments weights were taken every half hour, while in a 
, 

rew case-so hourly periods were used. By carefu~ massage of the 

bladder and rectum at the beginning of the experiment,enough 

urine and feces were' forced out so that these factors rarely 

complicated the weight loss .. A pan suspended under the basket 

facilitated the detec;tion of any evacuation. If evacuation did 

occur,., the last previous weight was discarded; the excreta re­

moved and a new period started. In none of the experiments de-

scribed in this paper 'Were urine or feces evacuated after cocaine 

admini s tr a t ion. 

Rectal temperature readings weE'e taken as described 

previous ly 'With care to avoid adding to or suhtracting from the 

animals weight during this proce,dure. 
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In determlnfng the reapiratory exchange the expired 

air was collected in a very light rubber bag, the inflation of 

which offered very little resistancre tQ expiration. A mask, 

made from the light. metal cap of a therntos hottle, was fitted 

tightly over the rabbit I s face at least. an hour before the be-

ginning of collection of samples for analysis. 

connected through a T-tube to the rubber bag. 

Ttli s m.as k 11 as 

The inspiratory 

and expiratory valves: were made of sausage casing as described 

by Peorce (20). It was found that this system offered very 

little resistance to the anfmals breathing and that after a 

short pre~iminary period of excitement when the mask was applied 

the animal became quiet and ap.P.EUI.r&.1i to braathe normally, wi thQut 

effort .• 

After the animal had remained quiet for at least an 

hour, the experiment was begun. The body weight. was taken wi th the 

mask in place, the rectal temperature record&d and the T-tube 

c.onnected with the mask. The animal was allowed to breathe 

through the valves for a few minutes, after which expired air 

was collected in a basketball hladder until it wa.s ahout half 

full .. It was then disconnected and the large soft. rubber bag 

connected to the T-tuhe. The expire>d air wa.s c;ollected in this 

bag for exactly fifteen minutes after which the partly filled 

b~sket-hall bladder was again s~hstituted. After filling was 

completed samples were taken from it for immediate analysis. 

::r:~ a few minutes remained in each period for weighing and 

taking the rectal temperature. 



To obtain the volume of expire-d air the contents of 

the light rubber bag were run through a gas meter. The volume 

for the half hour period was assumed to be just twice the amount 

mea rured. while the samples from the basket-ball hladder were 

considered representative of a mixed sample Q,f expired air for 

the period. 

Following S'9"'teral normal periods and just after ~ final 

normal rectal temperature reading the cocaine was injected and 

the animal followed for several more periods. The exact weight 

of the cocaine solution injected was taken into account at the 

n&xt, weighing. 

Samples, of expired air were anal.yzed immediately after 

colle'ction in order to guard against a change in composition due 

to diffusion through the walls of the basket-ball bladder. 

Anal:yses were made on each sample in duplicate in a Haldane , 

respiratory gas analyzer as desarib,ed hy Henderson (21) whose 

method of calculation was followed., 

Bath insensihle I.oss and metal.holism have been express-

ad in terms of surface area.. Surface area of the rabbits was 

calculated by the Rubner-Meek formula: O·,2.S{l W" 

(22) where' W represents the b.ody weight. 

RES U L. T S. 

The results of five experiments on the·ef~ect of pyretic 

doses of cocaine upon the rate of insensible loss are given as 

follows: 
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Exp. 1 in Table 6 and Fig .. :3 , .... ~ 

Exp. 2 in Table 7 and Fig •. 4 

Exp. :3 in Table 8' and Fig. 5 

Exp. 4 in Table 9 and Fig .. 6 

Exp. 5 in.. Tahle 10 and Fig.7. 

In Exp. 1 no data on the respiratory ~xchange were 

taken while in all the other experiments given,. the change in 

weight. due to CO 2 .. - 02 was taken into account .. giving in 

addi tion. the expired air volume and the t.o:tal heat production. 

Atmospheric: conditions and recta1. temperatures are given for 

each experiment. 

What are the effects of pyretic doses of cocaine upon 

the inaensihle loss? In a study of the en.tire series it ia 

plai~y aeen that the loss due to vaporization o-f water is not 

great1.y changed during the first hall hour after the cocaine in-

j}~ct.ion. But it is during this. first· period that the blood con-

c:entration occurs as shown previously in Fig. 1. Also it is 

during this first half hour that the sharpe-st rise in the fever 

eurve takes pace. In Exp. 1, the total ins&nsihle ~oss for 

.. e-ach af the three hours after the cocaine was less than the 

average for the two hours previous to the cocaine •. In Exp. 2" 

the total insensib.le loss was increase'<i hy 11 •. 6.% while the ~os:s: 

due to vaporization of water was increased by 4&.9%. (In this 
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Table 6. 

Effeot of Cooaine upon Total Insens1ble Loss. 
o Rabbit. Surfaoe Area 0.211 Sq.M. 

Atmospherio Reotal Weight Los ~ 
Cond1t10ns Temp. Per 

Sq. Meter 
Room Relat1ve Per Hour 
Temp Hum1d1t, 

oC. f, °C. Gms. 

1:00 ~4.6 41 38.66 

2:00 25.0 42 38.80 11.3'1 

3:00 25.0 42 38.90 12.56 

3:01 Cooaine-HCl 20 mgm. per kilo 

4:00 25.0 42 39.65 9.00 

5:00 26.0 40 39.80 9.95 

6:00 25.2 43 40.00 9.00 



Fig. 3 . Showing effects of cocaine (20 mgm. per kilo) on 
total insensible loss. 

bscissae: Time in hours. 
Ordinates: Room tempera ture, oC.; relative humidity in 

per cent satura tion; recta l temp erature, °C . ; total weight loss 
in gr ams per s quare meter per hour. 

TrianEles represent room tempera ture. 
Squares represent rela tive humidity . 
La rge dots repre s ent rectal tempera ture. 



Legend to Figures 4" 5, 6 and 7. 

Showing effects of cocaine,. 20 .. 0,27.3,. 27.3 and 30 mgms. 
per kilo respectively" on total insensihle loss and metabolism. 

Ahscissae: Time in hours. 

Oridinates: ~ooling power express:e-d in millicalories per 
square centimeter per second (all except Figure 4);, room 
tem.perature OC; relative humidity in percen.t saturation; rectal 
temperature in. oC; ins ens i ble ~os.s in. grams: per square meter per 
hour; tata1 heat production in calories per sqU'are meter per hour; 
respiratory quotient; expired air volume in Ii ters per hour for 
'the animal. 

Small dots represent coOling power. 

Squares represent relative humidity. 

Triangles represent room temperature. 

Large dots represent rectal temperature. 

Sha.ded areas represent insensible loss due to: vaporization 

of water. 

Heavy line represents total insensible losS. 

Areas between heavy line and shaded area, represents in-

sensible loss due to CO2. - °2 • 

Triangles with apex at top represent respiratory quotient. 

Broken line represents expired air volume. 

Heavy line represents total heat production. 
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Table 7. - . 
Effect of Cocaine upon Insensible Loss and Total Metabolism. 

Rabbit. Surface Area 0.25 Sq.M • 

P.M. Atmospheric Rectal Expired Air 
. 

Insensible Loss Total Metabolism 
Conditions Temp. Volume Per Sq.M. Per Hour 

Per Hour 
Room Relative poe. & 760 mm. Total Du.e to Du.e to R .Q,. Liters Liters Oal. Per 
Temp. Humidity C02-02 H2O CO2 02 Sq.M. Per Hour 

°c. % °C. 
Vaporiz.ed 

Liters Gms. Gms. Gms. 

1:50 24.0 39 39.65 

2:50 24.0 39 39.40 

3:50 24.5 39 39.45 49.75 13.05 1.15 11.89 0.814 1.298 1.592 30.74 

3:55 Cocaine-HOl 20 mgms. per kilo 
I 

4:50 25.0 40 40.80 90.00 22.40 5.41 16.91 1.040 2.445 2.438 49.27 I 

5:50 25.0 41 39.66 84.50 28.80 1.38 27.41 0.815 1.550 1.910 36.82 
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Table 8. 

Effect of Cocaine upon Insensible Loss and Total, Metabolism 
Rabbit. Surface Area 0.211 Sq.M. 

Atmospheric Rectal Expired Air Insensible Loas Total Metabolism 
Conditions Temp. Volume Per Sq.M. Per Hour 

Per Hour 
Room Relative Cooling OoC. &: '160 mm. Total 1>\1e to ])ae to R.Q.. Liters Liters Cal. Per 
Temp. Humidity Power C02-02 H2O CO2 O2 Sq.M. Per Hour 

in Vaporized 
Mi11ica1. 

Per 
Sq. Cm. i 

Per Sec. 
°C. 

'" 
°C. Liters Gms. Gms. Gms. . 

I ~ 30.0 40 16.45 39.36 
! 

~ 30.2 40 16.85 39.65 59.97 10.43 0.274 10.156 0.744 1.053 1.417 31.78 

~ Cocaine-HC1 2'1.3 mgms. per ki1~ 

~ 30.6 39 16.35 40.45 63.20 9.48 0.035 9.445 0.725 1.182 1.630 36.36 

~ 30.8 39 16.74 40.45 74.60 19.92 -0.251 20.171 0.710 1.230 1.738 38.68 

~ ZO.8 39 15.9'1 41.30 86.60 17.06 -0.062 1'1.122 0.720 1.351 1.8'19 41.85 

a 30.8 38 16.80 41.46 '14.00 18.96 1.41'1 1'1.543 0.828 1.24Z 1.501 36.'18 

a 30.6 38 16.35 41.45 63.85 23.'10 3.858 19.842 1.130 1.136 1.003 23'.96 
--- ----------- -'-- -- ~ -- - -- ------- -- -
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Table 9. 

Effect of Cocaine upon Insensible Loss and Total Me~abolism. 
Rabbit. Surface Area 0.211 Sq.M. 

Atmospheric Rectal Expired Air Insensible Loss Total Metabolism l 
Conditions Temp. Volume Per Sq.M. Per Hour 

Per Hour r 

Room Relative Cooling OOC. & 760 mm. Total Due to Due to R.Q,. Liters Liters Cal. Per 
Temp. Humidity Power CO2-02 H2O CO2 O2 Sq.M. Per Hour 

in Vaporized 
Mil1ical. 

Per 
Sq. Cm. 
Per Sec. 

°C. % °C. Liters Gms. am •• Gms. . 
30.2 39 14.68 40.45 

30.6 39 16.5'1 40.80 41.52 11.3'1 0.0'14 11.296 0.729 0.889 1.219 26.84 

Cocaine-HCl 27.3 mB~s. per kilo 
. 

30.6 39 15.62 41.36 45.90 19.91 -0.299 20.20'1 0.708 1.502 2.121 47.12 

30.8 39 14.95 42.20 6'1.00 25.60 -0.156 25.'152 0.714 1.393 1.949 43.40 

30.8 39 14.95 42.55 53.08 43.61 -0.014 43.622 0.'12.2 1.184 1..640 36.60 

31.0 38 15.08 42.85 51.05 36.02 0.6" 35.360 0.'168 1.230 1.602 36.18 

31.0 3'1 14.54 43.30 39.90 23.70 0.213 23.487 0.'139 0.971 1.312 29.40 

30.9 37 15.61 43.40 75.80 19.91 3.223 16.685 0.882 1.91'1 2.175 50.26 

30.8 3'1 15.08 43.90 55.80 21.80 2.61'1 19~287 0.916 1.273 1.390 32.60 
--







"T "1' , , . . Table 10. 

Effeot of Cooaine upon Insensible Loss and fotal Metabolism. 
Rabbit. Surfaoe Area 0.198 S~ ••• . 

I-

! 

i Atmospherio Reotal Expired Air Insensible t.o88 Total Metabolism 
I 

Conditions Temp. Vol'Wlle Per Sq.M. Pe~ Hour 
Per Hour 

Room Relative Cooling OOC. & 760 mm. Total Due to Due to R.Q.. Liters Liters Cal. Per 
I TemIf. Humidity Power CO2-02 H2O CO2 O2 Sq.M. Per HOUl 

in Vaporized 
Millioal. 

Per 
Sq. Cm. 
Per Seo. 

°C. fo 00. Liters Gms. Gms. Oms. 

30.:5 ~ 46 19.2:5 40.10 

30.5 46 18.f)7 40.20 42.38 16.16 1.090 16.070 0.860 0.704 0.818 20.16 

30.3 46 18.86 40.45 64.75 17.17 0.465 16.706 0.758 1.028 1.368 32.67 
. 

30.0 48 19.31 40.65 81.20 19.19 0.717 18.4'13 0.778 1.023 1.316 31.66 ! 

i 

29.8 48 15.11 40.40 71.58 19.19 2.166 17.024 0.902 1.102 1.224 30.46 
I 

29.8 :50 18.16 40.10 57.80 19.19 0.02:5 19.166 0.'125 0.821 1.132 ,~ 
29.8 50 15.08 40.00 58.:55 11.11 -0.212 11.322 0.702 0.761 1.083 25.63 

Cooaine-HOI 30 mgms. per kilo 

29.5 :50 17.84 40.90 77.20 14.14 1.384 12.'1:56 0.812 1.266 1.5:59 37.90 . 
29.8 60 1:5.35 42.0:5 95.60 71.71 12.160 :59.5:50 1.:5'15 2.246 1.423 36.26 

30.0 :54 16.:50 43.10 86.6:5 1:5.1:5 2.586 12.:564 0.896 1.342 1.498 3'1.27 

29.8 :59 18 •. 72 43.90 78.40 31.31 3.272 28.038 0.960 1.325 1.380 34.8:5 
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&xperiment,. hourly periods were ased and it, is ent.irely possible 

that Illl the increase In water 1.05'S occurred during the second 

ha~f hour rather than inareaaing immediately after the cocaihe.) 

In experiments 3 and 5, the total insensibl& loss was deCTeaaerd 

below the normal average value while in Exp. 4 there was an in­

crease of 79% which. however,. amounts to only 0.44 grams for that 

particul.ar rabhi t. From the above results it is evident that 

the characteristic water ~oss from the blood can hy no means be 

attributed to increased water loss from the body. 

After the first half hour following cocaine there was 

a 'marked increas:a in insensible ~ss in. all experiments except 

Exp. 1. Th.e value of determining the CO2 - 02 difference in a 

stu"dy of the loss of water by vaporization is clearly brought out •. 

In some periods in which the respiratory @ot,ient fell be~ow 0.727 ~ 

at which pOiD-t the eOa - 02 0, the change in weight due to- the 

exchange of these gases is a positive rather than a negative 

quantity.' Thus the 10s 5 due to' vaporization was heT'e' greater than 

• the to.tal net loss. 

In connect iOD- wi th this marked in.crease in ins ens i hIe 

loss after the first half hour following cocaine a definite re-

lati~ was found between rectal temperature and rate of water loss. 

In Fig •. 8 the average rectal. temperature is pl.o;tted against the 
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Legend to Figure 8. 

Abscissae: Rectal temperature °C. 

Oridiuates: Water vaporized from skin and respiratory tract 

in. grams per square meter per hour. 

Small white dots from Exp. 1. 

Circles from Exp. 2. 

Crosses from Exp. 3. 

Squares from Exp. 4. 

Triangles from Exp. 5. 

Heavy line represents a. smoothed curve of these points. 
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total water loss for each period in all our experiments in which 

both rectal temperature and wa te r los s curves were on the rise. 

This chart, shows a marked increase i.n the rate of vaporization 

o 
at a rectal temperature in the neighllorhood of 41.0 C. This 

resemhles the change fIL the weight ,loss curve in man when sweat-

ing begins. The rabbit, although not possessing sweat glands, 

seems ahle ta increase his water loss from the skin considerably~ 

upon attaining a certain critical body temperature, viz. about 

41 0 C. 

Bo_th total_ heat production and expired air volume were 

always increased following pyretic doses of cocaine (Expts. 2 - 5) 

The average total heat production in the animals before cocaine 

inject-ion was 29.31 calories per square: meter per hour. The 

maximum deviation of this average frODl the average for each ex-

periment is only 2_.47 calories per squa-re meter per hour. This 

average total heat production in normal rabhits is also in cTose 

agreement with the value obtained by Kayser (23). During the 

first- hali' hour fo'llowing cocaine there was an average increase 

of 39.1% in the total heat production. The reJ.:ation of this to 

the fehrile process is discussed below. After the first half hour 

there was not much change in the heat production. 

B. Excret,ion of Water., 

In studyfng the rate of water excretion!' other than that 

vap'ori'zed,. only two channels need be considered. They are the kid-

ney and t,he alimentary tract. 
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TheTa is no evidence in t.he literature to indicate 

that cocaine acts as a diuretic under any conditions. 

work of Maestro (2.:4) shows. that the urinary output is de-

creased by cocaine. For example in one of his experiments the 

urinary output decreased from 160 to 85 co. during the first 

day after giving 0.5 gram. 

Ohservat.ions upon the fevered anime.ls: in the experi-

ments given in this paper revealed no evidenoe of diur&sis, 

dfarrhea or salivation,. sufficient to account for a significant 

amount of water. 

While it is still entirely possible that enough water 

could he excreted through these channels to easi~y account for the 

hlood concentration there seems to be no reaso-n. to believe that 

such a thing does happen. Existing ev·idence seems to indicate 

the opposite effect. that is, a decrease in the rate of excretion.. 

DIS C U S S ION. 

It seems evident from the results of these· experiments 

that pyretio doses of cocaine have no appreciahle effect upon the' 

rate of v.aporization or excretion of water during the first half 

hour following their administration. Certainly there is not a 

sufficient increase to account for a significant quantity of the 

wat.er lost from the blood during this half hour. This result 

accords with the idea that increased heat production causes a 

rise in body temperature because elimination of heat failS to keep 

. pace. 
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In considering the increased water ~oss occurring 

after this first half hour period~ simultaneously with an in­

crease in the expired air volume the possib.i1ity that it may 

be due to an increase in the amount of water carried from the 

respiratory tract presents itself. No attempt was made in 

42 

these experimants to separate the water vaporized from th& 

respiratory tract from that vaporiz-ed from the skin. In two 

experiments, however~ Ci-lcu1ation was made of the possib.1e 

maximum increase in water loss from the lungs upon the assump­

tion that the expired air was saturated with water vapor at body 

temperature. The following results were .obtained. In Exp. 4, 

32.3 grams m:ore water per square meter per hour were lest than 

normally during the third period fel~ewing oecaine. Calcu~tien 

shows that only' 8 •. 7% of this increase was due te increased 

vaperization from the respiratory tract. In Exp. 5 there is an 

increase .of 43 •. 3 grams per square meter per heur in tetal water 

l.oss abeve the average normal during the secend peried fel10wing 

cecain&. Similar calcu1atien. shews that 2~ .of this increase' 

was due to' increased v~perizatien from the respiratory tract .• 

The abeve examples shew therefore that the increase in 

volume .of &xpired air p~ays little part in the increased water 

less even if the assumptien. that the expired air is cempletely 

saturated is cerrect. Granting that expired air is nermally 

eompletely saturated it is eviden.t that the air cellected under 
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the conditions of these experiments is not completely saturated 

due to the extra "dead space ll in the mask and T-tube. The 

inspired air is probably a 11 ttle more saturated than the re­

lative humidity figures show, due to the contact of the in-going 

air with the moist valves and T-tube. Both of these factors or 

either of them separately would tend to lower the percentage of 

water loss attrihutable to the expired air. It is evident then 

that most of the increase in water loss must be attributed to in­

creased vaporization from the skin. 

Is this sharp rise after the first half hour following 

coe-aine a physiological process related to the outbreak of sweat 

in man? The only answer to this question availahle at present 

is that there seems to be a sudden outburst of water at a 

"critical U body temperature. Evidence given in this paper 

shows that this IIcritic-al ll body temperature is in the neighhor­

hood of 41.00 C. 

The increase in total heat production must at the onset 

be a-ttributed to the excitatory effect of the alkaloid upon the 

central nervous system. The expired air volume and the respira-

tory quotient are evidently augmeD.-ted by the same factors as in 

ordinary muscular exerc'ise. As the body tempera tur& rises all 

these phenomena are increased further by warmip.s the cells, wi th 

a higher metabolic rate, heat polypnea and blowfng off of CO2 

respectively .. (See especially Exp. 5.) 
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General Significance of Re~u1ts. 

One of the most marked reactions to pyretic d'oses of 

cocaine is at first the increase in motor activity. But why 

does the temperature rise during cocaine hyperactivity and not 

during ordinary lllusc:ular activity? The answer is found in the 

study of the water shift. 

In making a rough calculation of the rearrangement. of 

the water balance brou'gnt about by cocaine the following fact.s 

are brought out by the results of the experiments described in 

this paper. The blood specific gravity is increases by about 

three units in the third place. For eXaJJq:)le. a concentration 

from 1 .. 0470 to 1 .. 0500 is typical. Calculation shows that this 

c:hange in specific gravity can be brought. about by the loss of 

approximate1y 6 cc .. of water from the bLOod. The amount of 
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wat,er necessary to cause a decrease in liver solids from 28% to 

26% is ah.out 8 cc .. for the average sixed rabbi t used in thesEt 

experiments~ more than a~counting for water losB from the blood.* 

Since DO further evidence of significant deposition or eliminat.ion 

of this water has been found it may be concluded that the water 

shIft following c'Ocaine, takes pl.ace essentially between hlood and 

liver. 

What then is the mechanism of cocaine fever? There is 

at the onset an increase in total heat, production. The essential 

fact,~ however. is the, inability of the animal to increase the heat 

e1fm±nation. 

*AssUnting a 100 gm .. liver. 

I 
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The following chain of events would account for the 

onset of the fever. 

1. An increase in heat production coincident wi th a 

shift of water to the liver, a recognized seat of morphologic 

and metabolic change after cocaine. This results in concentration 

of the b.lood. 

2:. The hlood concentration together with the well­

known peripheral vaso-constriction would markedly reduce the 

hlood flow through the peripheral circulation. lnabili ty to 

in.cre-ase. the heat elimination hy vaporization would follow, as 

well as decreased loss from radiation, conduct-ion and convection. 

3. The positive heat balance,. with rising temperature, 

would continue so long as the animal is unable to lose heat as 

fast as it is being produce-d. 
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5 U M Ioi A R Y. 

1. Following pyretic doses of c~caine in the rabbit 

(&0 - 40 mgms per ki~o) there was a deffni te loss of fluid 

from the hlood, an increase fn total heat productfon and a 

rise in rectal temperature. 

2. Con.trary to expectations there was no change in 

the water content of the brain. studies of skin, muscle and 

kidney showed no significan.t change in. their water content. 

a. During the rise in rectal. temperature there was 

an inarease in the water c:otltent of the liver. The average 

decrease in. liver sol.ids amoun.ted to 7.5Cf1.. Calculation 

showed that this would account for an addi tian of about 8 cc. 

of water to the liver while an ave·rage figure for the amount 

of water lost ·from. the blood was about 6 cc. Eviden"t-Iy 

the hl.ood concentration was accounted for by a shift of water-

from the hlood to the liver. 
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4. No eVidence of deposition of fluid in the pleural, 

pericardia! or peri tone~d. cay! ties was found. 

5.. There was no significant change in the rate of 

vaporization of wat.er from the body during the first half hour 

after c:ocaine while this was the period in which the blood con-

centration. occured and the sharpest rise in the fever curve was 

observed. 
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6. A marked increase in rate of vaporization of water 

oce-ured at a rectaL temperature of about 4loC. 

7. The toxal heat production rose ab~ut 40% above tte 

normal during the first half hour following cocaine. Evident.l.y 

heat eliminatfon. by vaporization is not increased and probably 

there was very little if any increase in heat. elimination in 

any way during this period. The positive heat bal.ance resul.ts 

in the characteristic fever • 
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CON C L U S ION S. 

1. The water lost from the blood stream is shifted 

chfefly if not entire~y to the ~iver. 

2,. This shift of water causa·s a concentration of 

the b.lood. This concentration associated 1tith marked vaso-

constriction resu~ts fn an inabflity of the animaI to increase 

the rate of heat elfmfnation by vaporization and prQbab~y in 

other ways" while the heat. production is simultan.eously iIl-

creased .. These phenomena account well for the pasit.iva heat 

balance ti giving the charact.eristic ri se in body temperature. 

3 •. The fnabilii ty to increase heat elimin.ation is the 

essent.fal process in the production of fever rather than tb.er 

increased heat produc·tion. 
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