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INTRODUGCTTION.

This investigation was carried out in an attempt to
determine the nature of some of the physiological changes,
particularly the shift in the water balance during the rise
in temperature following pyretie doses of cocaine. It is
well known that cocaine in sufficiently large doses produces
an almost immediate and rapid rise in body temperszture
associated with inereased metabolism and motér activity.
Reichert (1). The increased motor activity becomes evident
soon after the injection of the cocaine. Extreme restless-
ness, muscle twftching'and tremor progressing into clonie
convulsions may be observed.

Barbour and Moise (2) have shown in dogs given
pyretic doses of cocaine that the percentage of hlood solids
and red hlood cells hoth increase coincidentally with the rise

in temperature. Later Barbour (3) has shown more conclusively

.thet during the rise in temperature following coeaine in dogs

there is a loss of fluid from the bhlood stream as the specifie

gravity of both whole hlood and plasme is inereased. Barhour

and Moise (2) state that the disturbance thus produced in‘the
heat eliminating mechanism of the orgarism by the concentrated
blood is of greater significance for the production of fever

than the muscular activity. (Otherwise ordinary exercise would

produce high fever.)
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What then is the fate of this fluid which leaves the
blood stream? The water content of the brain wasmfirst in-
vestigated in an attempt to answer this question because
severgl previous findings indicate &z close association between
brain edema and pathologically increased museular activity.

For example, Barbour and others (4) and Elowerg,
Dﬁnham*and Barbour (5) in experiments on acute withdrawal from
morphine addictions in dogs and rats have found an edema of
brain, liver and kidneys, anhydremis , diarrhee and a disturbed
temperature regulation associated with evidence of increased
motor activity shown by restlessness, marked museular twitching
and tremors. Ellerbrobk, Dunham and Barbour (6) have described
an edema of the brain im rabbits associated with manifestations
of increased motor activity following administration of pitressinm,

McQuarrie (7) has found that parenteral administration of

~solution of pituitary or of the sntidiuretic hormone of hypo-

physis causes the development of a positive water balance and

' the oecurrence of seizures in the epileptic subjeect.  Rowutree

(8) has shown that the injection of large quantities of water
subsequent to pituitary extract results regularly in the follow—
ing train of symptoms: Asthenia, restlessness, vomiting, tremor,
salivation, muscle twitching, ataxia, clonic and tonic con-
vulsions, frothing at the mouth and stupor or coma. He has also

suceaedaed In producing the above train of symptoms by simple
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water intoxication without pituitary extract, In cats with
acute parasthyroprivia and guanidine tetanies, Ellis (9) has
found that brain, kidney and striated musecle have & higher
water content than the same tissues from normal control
animals. He also finds that the blood in rats in acute
guanidine tetany has a lower water content than normel rat
hiood. |

In the experiments on acute morphine withdrawal,
pitressin, water intoxication and the parathyroprivia and
guanidine tetanies the symptoms of increaéed motor excitability,
which in most of these was associated with an edema of some
body tissues, especially the brain, are closely anazlagous to
those saen.féllowing pyretic doses of cocaine. This and other
similarities between fever and the conditions just deseribhed,

lead to the helief that the fluid which leaves the blood stream

in cocaine hyperpyrexia might be shifted to the brain and thus

account for the similarity of symptoms. The fact that the

change in hlood concentration following pyretic doses of cocaine

is reversihle, Barbour and Moise, (2) also makes one believe
that the fluid remeins somewhere within the body.

Later it was decided to determine'more completely the
fate of this water which is lost from the bklood stream during

the rise in temperature.
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The possible sources of deposition or elimination
of this water were then studied. The following schema

illustrates the method of attack.

Brain
' Muscle
A. Body tissues Liver
Skin
Possible Kidney
water
. I. shift
? within )
hody. Pleural
. B. Body cavities Pericardial
Water Peritoneal
lost
from
blood.
Possible A. Vaporization from skin and
change in Respiratory tract.
Il.rate of
loss from
body Kidneys
B. Excretea
Saliva
Alimentary
" tract.
Gastro-
* intestinal
- contents.




I. INVESTIGATIONS CONCERNING A POSSIBLE WATER SHIFT WITHIN THE
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I. Investigations Concerning a Possible Water Shift Within

the Body.

METHODS.

In the experiments healthyvadult "New Zealand Red®
Rabbits of the same stock were used. Practicecally all rabbits
were 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,dieﬁ with free &ccess to water.
Only rabbits in a good state of nutrition, free from any
evidence of disease were used 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 motor aetivity, rectal temperature and

hlood specifiec gravity of rabbits kept, as nearly as possible,

under the same conditions as those to bhe used later in this

work. All rectal temperature readings were taken with a

‘e¢linical thermometer inserted to & standard depth of approxi- -

mately 8fcentimeters, care being taken to get the maximum
reading each time. Specific gravity determinations were
made by the falling drop method (10). After some study of
the effeets of varied doses upon motor activity, rectal
temperature and hlood specific gravity, a standard dose of 40
milligrems per kilo was adopted. The typical effect of this

dose upon rabbits kept under our standard conditions is shown




Table 1.
Room Conditions Rabbit No. 63 Rabbit No. 64
Room | Fumidity] Cooling | Rectal] Sp. Gr.| Observed Reaction| Rectal|Sp. Gr. Observed Reaction
Temp. in Power Temp. of of Animal Temp. of of Animal
OC. | Per Cent in oc. Whole |+ OC. | Whole
Millical. Blood Blood
Per
Sg. Cm.
- Per Sec.
0:00 26.0 48 13.7
1:00 26.0 46 11.7 38.80| 1.0481 Quiet
1:20 " 38.65(1.0483 Quiet
1:30 39.00, 1.0483 n "
1:40 39.00 Cocaine Injected| 38.80 "
.1:50 1.0471 "
2:00 217.0 48 10.9 Convulsions 38.80 Cocaine Injected
2:20 40.20| 1.0510 m Slight Convulsions
2:30 41.00 Few Convulsions; 39.70 No Convulsions;
Restless v 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 40.90/1.0503 Continued Restless-
ness
2:00 26.8 45 10.8 Quiet
2:10 39.70| 1.0482 "
£:45 " 39.50[{1.0466 Quiet
3:00 26.9 45 10.6 n "
3:10 39.20| 1.0474 " "
3:30 39.30| 1.0465 "




Fig. 1
A. Rabbit No. 64

B. Rabbit No. 63
Showing the effect of cocaine
( 40 mgm. per kilo) on the rectal

temperature and blood specific
gravity.

Small dots - rectal temperature.

Large dots - specific gravity of
whole blood.
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in table I. Figures I A and B ére plotted from this table.

If the fluid which leaves the khlood stream follow-
ing pyretic doses of ecocaine 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 detected by com-
paring the percent solids of the body tissues and organs and
the fluid content of the body cavities of ﬁormal rabbits with
those of rabbits fevered with cocaine.

A. Body Tissues.

During the course of an experiment all animals used
were kept under identical conditions amd handled similarly.
Care was taken to avoid ekcitement of the animals during the
experiment as this is known to cause a marked concentration of
the blood (11). If an animal became excited it was either
discarded or given ample time to recover completely before it
was used.

Koch and Koch (12) have shown that there is a rapid
increase in the percent solids of the brain of rats with in-
creasing age up to 120 days. Haldi, Larkin and Wright' (13)
have shown that the percent solids of the brainm of rabbits
&lso increase slightly with increased age. Therefore, in
this work it was deemed necessary to use animals of the same

age . Reference to tabhles 2, 3 and 4 will show how well this
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factor was controlled.

To determine the percent solids the animals were
quickly decapitated without causing them to become excited
and samples of tpe tissues removed and weighed immediately.
Rigid routine during this procedure was maintained in the
entire series so &s to eliminate &8s nearly as possible
varighility in time from killing to removal and weighing.
The tissues were then dried in an oven at 100 to 105° C.
After their weight had become constant the psrecentage solids

was calculated.

RESULTS.

The results of this series of experiments are
tabulated according to groups of rabbits in tables 24 and B,
3 and 4A and B. Table 5 is a summary of the entire series.

Reference to the tables will show that variations due to a

slight difference in age between groups is insignificant and

that the other conditions are well enough controlled to make

the entire series comparable. Therefore, it seems justifiable
to compare the entire series rather than each group separsately.
In table five, the eolumn of average differences

between duplicate samples serves as a cheek on the technical

me thod. The last column showing the sta&ndard deviation of




Table 2.
A. Average Room Temperature 24.8°C.; Meximum Variation from Average 1.2°C.
Rabbits 98 Days of Age. Food and Water Removed 4 Hours before Experiment.
B. Average Room Temperature £4.25°C.; Maximum Variation.from,ﬁyérage 0.256°C.
Rabbits 87 Days of Age. Food and Water Removed 2 Hours before 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 | Medulla| Cerebrum| Skin| Muscle
Rabbit after Killing Ganglia :
Cocaine
kilos oC. oC, ¢, hrs. % % % % %
48 1.90 N 39.35 0.30 23.50 £8.10 '20.95
46 1.95 F 39.08 0.3b 0.35 1.50 22.10 28.80 20.65
44 2.00 F 39.58 0.65 0.65 2.00 22.35 27.90 22.05
47 1.80 F 39.156 0.85 0.40 2.50 23.156 | 29.05 20.30
Average Normal 23.50 28.10 20.95
Average Fevered | 22.50 £8.60 21.00
54 1.50 N 39.40 0.00 22.65 &7.70 20.55 25.45| 22.55
51 1.90 N 39.656 0.15 23.90 27.30 20.85 26.10| 23.05
52 1.63 N 39.45 0.05 23.70 | 28.00 20.70 24,70 23.00
49 1.78 ¥ 39.20 | 0.60 0.60 1.00 23.05 27.15 21.50 27.40| 23.25
53 1.68 F 39.20 0.85 0.85 1.00 23.5b6 27.175 21.55 25.856| 22.50
50 1.70 F 39.50 0.70 0.70 1.75 23.90 27.00 22.15 27.20| 23.06
Average Normal 23.42 a7.6%7 20,70 25.42| 22.87
Average Fevered | 23.50 27.50 21.73 26.82| 22.81




Table 2.

Constant Room Temperature 25°C. R
Food and Water Removed 3 Hou

Rabbit| Weight N Average| Maximum | Change in Time
Number Normal | Rectal | Change Rectal from
Rabbit Temp . in Temp. from |Cocaine
F before | Rectal Normal at to I
Fevered | gocaine Temp. Time of |[Killing | Basal
Rabbit after Killing Gangli
Cocaine
kilos oC. °g, oc. hrs. %

57 2.10 N 39.20 0.00 23.15
59 2.03 N 39.36 0.10 24.25
68 1.88 N 38.90 0.00 23.40
69 1.76 N 39.35 0.00 23.40
65 2,34 F 39.565 1,10 1.10 0.33 23.90
70 1.65 F 39 .45 1.55 1.556 0.50 28.00
68 2.24 F 40.00 1.10 1.10 1.00 23.48
60 2.00 F 39,00 1.36 1.35 1.00 23.2l
67 1.85 F 38.80 1.30 1.30 1.00 23,91
Average Normal | 23.5
Average Fevered| 23.5




Table 3.

ture 25°C. Rabbits 114 to 121 Days of Age.
Removed 3 Hours before Experiment.

ime Total Solids Specific Gravity
rom Av. of . of
caine Duplicate Samples Whole Blood
to
lling | Basal | Medulla| Cerebrum | Skin | Muscle| Liver | Normal Just Change
Ganglis before in
Killing| Sp. Gr.
Rabbit
hrs. % % % % % %
23.1b6 27.45 21.60 |28.20 28.60 | 1.0501 | 1.0492 -.0009
24.25 27.80 23.36 | 31.40 31.35 | 1.0498 | 1.05608 +.0010
23.40 27.70 21.45 33.70 [23.45 | 28.65 | 1.0480 | 1.0473 -.0007
23.40 28.3b 21.10 26,20 [22.70 | 27.75 | 1.0470 | 1.0472 +.0002
33 23.90 28,35 21.30 |31.00 [23.756 | 24.75 1.0479 | 1.0491 +.0012
.50 28.00 27.20 21.156 [26.75 |21.55 | 26.36 | 1.0463 | 1.0493 +.0030
.00 23.4b5 28.65 21.45 |29.60 25.50 | 1.0445 | 1.0440 -.0006
. 00 23.25 28.056 21.25 |28.15 25.85 | 1.0490 | 1.0500 +.0010
.00 23,90 28.95 21.80 |35.00 |23.80 | 27.26 | 1.0485 | 1.0506 +.0021
ormal | 23.55 27.83 21.28 |29.88 |23.08 | 29.09 | 1.0487 | 1.0486 -.0001
evered | 23.50 28.22 21.39 |30.10 [23.03 | 25.74 | 1.0472 | 1.0486 +.0014




Table

5
£, ¢

4.

Average Room Temperature 25.5°C.; Maximum Varistion from Average 1.39C.

Rabbits 106 to 113 Days of Age.

Average Room Temperature 29.09C,; Maximum Variation from Average 1.5°C.
Rabbits 180 Days of Age.

Food and Water Removed 5 Hours before Experiment.

Food and Water Removed 6 Hours before Experiment.

feight N | Average | Maximum | Change in Time fotal Solids Specific Gravity
Normal | Rectal | Change Rectal from . Av. of of
Rabbit Temp. in Temp. from| Cocaine Duplicate Samples Whole Blood
F before Rectal Normal at to
Fevered | Cocaine Temp. Time of | Killing Skin | Muscle| Liver | Kidney| Normal Just Change
Rabbit after Killing - before in
Cocaine Killing| Sp. Gr.
Rabbit
kilos oc., °c. 9c. hrs. % % % ,
1.52 N 39.45 .00 27.20 | 81.80 | 24.75 | 15.75 1.6592 1.0385 | -.0007
2.54 N 39,35 .30 28,00 | g2.76 | 27.10 | 23.80 | 1.0411 | 1.0392 | -.0019
1.85 N 39.35 .10 25.50 | 8%.456 | 27.85 [ 22,20 | 1.0467 | 1.04656 | -.0002
1.76 F 39.66 1.45 1.45 0.67 26.90 | 83.05 | 24.90 [ 22.40 | 1.0459 | 1.0468 | 4.0009
1.8 F 89.30 .90 .90 0.75 -|27.6b6 |21.20 | 24.95 [19.656 | 1.0414 | 1.0437 | 4.0023
2.29 F 39.20 1.10 1.10 1.00 25.56 (22,90 | 26,75 [ 26.85 | 1.05601 | 1.0505 | +.0004
Average Normal (26.93 |288.67 | 26,57 | 20.58 | 1.0423 | 1.0414 | -.0009
Average Fevered|26.70 |82.38 | 285.53 [22.77 | 1.0458 | 1.0470 | 4.0012
2.01 N 39.40 .30 28.43 [ 21.76
2.35 X 39.38 .00 28.81 |21.33
1.80 F 40.15 .80 .80 .50 25.79 | 23.58
1.90 F 39.45 1.35 1.356 1.00 26,98 |20.19
2.33 F 39.15 1.65 1.65 1.50 26.61 |21.62
2.5b F 39.45 1.60 1.60 2.00 27.72 | 21.80
Average Normal 28.62 |21.55




Table 5.

Summary: Tissue Solids of Normel and Cocaine Fever Rabbits.

Total Number Average Standard
of Total Solids Peviation
Determinations of Average
Normal Fevered | Normal Fevered | Average | Normal Fevered
Control | Rabbitse | Control | Rabbits |Difference| Control Rabbits
Rabbits Rabbits between Rabbits
Duplicate
Samples
% % %
Basal Ganglia 8 11 23.49 23.23 0.8056 + 0.17 —+0.17
Medulla 8 11 27.80 28.12 0.695 -+0.12 40.21
Cerebrum 8 11 21.07 21.37 0.547 +0.33 +0.16
Skin 10 11 27.06 28.46 1.652 40,98 4+0.82
Musale 8 9 22.84 22.78 0.306 +0.19 | +0.30
Liver 9 12 28.14 26.03 0.419 ~+0,58 4+0.29
Kidney 5 (] 20.97 | 22.21 1.142 +1.857 | +o0.84
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the average of all normal and all fevered rabhits respective-
ly, checks a&lso the hiological variability of the'animals. A
glance at table five will show that the variations between
animals'are remarkably small inm all the tissues studiedé ex-
cept the skin and kidney.

Brain: No significant change in total solids from
the determined normel was found in any of the three anatomical
divigions of the brain studied. These three, basal, ganglis,
medullsz and cerebrum include most of the brain tissue and
would undéuhtedly show the change if one occurred. The
average difference in duplicate samples is well under one
percent in all three- divisions indicating that the techniéal
error is not so graat; as to overshadow any significant change.
The. standard deviati;n from the average is also small showing
tLat the animals are comparsble.

Skin: The large variation between "duplicate" samples

‘and the relatively high standard deviation of the average of

these determinations seems to preclude any positive conclusions.
The apparent inerease of over one percent in total solids would
indicate however, that the skin does not at any rate take up

water after cocaine.




Muscle: The total solids of skeletal muscle
-agree very closely for normal and fevered rabbits. The
techrical error and the standard deviation of the average
are both low. Evidently the skeletal musclature plays no

part‘jn the water shift following pyretic doses of cocaine.
Liver: In the group of rabbits in Table 3 the
average total solids of the liver for the fevered rabbits
isvsﬁa% lower than in the normal controls. In Table 44,
the fevered rabbits are slightly over 1.0% lower while in
Tabhle 4B they are about 2.0% lower. Figure 2 is plotted
. from Table 4B. The average for the entire series from
Table 5 shows that the liver solida are decreased by 8.11%
from the normal control average. The percentage total
solids is 28.14 for the fevered rabhits as against 26.03
~ for normal rabbits, showing,therefore, a 7.50%4 decrease.
The average difference between duplicate samples is less
than one-half of one percent while the stendard deviation
of the average of the entire series of animals is relatively
insignificent in face of such a large decrease in solids.
This decrease is solids must be brought about by an increase
in the fluid content of the liver., Figure 2 shows that this
is most mérked at one-half hour more or less after the in-—

jection of the pyretic dose of cocaine, iha effect still

persisting after two hours.




Selids

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
of liver from each of two normal control rabbits. Crosses represent
Rabbit No. 102 and squares 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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Kiéney: These results, like those upon the skin are
extremely variable. It was practically impossihle to secure
duplicate samples which would agree within the limits of error
of the gravimetric method eﬁployed. Also the variability be~
tween animals which were sgtisfactorily comparable for the study
of other tissues was so great as to invalidate the results.
However, one can see no reason to believe that there is an in-
crease in the fluid content of the kidney after cocains, and
some decrease possibly occurs.

B. Body Cavities.

An attempt was made to determine the flmid content of
the pericardial, pleural and peritoneal cavities in normal con—
trol.ahimals and in fevered animals. The cavities were care-
fully opened and the fluid caused to drain to the lowest point
in each cavity. After allowing one or two minutes for drainage,
attempts were made to recover and measure the fluid in a small
fine tipped pipette. |

Usually it was impossihle to recover a measurahle

!

. gquantity of fluid in efther of the three cavities. In a few

normakAand'a few fevered animals 0.1 to 0.3 cubic centimeters
was reecovered from the peritoneal cavity. In no cases did
there seem to be any relation between the amount of recoverable
fluid and fever. This indicates that there is no inerease in the
fluid content of either of the three cavities following pyretic

doses of cocaine.




18

DISCUSSTION.

During the rise in temperature produced hy cocaine
in rabbits the hlood is more concentrated due to a decrease
in plasma rather than an increase in cells. Exiéting evidence:
pointed toward & water shift within the hody.. As poeinted out
earlier in this paper there seemed to he good reason to look
for part, at least, of this fluid in the hrain. The above re-—
sulis show that it does not go there. The motor activity and
other cantral factors predisposing ta fewer therefore must be
aseribed to a direct effect df the alkaloid upon the brain cells,
ungupported by hydration. |

The importance of the skin in the heat regulating
mecheanism is universaglly recognized. That fluid might be stored
in the skin during the rise in body tem@erature, thus affecting
the ability of £he orgaﬁism to eliminate heat seemed possible.
The above results indicate, at least, thei the skin does not
store water in cocaine fever and show that the skim may even be-
comg: drier during the rise in temperature.

The large bulk of the skeletal musculature mekes it &
storehouse for large quantities of water. That the wéter lost
from the blood stream could easily be stored there with a
possible effect upon heat production seemed within reason. He-
sults of the above series of experiments show, however, that there
is no change in the water content of the skeletal musculature afler

cocaine.
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Lemson (14) haé emphasized the role of the liver in
the regulation of blood volume and has shown that following
epinephrin fluid escapes from the bhlood into the liver
lymphatics. It is known that the liver aids In the destruction
of cocaine within the body.(15) In our experiments, out of all
the possible places of stor&gé af water lost from the blood
following pyretic doses of cocaine the only ons showing a
sighificant.change in water content is ﬁne liver.

Is this storage of water in the liver then due to an
epinephrin like effect of cocaine or to the toxie aeffects of the
cocaine upon the liver cells? In this connection Ehrlich (16)
has shown that the livers of mice, following the continued ad-
ministration of cocaine, are graatly increased in size, anemic
in appearance and show upon;micr§scopical examination all stages
of ecell degeneration, the most striking change being a vaeuolar
degeneration of the'cell,protoplasm. Wallace and Diamond (17)
studied the effect of cocaine on the liver of =a Series of animals
of different species.. The cocaine was administered aver periods
of two to thirty days in doses sufficient to induce typical coceine
gymptoms. Vacuolar degeneration was found in the rat and guinea
pig while in the rabbit, dog and cat the ﬁost striking change was
& wide spread granular degeneration. The rabbit's liver was en- .
larged and pale, the cells bheing enlarged and the nucleus sﬁrround—
ed by more or less clear zones containing a varying number of

gramnlss. There vwas no evidence of an inflammatory reaction and




the nuclei were unaffected. Gilbert and Carnot (18) in studies
on the effect of the chromic action of searcely toxic doses of
cocaine in rabbits ohtained a vacuolér and fatty degensration
of the endothelial, hepati§ and biliary cells, the most notice-—
able effect ﬁeing upon the endotheli&i cells of the liver. They
also found that the liver was often heavier than normal. In view
of the above, the inecrease in water content of the liver is
evidently associated with direct toxie 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 bhody during the rise in temperature following pyretic
doses of cocaine. Water is transferred from the blood to the
liver but to none of the other tissues or any of the body cavities
studied. These results seem to agree well with the findings of
Gilbert and Carnot (18), who, after repeated small doses of
cocaine found no pathological change in any organs of the body

except the liver.
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IT. Investigations Concerning a Possihle Change in the Rate of

Water Loss From the body.

Is water loss from the body increased by pyretiec doses
of cocaine?

Although the amount of water shifté& tq the liver, as
shown in Part I, is probably sufficient to account for the blood
concentration, other exchanges are by no means precluded. In
cases where there is a knéwn.disturbance of the héat balance of

the body, it is particularly pertinent to look for changes in the

rate of vaporization.

A. Vaporizatioh,of water from the body: A study of the "Insensible

Logs."

The "insensible loss" of weight has been defined by
Isenschmid (19) as equal to the weight of the water vaporized
plus the carbon dixide excreted minus the oxygen absorbed.
Evidently determinastions of the gaseous exchange are as necessary
-tq a caleulation of the water balance as of the heat balance. Such
cheervations were therefore made in conjunction with the study of
the bhody weight.

METHODS.

Rabbits of the same stock and age as those employed in

the study of tissue gsolids were used. Atmospheric conditions
were meintained as nearly constant as possible but in some ex-

periments, due to a change in season it was impossible to maintain
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'a dry bulbk temperature as 10w-as_previouély used. Howevet,
cooling power was maintainsd within limits considered com-
fortable for man. As measured by the wet,Kata—thermnnﬁﬁar
it varied in all the experiments only from 1l4.5 to 19.3 milli
calories per sq. cm. per secaond. Circulation of air was
maintained by a small fan, not hlown directly upon the animal.

To avoid marked convulsive effacts, the dose of cocaine
wag reduced from 40 milligrams per kilo used in the tissue studies
to about 30 milligrams per kilo in the metabolism work. This
smaller dbse gave a typical reaction to cocaine; feehle con-
vulsions were sometimes observed. The rise in rectal temperature
occurred as promptly as after the larger dose,

The weight loss was determined by suspending the animal,
in a light wire basket, from a balance sensitive to 0.1 gram. In
most experiments weights were taken every half hour, while in a
few cases hourly periods were used. By careful 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 wéight loss. A pan suspended under the basket
facilitated the detection of any evacuation. If evacuation did
occur, the last previous weight was discarded, the exereta re-
moved and a new period started. 1In nome of the eiperiments de-
seribed in this paper were urine or feces evacuated after cocaine
administration.

Réctal temperature readings were taken as descrihed
previously with care to avoid adding to or subtraeting from the

animals welght during this procedure.




In determining the respiratory exchange the expired
air was collected in a very light rubber bag, the inflation of
which offered very little resistance to expiration. A mask,
made from the light metal cap of a thermos bottle, was fitted
tighfly over the rabbit's face at least an hour before the be-
ginning of colleection of samples for analysis. This mask was
connected through a T-tube to the rubber bag. The inspiratory
and.expiratory valves were made of sausage casing as deseribed
by Pearce (20). It was found that this system offered very
little resistance to the animals breathing and that after =
short préliminary period of excitement when the mask was applied
the animal became quiet and appearsd to bre#the normzlly, withaut
aeffort. |

After the animal had remained quiet for at least an
hour, the experiment was begun. The body weight was taken with the
mask in place, the rectal temperature recorded and the T-tube
coﬁnected with the mask.  The animal was a&llowed to breathe
fhraugh the valves for a few minntes, after which expired air
was collected in a basketball bladder until it was azbout half
full. It was then disconnected and the large soft rubber bag
connected to the T-tube. The expired air was collected in this
bﬁg for exactly fifteen minutes after which the partly filled
basket-ball bladder was again substituted. After filling was
complete@ samples were taken from it for immediate analysis.
Thus a few minutes remained in each period for weighing and

taking the rectal temperature,
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To obtaih the volume of expired air the contents of
the light rubber bag were run through a gas\mnter.'The volume
for the half hour period was assumed to be just twice the amount
mea sured, while the samples from the basket-ball bladder were
considered representative of a mixed sample of expired air for
the period.

Following several normal periods and just after a final
nofmal.rectal.temperature reading the cocaine was injected and
the animal followed for sgver&l more periods. The exact weight

of the cocaine solution injected was taken into account at the

next weighing.

Samples of expired air were analyzed immediately after
collection in order to guard against a change in composition due
to diffusion through the walls of the basket-ball bladder. |
Analyses were made on each sample in duplicate im a Haldane
respiratory gas analyzer as deseribed by Henderson (21) whase
maethod of caleculation was followed.

Bath insensihle loss and metalbolism have been express-—
ed in terms of surface area. Surface area of the rahbits was
caleulated by the Rubner-Meek formula: O-IZSW
(22) where W represents the body weight.

RESULTS.

The results of five experiments on the effect of pyretic
doses of cocaine upon the rate of insensible loss are given as

follows:




Exp. 1 in Table 6 and Fig. 3)
Exp. @ in Table 7 and Fig. 4
Exp. 3 in Table 8 and Fig. 5
Exp. 4 in Table 9 and Fig. 6
Exp. © in,Tahle 10 and Fig.7.

In Exp. 1 no data on the respiratory exechange were
taken while in all the other experiments given, the change in
weight due to CO,5 - 02 was taken into account, giving in
addition the expired air wvolume and the total heat production.
Atmospheric conditions and rectal temperatures are given for
each experiment.

Wheat are the effects of pyretic doses of cocaine‘upon

the insensible loss? In a study of the entire series it is

plainly seen that the loss due to vaporization of water is not

greatly changed during the first half hour after the cocaine in-
Jection. But it is during this first period that the blood con-—

centration occurs as shown previously in Fig. 1. Also it is
during this first half hour}that the sharpest rise in the fever
curve takes place. In Exp. 1, the total insensihle loss for
gach of the three hours after the cocaine was less than the
average for the two hours previous to the cocaine. In Exp. @,

the total insensible loss was increased by 71.6% while the loss

due to vaporization of water was increased hy 42.9%. (In this




Table 6.

Effect of Cocaine upon Total Insensidble Loss.
- Rabbit. Surface Area 0.211 Sq.M.

Atmospheric Rectal [Weight Lcs¥
Conditions Temp. Per
Sq. Meter
Room| Relatiwv Per Hour
Tempd Humidit
oC. % oc. Gms.
1:00 | 24.5 41 38.5656
2:00 | 256.0 42 38.80 11.37
3:00 | 25.0 42 38.90 12.56
3:01 | Cocaine-HC1l 20 mgm. per kilo
4:00 | 25.0 42 39.65 9.00
5:00 | 26.0 40 39.80 9.95
6:00 | &85.2 43 40.00 9.00




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

Abscissae: Time in hours.

Ordinates: Room temperature, °C.; r

elative humidity in
per cent saturation; rectal temperature, °¢.:; total weight loss
in grams per square meter per hour.
Triangles represent room temperature.
Squares represent relative humidity.
Large dots represent rectal temperature.




Legend to Figures 4, 5, 6 and 7.

Showing effects of cocaine, 20.0, 27.3, 27.3 and 30 mgus.
par kilo respectively, on total insensible loss and metabolism.

Abscissae: Time in hours.

Oridinates: Cooling power expressed in millicalories per
square centimeter per second (all except Figure 4); room
temperature ©°C; relative humidity in percent saturation; rectal
temperature in °C; insensible loss in grams per square meter per
hour; total heat production in ecalories per square meter per hour;
respiratory quotient; expired air volume in Iiters per hour for
the animal.

Small dots represent cooling power.

Squares represent relative humidity.

Triangles represent room temperature.

Large dots represent rectal temperatura.

Shaded areas represent insensible loss due ta vaporization
of water.

Heavy line represents total insensible loss.

Areas between heavy line and shaded area, represents in-
sensible loss due to COg -~ Og5.

Triangles with apex at top represent respiratory quotient.

Broken line represents expired air volume.

Heavy line represents total heat production.




fable 7.

|

Effect of Cocaine upon Insensible Loss and Total Metabolism.

Rabbit. Surface Area 0.25 Sq.M.

- Expired Air

Total Metabolism

P.M. Atmospheric |Rectal Insensible ILoss
Conditions Temp. Volume Per Sq.M. Per Hour
Per Hour ; :
Room |Relative 0°c. & 760 mm. Total|Due to| Due to R.Q. | Liters| Liters Cal. Per
Temp.| Humidity C0g-0g Hs0 - GO0y Op Sq.M. Per Hour
' Vaporized
og. % °c. Liters Gms.| Gms. Gms.
1:50 | 24.0 39 39.656
2:560 24.0 39 39.40
3:60 24.5 39 39.45 49.75 13.056| 1.15 11.89 | 0.814 1.298 1.592 30.74
3:55 | Cocaine~-HC1l 20 mgms. per kilo
4:50 | 25.0 40 40.80 90.00 £22.40] 5.41 16.99 | 1.040 | 2.445 2.438 49.27
5:580 256.0 41 39.66 84.50 28.80( 1.38 27.43 0.815 | 1.56560 1.910 36.82
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Table

8.

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

Atmospheric Rectal | Expired Air Insensible Loss Total Metabolism
Conditions Temp. Volume Per Sq.M. Per Hour
Per Hour
Room | Relative| Cooling 0°C. & 760 mm.| Total| Due to| Due to R.Q. | Liters | Liters Cal. Per
Temp.| Humidity| DPower 003-02 Hp0 COg 05 |Sg.M. Per Hour
in Vaporized
Milljeal.
Per
Sq. Cm.
Per Sec.
g, % °c. Liters Gms.| GCms. Gms .
21 80.0 40 15.45 39.35
2} 30.2 40 16.85 39.55 59.97 10.43| 0.274 | 10.156 0.744 | 1.053 | 1.417 31.178
5| Cocaine~HC1l 27.3 mgms. per kilog
2130.6 39 16.35 40.45 63.20 9.48/0.035 9.445 0.725 | 1.182 | 1.620 56,36
2{30.8 39 l6.74 40.45 74.60 19.92|-0.251 | BO.171 0.710| 1.230 | 1.738 38.68
2130.8 39 15.97 41,30 86.60 17.06{-0.062 | 17.122 0.720| 1.351 | 1.879 41:.85
2130.8 38 16.80 41.45 74.00 18.96|1.417 | 17.543 0.828 | 1.243 | 1.501 %6.78
. |30.6 38 16.35 41.45 63.85 22.70{3.858 | 19.842 1.130 | 1,136 | 1.008 23.96
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Table 9.

Effect of Cocaine upon Insensible Ioss‘and Total Metabolism.
Rabbit. Surface Area 0.211 Sq.M. '

Atmospheric Rectal | Expired Air Insensible ILoss Total Metabolism
Conditions Temp. Volume Per Sq.M, Per Hour
Per Hour L~ —
Room | Relative | Cooling 0°C. & 760 mm.| Total| Due to Due to R.Q. | Liters | Liters Cal. Per
Temp. Humidity | Power G0o-0p HoO Coo 02 Sq.M. Per Hour
- in Vaporized :
Millical.
Per
Sq. Cm.
Per Sec.|.
oC. % oC. Liters Gms. | Cms. Gms.
30.2 39 14.68 40.45
30.5 39 16.57 40.80 41.52 11.37 0.074 11.296 |0.729 0.889 1.219 26.84
Cocaipne~HC1l 27.3 mgms. per kilo
30.6 39 15.62 41.35 45.90 19.91 | -0.299 20.207 |0.708 1.502 2.121 47.12
30.8 59 14.95 42.20 67.00 25.60 -0.156 25.752 |0.714 1.393 1.949 43.40
30.8 39 14.95 42 .55 53.08 43.61 | -0.014 | 43.622 (0,722 1.184 1.640 36.60
31.0 38 15.08 42.85 51.086 36.02 0.664 85.360 |0.768 1.230 1.602 36.18
31.0 317 14.54 43,30 39.90 23.70 0.213 23.487 |0.739 0.971 1.312 29.40
30.9 3" 15.61 42.40 75.80 19.91 3.223 16.685 |0.882 1.9u7 2.175 50.26
30.8 a7 15.08 43.90 55.80 21.80 2.517 19.287 |0.916 1.273 1.390 32 .60
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Table 10.

Effect of Cocaine upon Insensible Loss and Total Metabolism.

Rabbit.

Surface Area 0.198 Sg.M.

Insensible iezs

Atmospheric Rectal | Expired Air ’ Total Metabolism
Conditions Temp. Volume Per Sq.M. Per Hour
— Per Hour — -
~ Room (Relative| Cooling 0°C. & 760 mm. | Total |Due to| Due to R.Q. | Liters | Liters Cal. Per
Temyp. | Humidity Power ‘002-02 H20 Coz oz Sq.M. Per Hou
in Yaporized
Millical.
Per
Sq. Cm.
Per Sec.
o¢. % oC. Liters ' Gms. | Gms. Gms.
30.5 - 46 19.25 40.10
30.5 46 18.57 40.20 42 .38 16.16 1.090 15.070 0.860 0.704 0.818 20,16
30.3 46 18.86 |40.45 64.75 17.11 0.465 16.705 0.758 1.028 1.358 32.51
30.0 48 19.31 40.65 81.20 19.19 0.717 18.473 0.718 1.023 | 1.315 31.66
29.8 48 15.11 |40.40 71.58 19.19 2.166 17.024 | 0.902 1.102 l.224 30.45
29.8 50 18.16 [40.10 57.80 19.19 0.025 19.165 0.725 0.821 1.132 ’2s§§:;
29.8 50 15.08 |40.00 58.55 11.11 | -0.212 | 11l.322 0.702 0.761 1.083 25.63
Cocaine-HC1l 30 mgms. per kilo
29.5 50 17.84 |40.90 77.20 14.14 1.384 | 12.756 0.812 1.266 1.559 37.90
29.8 50 15.35 42.05 95.60 71.71 | 12,160 59.550 1.575 2.246 1.423 36.26
30.0 54 16.50 [43.10 86.658 15.186 2.586 12.564 | 0.896 1.342 1.498 37.27
29.8 59 18.72 43.90 78.40 31.31 3.2172 28.038 0.960 1.325 1.380 34.85
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experiment, hourly periods were used and it is entirely possible
that all the.increase in water loss occurred during the second

half hour rather than inecreessing immediately after the cocaine.)
In experiments 3 and 5, the total insensible loss was.decreased
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 thet

particular rabhbit. From the above results it is evident that

the characteristic water loss from the blood can by no means he

attributed to increased water loss from the body.
After the first half hour following cocaine there was

a marked increase in insensible loss in all experiments except

Exp. 1. The value of determining the COgy - O2 difference in a

study of the loss of water by vaporization is elearly brought out.
In some periods inm which the respiratory quotient fell below 0.727,
at which point the COZ’— 02 0, the change in weight due to the
exchange of these gases is a positive rather tham a negative
guantity. Thus the Ioss due to vaporization was hers greater than
the total net loss.

In connection with this marked increase in insensihle

loss after the first half hour following cocaine a definite re-
lation was found between rectal temperature and rate of water loss.

In Fig. 8 the average rectal temperature is plotted against the

Mt |
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Legend to Figure 8.

Abscissae: Rectal temperature OC,

Oridinastes: Water vaporized from skin and respiratory tract
in grams per square meter per hour.

Small white dots from Exp. 1.

Gircles from Exp. 2.

Crosses from Exp. 3.

Squares from Exp. 4.

Iriangles from Exp. 5.

Heavy line represents a smoothed curve of these points.







total water loss for each befiod ih;all our experiments in which
both rectal temperature and water loss curves were on the rise.
This chart shows a marked increase 4n the rate of vaporization
at a reetal temperature in the neighborhood of 41.0o c. This
resembhles the change in the weight loss curve in man when sweat-

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

‘seems able to increase his water loss from the skin considerably,

upon attaining a certain eritical body temperature, viz. about
41° c.

Both total heat production and expired &ir volume were
alweys increased following pyretic doses of cocaine (Expts. & - 5)
The avérage total hezt production in the animals before cocaine
injection was 29.31 calories per square meter per hour. The
meximum deviation of this average from the average for each ex-
periment is only 2.47 calories per square meter per hour. This
average total heat production in normal rabbits is also in close
agreament with the value obtained by Kayser (23). During the
first half hour following cocaine there was an average increase
of 29.1% in the total heat production. The relation of this to

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

there was not much change in the heat production.

B. Excretion of Water.

In studying the rate of water excretion, other than that
vaporized, only two channels need be comsidered. They are the kid-

ney and the alimentary tract.
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There is no evidence in the literature to indicate
that cocaine acts as a diuretic under any comditions. The
work of Maestro (24) showa that the urinary output is de-
creased by cocaine. For example in one of hisg experiments the
urinary output decreased from 160 to 85 cc. during the first
day after giving 0.5 gram.

Observations upon the fevered animals in the experi-
ments given in this paper revealed no evidence of diuresis,
diarrhea or salivation, sufficient to account for & significant
amount of water,

While it is still entirely possible that enough water
could be excreted through these channels to easily account for the
blood concentration there seems to be no reason to believe that
such & thing does happen. Existing evidence seems to indicate

the opposite effect, that is, = decrease in the rate of excretiom.

DISCUSS I ON.

It seems evident from the results of these experiments
that pyretic doses of cocaine have no appreciable effect upon the
rate of vaporization or excretion of water during the first half

hour following their administration. Certainly there is not a

sufficient increase to account for g significant quantity of the
water 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 loss occurring
after this first half hour period, simultansously with an in-

crease in the expired air volume the possibility that it may
be due to an inerease in the amount of water carried from the

respiratory tract presents itself. No attempt was made in

these experimants to separate the water vaporized from the

respiratory tract from that vaporized from the skin., 1In two
experiments, however, cglculation was made of the possihle
maximum increase in water loss from the lungs upon the &ssump-

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

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

32.3 grams more water per sguare meter per hour were lost than
normally during the third period following eoeains; Calculation
éhows that only 8.7% of this increase was due to increased
vaporization from the reépiratory tract. In Exp. 5 there is an
increase of 43.3 grams per square meter per hour in total water
loss above the average normal during the second period following
cocaine. Similar calculation shows that 22% of this increase
was due to increased vaporizétion.from the respiratory tract.
The above examples show therefore that the increase in
volume of expired zir plays 1little part in the increased water
loss even if the assumption that the expired air is completely
saturated is correct. Granting that expired air is normally

completely saturated it is evident that the air collected under
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the conditions of these experiments is not completely saturated
due to the extra "dead space" in the mask and T-tube. The
inspired air is probably a little 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 attributable 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
cocaine a physiological process related to the outbreak of sweat -

in man? The only &answer to this question availakle at present

is that there seems to be a sudden outburst of water at a
*eritical® body temperature. Evidence given in this paper
shows that this "critical® body temperature is in the neighbor-
hood of 41.0° C.

The increase in total heat production must at the onset
be attributed to the excitatory effect of the alkaloid upon the
central nervous system. The}expired air volume and.the respira-

tory quotient are evidently augmented by the same factors as in

ordinary muscular exercise. As the body temperature rises all

these phenomena are increased further by warming the cells, with
a higher metaholic rate, heat polypnea and blowing off of coz

respectively. (See espeeially Exp. 5.)




GENERAL SIGNIFICANCE OF RESULTS.
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General Significance of Results.

One of the most marked reactions to pyretic doses of
cocaine is at first the increase inm motor actiwvity. But why
does the temperature rise during cocaine hyperactivity and not
during ordinary muscular activity? The answer is found in the
study of the water shift.
| | In making a rough calculation of the rearrangement of
the water balance brought about by cocaine the following facts
are brought out by the results of the experiments descrihéd in
this paper. The blood specific gravity is increases by about
three units in the third place. For e#ample, a concentration
from 1.0470 to 1.0500 is typical. Caleculation shows that this
change in speeific gravity can be brought about by the loss of
approximately 6 cc. of water from the blood, The amount of-
water neeessary to cause a decrease in liver solids from 28% to

26% is about 8 cc. for the average sixed rabhit used in these

44

experiments, more than accounting for water loss from the blood.”

Since no further evidence of significent deposition or elimination

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

shift following cocaine takes place essentially between hlood and

Tiver,

Whet 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 |

elimination.

*Assuming a 100 gm. liver.
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The following chain of events would account for the
onset of the fever.

1. An increase in heat production coincident with &
shift of water to the liver, & recognized seat of morphologic
and metabolic change a&fter cocaine. This results in concentration
of the hiood.

2. The hlood concentration together with the well-
known peripheral vaéo-constriction would markedly reduce the
hlood flow through the peripheral circulation. Inability to
increase the heat elimination by vaporization would follow, as
well as decreased loss from radiation, conduction and convection.

5. 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 produced.




SUNMARY.
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SUMMARY.

1. Following pyretic doses of cocaine in the rabbit
(80 - 40 mgms per kilo) there was a definite loss of fluid
from the blood, an increase~in.totél heat production and &
rise in rectal temperature. |

’2; Contrary to expectations there was no change in
the water content of the brain. Studies of skin, musele and
kidney éhowed no significant change in their water content.

3. During the rise in rectal temperature there was

én increase in the water content of the liver. The average
decrease in liver solids amounted to 7.50%. Caleulation
showed that this would account for an additian of about 8 cc.
of water to the liver while an average figure for the amount
of water lost from the blood was about 6 cc. Evidently
the hlood concentration was accounted for by a shift of water

from the hlood to the liver.

4, No evidence of deposition of fluid in the pleural,

‘pericardial or peritoneal cavities was found.

5. There was no significant change in the rate of
veporization of water from the body during the first half hour
after cocaine while this was the period in which the hlood écn—
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
occured at a rectal temperature of about 41°C.

7. The total heat production rose about 40% above tie
normal during the first hélf hour following cocaine. Evidently
heat elimination by vaporization is not increased and probahly
there was very little if any increase in heat elimination in
anj way during this period. = The positive heat balance results

in the characteristic fever.




CONCLUSIONS.




CONCLUSTIONS.

1. The water lost from the blood stream is shifted

chiefly if not entirely to the Iiver,

&+ This shift of water causes a concentration of
the hlood. This concentration associated with marked vaso-
constriction results in,an_inability of the animal to Increase
the rate of heat elimination by vaporization and probably in
other ways, while the heat production is simultaneocusly in-
‘ e;easeﬁ. These phenomena account well for the positive heat

balance, giving the characteristic rise in body temperature.

3. The inabhility to inerease heat elimination is the
essential process in the production of fever rather than the

increased heat production.
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