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INTRODUCTION 

Blood concentration in fever and dilution on remission 

is indicative of important fluid shifting in the body. The 

liver was shown last year hy H.T. Marshall (18) to account 

chiefly for the fluid lost from: the blood in toxic fever in-

duced in rabbits by optimal doses of cocaine, after the work 

of Barbour and Moise (4). These considerations of the fluid 

shifting in fever are restricted to possible depots where the 

water is retained in the body; and in anima~s killed during 

cocaine fever, the liver was the only, tissue which would 

account by reduced solids- for the fluid lost from the hlood. 

The spl_een as a factor in blood concentration seems by 

the work of Lamson (21) and others to have been re~egated to 

a minor position. (See also Krumbhaar (19) This has heen con-

firmed by the author who found that eold produced a substantial 

increase in. blood speaific gravity i11- dogs after splenectomy; 

the ooncentration occuring principally in the plasma. 

The objeo-t of this :gresent work was to throw light an the 

mechanism through which the liver is induced to take up fluid 

from the hloodj and here two logical lines of investigation are 

presente-d in the chemistry and in the nervou~s control of liver 

function. 

1 
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On the chemical side the manner in which salts influence 

the movement of water, and subsequently influence the ion 

balance, especially the H-ion, was shown (6) by injecting 

various salts into the portal vein. Salts thus injected in­

fluence tremendously the action of the liver on the circulat­

ing blood in rabbits. In the procedure mentioned above, the 

liver was shown to have a selective retention for certain ions, 

particularly Na and Cl. When relatively large amounts of NaGl 

were fnjected into the portal vein of either rabbits or dogs 

there was a relative decrease of the injected salt in the 

systemic circulation as well as a loss of fluIid from the b~lood 

as shown by Hb determinations. Solutions of Ca and K salts, on 

the other hand, produced an opposite effect. 

Storage products such as glycogen and proteins would also 

effect the osmotic pressure relationship of hlood and liver as 

was shown. a long time ago by the histological studies of the 

liver by means of specific dyes (1). The storage of food materials 

such as glycogen and protein has made the liver an organ. of in­

terest in metabolism as related to the physiology of the organ­

isms reaction to cold. It lias through these latter investigations, 

Plant (14) et al that our present procedure was suggested. Plant 

denervated the liver of dogs and rabbfts and made subsequent 

studies of metabolism. In these investigations the liver de-
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nervation Was found to impair body temperature regulation. 

Work on the movement of water by chemical changes such 

as the transfer of ions and metabolic products has already 

been started but the present discussion will be limited to 

the nervous factors in control of fluid movement in fever. 

Turning to the nervous control of water movement in the 

body and the dependence of blood concentration on the central 

nervous system was investigated by Barbour and Tolstoi (5), 

who showed that the blood concentrating function was impaired 

in decerebrate dogs, these dogs were deprived of the basal 

ganglia. This was also shown to be true for dogs having 

cervical cord transection. This dependence of the water 

balance on the central nervous system waS also demonstrated 

by Rogers (17) in pigeons which were deprived of their basal 

ganglia. In these birds the ability to retain water was lost. 

Another interesting nervous mechanism related directly to 

the liver was demonstrated by Mautner and Pick (13) who showed 

that there was a constrictor mechanism in the hepatic vein of 

dogs, mechanism which causes blood to be retained in the liver. 

However this condition does not hold for rabbits in as much as 

they are herhivorous and the masclature of the hepatic vein is 

missing or too slight to make it an effective mechanism. 

The brain. puncture method used by Barbour (20) et aI, 

offered a convenient approach to the consideration of a central 

nervous control of the liver, since a good and comparative-

3 
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ly rapid onset of fever follows a puncture of the brain, 

particular~y the basal ganglia to wh.ich region the heat re­

gulating nervous mechanism is relegated.-

Neurogenic fevers were first produced in rabbits in 

order to determine whether or not blood concentration was an 

accompanying phenomenon as it was in toxic fevers induced in 

rabbits as Marshall (18) has shown. If this blood concentration 

did result, then fluid lost from the hlood could be accounted 

for in the liver as was the case in toxic fevers; and if the 

above speculation. could be confirmed by experiment under like 

condi tions" the behavior of the denervated liver would then 

afford a further significant method of attack. 

, -
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Investigations of Blood Concentration in Si~ple Heat 

Puncture and IlCold Fever" Supplemented by the Con-

tracted Effects of Heating Bas&l Ganglia. 

p 



.. 

Investigation of Blood Concentration in,Simple Heat 

Puncture and "Gold Fever" Supplemented by the Con­

tracted Effects of Heating Basal Ganglia • 

Procedure. 

Normal rabbits, free from snuffles or any other febrile 

condition were used, care being exercised in the use of females 

to conclusively show that they were not pregnant. ',the animals 

had water before them up to the time of operation but food was 

withheld from them over night. 

The operative technique consisted in shaving the head 

from the occiput to half the distance of the face as an aid in 

the stringent aseptic methods of operation. Under ether 

anesthesia, an incision of approximately four cen.timeters length 

was made in the mid line beginning just anterior to the ears, the 

connective tissue and aponeurosis was freed from the bone in the 

region of the coronal suture and at the intersection of the 

cornal suture and mid line the skull was entered by 5 mm 

trephine; a triangular shaped window Was made in the dura with 

small scissors in order to facilitate the subsegment puncture 

and to avoid rupturing of the superior sinus. lnto the aper?tur~ 

thus prepared, a small threaded plug was scr •• ed and fixed by 

building up a dressing of collodin and cotton wt' ... ich also made an 

air tight dressing. After puncture was made with the U shaped 

5 
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hollow tube J more collodin and cotton was applied in order to 

make the whole firm against chance bumping of the head and 

also to prevent infection by contamina'tion. 

The animals operated on as above recovered their normal 

posture, coordinated movements and temperature in a normal 

range within two or three hours. Since most of the operations 

were done early in the morning recovery was attained by 2:00 

P.M. 

Blood for specific gravity determinations waS obtained 

from the marginal ear vein and determinations made by the fall-

ing drop method (2). Rectal temperature was read from a 

standard rectal Hg thermometer inserted to approximately 6 cm 

depth into the rectum, care being taken that the thermometer 

Was aJ:ways shaken down to a common reading be fore inserti on. 

The animal was always placed on a well padded table and allowed 

a normal resting position without restraint by ties or handling. 

Quiet was effected as near~y as possible in as much as excitement 

effe-cts a marked blood concentration. 

The heat and cold Was supplied by hot and cold water from 

5 gallon jars well insulated by sawdust packing from which stop 

cork Siphons were led to the hollow tube inserted in the rabbitts 

head. No water, tubing or any of the apparatus was allowed to 

touch the rabbit except through the hollow tybe. The room 

tempera-ture was maintained at about 250 C; most often the rabbi t 

6 
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recovered in the ro'om:. in. which the experimentation. was made. 

The experiments done were almost identical as shown by the 

following represcutative group. 

Obs'ervations. 

Rabbi t No.3, October 9,1930 - a white male rabbit, 

2600 gms. weight, was operated on at 9:15 A~M. as described 

under ether. The heat puncture was made at 9:30 A.M. At 

1:20 P.M. the animal was well recovered; respiration good, 

poature was normal, coordinated muscular movements and nor-

mal reflexes were present. In the period from 1:20 to 2:18 

P.M. the rectal temperature remained undisturbed; the hlood 

speoific gravity was 1.043. At 2:20 P.M. water at 480 0 was 

run through the tube heating the basal ganglia and in six 

minutes the blood specific gravity was reduced to 1.0426 and 

at 3:01 it was further reduced to 1.0410 ?lith a slight 

temperature increase (see Table I). Breathing was accelerated, 

body stretched out and ears were very warm. The heat was re­

moved at 3,:02. and cold applied at 3:03. The temperature of the 

water inflow was taken a distance of about 15 cm from the ,en-

tr~ce into the hollow tube. A further drop in specific gravity 

of the hlood occured until 3:10 from Which time a steady and 

rapid increas:e began and at 3:20 the blood specific gravity had 

again reached 1.042. At 3:48 the blood specific gravity had 

7 
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reac-hed 1.0435; the animal had become quiet J breathing very 

slowly with ear vessels constricted and ears cold; there was 

also some shivering in the jaw muscles. The (lold was re­

moved at 4:00 P.M. and there was at that time a slight de­

crease in rectal temperature. On removal of the cold there 

was a reaction of the r~bbit as if a warm stimulus had been 

applied.. Hot water was again applied at 4:0a.. At 4:03 the 

bLood specific grayity was 1.0417 with rectal temperature re­

duced to l06.4 0 F. Vaso dilatation and warmth returned to the 

ears; restlessness appeared with relaxation. and exposure of 

b.ody surface. At 4: 20 heat Was removed and cold applied. The 

reaction to cold was again effected, blood specific gravity 

izwreased to 1.045 at 5:04 with rectal temperature increased 

to 106 .• aoF - Table I, figure I are c:anstruc:ted from thd:s ex­

periment. 

There was some difficulty in maintaining an even flow 

through the canula at first which fact could explain some in­

consistencies in the temperature and blood specific gravity 

relationship which did not appear in later experiments. 

October 10,1930. Rabbit No.4, weighing 2340 gms, a 

white male in good condition having had the same diet and care 

as the previous rabbits, Was operated on at 11:00 A.M. as be­

fore for the puncture which was made at 11:15 •• M. Fever from 

the puncture had risen at 2:00 PM to 105.40 F. The Same vaso 

motor responses and behavior were present in this animal as in 

a 



TABLE I. 

Experiment of 10-9-30. Effects of cooling and heating basal 
J 

ganglia on blood concentrations • 

Rectal .blood Temp. of Room 
Time 'i.'emp. Specific applied temp. 

PM of. Gravi ty water 
°C. REMARKS 

1:35 107.1 26 

2:00 1.0430 

2:18 47 

2:20 107.1 1.0430 Rapid breathing. 

2:26 106.7 1.0426 48 Ears warm. Heat off. 

3:02 22 Cold on. 

3:03 107.7 1.0406 16.5 Very quiet. Ears are cold. 

3:10 107.4 1.0395 
Vessels markedly constricted. 

3:20 107.4 1.0422 Breathing slower. 

3:33 107.4 1.0430 11 

3:48 107.4 1.0435 10 Cold off. 

4:02 107.2 32 Heat on. 

4:03 106.6 1.0417 43 

4:20 106.4 1.042 30 26.5 Heat off. 

4:22 106.2 1.0423 20 Cold on. Respiration slower. 

4:27 106.2 1.0439 18 

5:04 1.045 18 Cold off. 

5:05 40 Rabbit becomes excited. 

5:06 1.0365 47 
" --" ~-
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Lege~d to Figures I to VII Inclusive. 

The figures presented here were constructed from the' 

tahles preceding each; they show particularly well the 

changes in, blood specific gravity as they are effected cen-

trally by the stimulus of heat or cold applied to the basal 

ganglia; or from changes effected by punc.ture alone. 

Ordinates 

Abscissae 

Upper lines represent blood specific 
gravi ty. 

Lower lines represent rectal temperature 
in OF. 

Time in hours. 

Figures I, II and III are from rabbits having simple puncture 

with subsequent application of heat and cold to the basal 

ganglia. 

Figure IV shows b.lood specific gravi ty and rectal te~perature 

increase due to simple puncture. Puncture Was made at time 

corresponding to position of the arrow. 

Figures V, VI a~d VII show blood specific gravity and rectal 

temperature increase in rabbits having liver artery with 

plexus severed;· No. V after application of cold; Nos. VI 

and VII after cerebral puncture. ... 

10 
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T LE II . I 
Expe riment of 10 - 10- 30 . Ef f ect of cooling and heating basal 

ganglia on bloo d concentration . 

B100 Temp . of 
Ti me ec tal Specific applied Room 

p Ti5 mp • Grav ity wat er temp . 
F . °C . 

I 

: 00 105 . 4 1.0378 27 Ears 
di l a1 

2 : 06 105 . 2 

2 : 1 2 1 . 0377 

2 : 13 105 . 2 1 . 0375 

: 20 16 Cold 

2 : 24 1 05 . 5 1 . 0379 1 3 Ear "II 

once . . 6 Cold . 
2 : 8 40 ligl; 

made . 
2 : 32 105 . 5 1 . 037 9 49 

2 : 4 105.1 

2 : 7 104 . 8 1.037 6 48 

2 : 40 1 . 0381 27 Cold 

2 : 48 Ea r v 
ea rs 

2 : 50 104 . 6 1 . 0371 15 is 81 

2 : 56 104 . 7 1 . 0383 

3 : 00 1. 0391 

:11 1 . 0394 

: 16 1 . 03 94 Cold 

: 23 104 . 9 1 . 0408 44 Hea t 

b : 34 104 . 5 1. 386 Ears 
inc re 

: 45 1 . 0381 

4 : 10 104 . 4 1 . 0370 45 
4 : 20 104 . 2 1 . 0374 
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leating basal 

r 

oom 
temp . 

27 

REMARKS 

Ears warm . Ear vessels moderately 
dilated . 

Cold was applied . 

Ear vessels were constricted at 
once . Ears becoming Cold . 
Cold removed . 

Slightly active when change was 
made . Ears become warmer . 

Cold applied . 

Ear vessels constrict at once and 
ears become cold. Respiration 
is slower . 

Cold off . 

Heat on . Ear vessels again dilate . 

Ears become warmer and respiration 
increases . 
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TABLE III. 

Experiment of 10-20-30. Effect of cooling and heating basal 

ganglia on blood concentration . 

Blood. Temp . of Room 
Rectal Specific applied 

Time Temp. Gravity water temp. 
P Ii OF. °c . °c. 

2 : 30 101.8 1.0457 21 .5 Ani! 
mod 

2 :35 1.045 7 

2 :45 101.8 1.0457 

3:03 18 Shi 
coo 

.3:13 103.6 1.0463 

3 :18 1.0470 Ear 
mar 

3:22 1.0470 

3 : 23 104. Col 

3 : 25 103.9 1.0460 

3 : 27 1 .046 

3 : 31 103.6 1.046 Rea 

3 :42 
3 :55 103 .5 1.0457 40 

3 : 56 1.0453 21.5 41 

4:11 103.2 1.0456 off Rea 

4 :15 1.0456 " Bres 

4:24 44 
pan 

4:31 102.5 1.0437 48 

4 : 37 102 .1 1.0437 48 
I 



id heat ing basal 

I 
I 
.oom 

emp. 
°C. 

18 

40 

41 

off' 

" 
44 

48 

REMAhlCS . 

Animal normal, flow goou, ears 
moderately warm. 

Shivering in jaw after 5 minutes of 
cooling basal ganglia . 

Ear vessels constricted. Blood flow 
markeuly reduced. 

Cold off. 

Heat on. 

Heat off. 

Breathing very much accelerated to 
panting rate. Ear vessel very dilated. 





... 

.. 
the preceding experiment (see Table II, Figure II). 

October 23,1930. Rabhi t No.6, a Flemish male rabbi t 

weighing 2810 gms.,in good condition. This rabbit was 

operated on as before at 9:30 AM and puncture made at 10:00 AM. 

A good recovery was effected by 1:00 PM; at 2:30 PM rectal 

temperature was 101.80 F. and remained thus until 2.:45 wi th 

the blood specific gravity at 1.0457. At 3:03 PM the rectal 

temperature was 103.20 F evidencing a good puncture fever; 

the blood specific gravity was 1.046. Cold waS then applied 

to the basal ganglia and at 3:23 rectal temperature had in­

creased to 104 .0oF. s.nd the blood specific gravi ty had in­

creased to 1.047. Cold was removed and here again the heat 

stimulus was evidenced. When heat was applied at 3:42 PM, a 

drop occured in rectal temperature to 101.60 F.'by 4:50 PM 

with the blood concentration reduced to 1.0437 . 

16 



TABLE IV. 

Experiment of 10-61- 30 . The ef1ect 01' puncture fever on 
blood concentration. 

Rectal Blood 
Temp . Specific Room Temp. 

Time of. Gravity °C . 

9:50 AM 104. 25 Norl 
warr 

11 : 45 104. 1.0392 

11:50 1.040 

11:52 1.040 Ear: 

1: 50 P ~ 104.5 

2 : 3;; 104.5 1.040 

2:40 104.5 1.040 

2 :45 104.5 1.040 

2 :48 Punc 

2 :52 1.040 

3:06 1.0404 

3:12 104.0 

3:18 1.0410 

3 : 25 1.0415 

3 : 32 104. 1.0424 Ear: 

3 :44 1.042 25 

3 :47 1 .0425 

4:15 104.1 Ear 
Bloc 

4:50 104.4 1.0425 

5:12 105.1 1.0425 



ture fever on 

REMARKS 

Normal animal, not excited. Ears 
warm. 

Ears still warm. Blood flow is good. 

Puncture was made . 

Ears cooler. 

Ear vessels are now constricted. 
Blood flow is much slower . 

1 





Investigations of Blood Concentration in Heat PUncture 

and "Cold Fever- Supplemented by the Contrasted Effects 

of Heating the Basal Ganglia in Rabbits with the Hepatic 

Artery and its Plexus Cut. 



Investigations of Blood Concentration in Heat Puncture 

and "Cold Fever- Supplemented by the Contrasted Effects 

of Heating the Basal Ganglia in. Rabbi ts with the Hepatic 

Artery and its Plexus Cut. 

Procedure. 

For the ahdominal operations larger rabbits were· used 

than in the first group experiments. The same technique used 

in the previous series of experiments was used for the heat 

puncture here and the method of denervating the liver was 

that used by Plant (14) et aI, in their metaholism and body 

heat. regulation experiments. All operations were done under 

ether. The ahdomen, like the head, was shaved clean of hair 

and a mid line inc 1s ion of approximate ly 10 em Was made ex-

tending caudal from the *yphoid process. Care was taken in 

unn.e~essarily handling the intestine by packing the viscera 

to the right side and below wi th sterile gauze sponges saturated 

in Warm sterile saline. The left vagus was sought as it enter-

ed the abdomen and this was drawn forward and down to reveal any 

branches which might be given off to the right, these were cut 

leaving vagus to the stomach intact. The hepatic artery was 

then freed from the portal vein, doubly lighted with its plexus 

and cut. Adj.aeent strands of fatty and connective tissue were 

examined for possible stray nerve fibers. There was no ap-

19 



preciable loss of b.lood in any of the animals operated on and 

recovery was realized in seventy-five percent of the number 

operated on. 

20 
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The Method of Heating and Cooling the Basal Ganglia in 

the Liver Denervated Rabbits was the Same as in. the 

Simple Puncture Ones and All Other Procedures Were the 

Same. 

Observations • 

November 19,1930, rabbit No. 11, a normal Flemish female 

rabbit weighing 2750 gms. waS operated on at 9:15 AM and the 

11 ver denervated. Rectal temperature at time of operation was 

103.10 F. November 20th at 10:00 AM rectal temperature was 

103.50 F, operated at 10:30 for heat puncture; puncture was 

made at time of operation. At 1:00 PM the rabbit was nicely 

recovered, posture normal, head and ears normal, movements 

coordinated; at 2:48 PM rectal temperature was 104.40 F., 

blood s-pecific gravity was 1.0479. There was no change in the 

specific gravity of the blood beyond experimental error during 

the development of fever nor during the period of cold applied 

on the basal ganglia - less fever developed and at a slower 

rate than in the unoperated punctures. After 4 hours and 25 

minutes the specific gravity of the hlood had not varied beyond 

the allowed limit - the lowest specific gravity 1.0477, the 

highest 1 .. 0479. The rectal temperature had increased to 105.50 

F. (See Table V). 

December 12,1930, a Flemish male rabbit weighing 2250 gms., 

was operated on at 10:15 AM. Liver denervation and cranial 



Time 

ov. 19 
9:15 AM 

ov. 20 
10:30 AM: 

1:00 :P 

2:48 

3:00 

3:08 

3:20 

3:31 

3:35 

3:40 

:42 

3:52 

3:58 

4:16 

4:23 

4:32 

4:40 

4:47 

4:52 

4:55 

Rectal 
Temp. 

of . 

103.1 

104 .0 

104.4 

104.4 

104.4 

104.4 

104.4 

105.1 

105.1 

105.1 

10b .5 

10b.0 

TABLE v. 

Experiment of 11-20-30. The effect of cooling 

of rabbit with denervated liver. 

Blood 
Specific 
Gravity 

1.0479 

1.0479 

1.0479 

1.0479 

1.0479 

1.0478 

1.0478 

1.0479 

1.0478 

1.0479 

1.0479 

1.0478 

1.0477 

Temp. of 
applied 
water 

°C. 

22 

18 

18 

18 

Roor 
tern] 

25 



basal ganglia 

om 
mp. 

b 

REMARKS 

Puncture mperation and puncture done 
at the same time. 

Blood flow was relatively good. Ears 
warm. 

Cold water was applied. 

Ear vessels constricted. 

Ears become cold and blood flow is slow. 

Cold removed. 

Vasa constriction is relieved and ears 
become warmer. 

Blood flow is maintained well, ears 
remain warm. 

.. 

.. I 
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puncture was done as before except that puncture was made at 

time of operation for denervation. From 1:23 PM until 3:57 

PM rectal temperature rose from 100.20 F. to 103.80 F. The 

highest blood specific gravity was 1.0459, the lowest 1.0454 

wi th only one determination at lowest and that was taken two 

minutes after shutting off of cold. When the cold was applied 

vaso constriction occured, respiration became slower and ears 

were cold; on removal of cold stimulus the vasomotor response 

was that of the unoperated rabbit with return of some dilatation 

in ear vessels; accelerated breathing and ears warm with body 

outstretched (see Table VI, Fig. V). 

December l8~ 1930 a non-pregnant Flemish female weigh-

24 

ing 4450 gms. was operated at 10:45 AM. Liver denervation and 

heat puncture were done; temperature at time of operation, 102.20 

F. The animal recovered well but had low rectal temperature at 

1:30 of 98.60 F. There was evidence of lung edema of severe 

nature at that time and the blood specific gravi ty was 1.0435. 

There was a shivering in the jaw muscles, ears relatively cold 

but t,he vessels were partly dilated. At 4 :00 PM the rectal 

temperature was 99.90 F. and b,lood specific gravi ty had decreased, 

the lung edema had improved. At 5:10 PM the rectal temperature 

had reached 100.40 F., blood specific gravity was 1.0412 - the 

lung edema was further improved. On December 19th at 10:45 AM 

_Ii --------------------------------



TABLE VI. 

Experiment of IG-I1-DO. The effect of heating and 

basal ganglia of rabbit having denervated livl 

Blood Temp . of 
Rectal Specific applied Room 

Time Temp . Gravity water bemp • 
PM OF. °C. F. 

1:23 100.2 1.0459 25 ~5 

1:26 1.0458 

1:47 1.0459 

1:50 101.1 

1:54 1.0458 

2:15 1.0459 

2 :17 101.8 

2 : 34 10G.6 

2 : 41 1.0458 

2 :46 1.0456 on 

2:58 20 

3:01 1.0458 14 

0 :04 1.0 58 13 

3:08 10b.l 

3:33 103.6 1.0458 

3:36 off 26 

3:42 1.0458 

3:52 1.0458 

3:55 1.0459 

3:57 1.0458 

4:00 103.8 



g and cooling 

d liver . 

I 
Room 
bemp • 
I F . 

26 

REMARKS 

Puncture made , animal was normal 
tempera ture , posture , etc . 

Some excitement , blood t aken with 
diff iculty . 

pplied water to basal ganglia . 

Respiration slo ~ed . hivering increa sed 
and ea rs become cool . 

Respira tion increased . 

1 



TABLE VII. 

Experiment of 2-11-31. The effect of puncture 

having denervated liver. 

Rectal Blood Room Temp . 
Time Temp . Specific 

PM OF. Gravity °C. 

1:56 104.0 1.0486 26 

2:11 103.6 1.0486 

2 :13 1.0496 

2:17 1.0496 

2:20 103.6 

2:25 26 

2:38 105.1 

~ :40 1.0491 

2 :45 1.0495 
. 
2:47 1.0494 

2 :53 1.0494 

2:57 1.0497 

3:11 105.5 1.0495 

3 :18 106.3 

3 :19 1.0496 

3:39 106.3 

3:50 1.0496 

3:55 1.0498 

3:58 107.2 

4:1b 107.5 1.0497 26 

4:30 l07.6 



fever in rabbit 

I 

I 

REMARKS. 

Hovements normal; relatively cool 
~ J 

ears "-

but blooa. flow is good. . 
· 
· 

Very ouiet on table; resumes normal 1 
posture after temperature readings . 

· 
i 

Puncture was made . · 
· 

I 

No resistance to handling when taking · temperature. 
· 

Ears cold; circulation slow . · 
: 

· 
· 

osture still good . 

Reflex is present, still cold . 
... 

ears are · 

· 
· 

No shiYering apparent at any time . 
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the blood specific gravi ty was 1 •. 0448, rectal temperature 

101.60 F. At 11:45 AM the rectal temperature was 103.10 F. 

and the blood specific gravity was 1.045. The lung edema 

had entirely disappeared over night and the blood had con­

centrated. At 1:07' PM the blood specific gravi ty was 1.045 

and the rectal temperature 103.30 F. Puncture Was made at 

1:10 PM, temperature increased then to 107.20 F. at 4:28 PM 

with specific gravity at 1.0449 having fluctuated only .0002 

during the three ho~rs and a half (see Fig. VI). 

February 11th, a male New Zealand rabbit weighing 1765 

gms. and in good condition was operated at 10:00 AM. Liver 

denervation and insertion of plug in skull for puncture were 

done at 1: 50 PM,: rectal temperature was 104. 0 F., blood specific 

gravity 1 .. 0486; at 2J:15 PM rectal temperature was 103.60 F. with 

blood spec-ific gravity 1 .. 0497. At 2:25 PM the puncture was made 

after which there was no significant change in blood specific 

gravi ty, although the temperature rose to 107.60 F. which is a 

good puncture fever. (See Table VII, Fig. VII). 

The influence of ether on blood concentration was in-

vestigated in these rabbits and the results are seen in Fig. 

VIII. The blood c:oncentration resulting from:. the anest,hetic 

approximates the higher blood specific gravi ty of the denervated 

rabbits which fact indicates that the denervation interferes with 
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Legend to Figure VIII. 

This figure shows the effect of ether anesthesia 

on the blood concentrations in three normal rabbits. 

Solids from the livers were obtained from these and the 

results are given in Table XII. Two of the rabbits 

having been allowed to recover to their normal condition. 

Ordinates 

Abscissae 

The blood specific gravity. 

The time in hours; duration of ether 

administration • 

30 
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dilution of the blood after concentration fro~ ether. 

The effects of liver denervation on rate of febrile 

temperature rise are seen in Fig. IX which was constructed 

from experiments on six rabbits chosen at random from the 

above. This figure shows a decrease in rate of febrile 

temperature rise after denervating t,he liver. However, the 

impairment does not seem to be contingent on the water 

shifting alone as is revealed in the individual experiments. 

F 
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TABLE VIII 

Summary of Temperature and Specific Gravi ty Changes in PUncture Fever • . 

Rectal Temp. Blood Sp.Gr. 
Vit. Insrease Increase 

Date No. gms. F 

(10-10-30 ·4 2346 1.25 .0012 
( 
(10-16-30 5 2050 4.70 .0028 

Un-Operated ( 
( 10-21-30 7 3750 1.60 .0067 
( 
(11-6-30 8 3200 3.30 .0065 

(11-19-30 10 2750 2.00 .0005 
Hepatic ( 
Artery (12-19-30 12 4450 2.90 .0002 

Cut ( 
( 2-11-31 14 1765 2.50 .0002 

Time 
Min. 

120 

240 

118 

205 

220 

188 

154 

·~,t.'(~q 

~ 
~ 
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Legend to Figure IX. 

The relationship of the rate of febrile temperature 

rise to the procedure used in experimentation is shown in 

this figure. The solid lines represent the temperature 

rise in three simple puncture rabbits and the broken lines 

represent the rise of temperature in three puncture rabbits 

which have had their hepatic arteries wi th ple'xus cut. In 

both procedures fever Was induced by cooling the basal 

ganglia. 

Ordinates Rectal temperature in of. 

Abscissae Time in hours after application of cold 

stimulus to the basal ganglia. 

F 





DISCUSSION 



Dfscussion. 

Blood concentration is induced by puncture of the brain 

and by cooling the basal ganglia; conversely a blood dilution 

is induced by heating the basal ganglia, but neither of these 

changes occur when the hepatic artery with its plexus is 

severed. 

It is evident however, that the blood of the rabbits thus 

denervated is more concentrated than that of the unoperated 

ones, a condition which may be assumed to result originally 

from etherization which does ... cause a marked blood concen-. 

tration in unoperated rabbits as shown in Fig. VIII. This 

ether conce-ntration, of the blood is not enduring in normal 

rabbits and dilution on withdrawal of ether give,s the h100d its 

normal concentration within an hour of withdrawing the ether. 

In the liver denervated rabbits there is no return of the blood 

to normal concentrat.ion after operative procedure which may be 

due in part to a lowered condition of a saturation in the liver 

as wall as to the interference with the nervous control of the 

water shifting mechanism. 

The rate of body temperature increase in fever is not 

greatly a.ffected by denervation of the liver, although it is 

somewhat reduced. In as much as the vasomotor ear responses are 

present in both types of experimental animals, it is evident 

36 
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that the vasomotor portion of the heat regulating mechanism is 

undisturbed. 

The blood concentration in the neurogenic fevers we have 

described if due to removal of water from the blood to the liver 

would be accompanied by reduction of liver solids. The condition 

then !Jould be comparable to that described by Lamson (16) wherin 

fluid escaped from the. blood into the liver. The remainder of 

our work to be herein described bears upon this possibility_ 
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INVESTIGATIONS OF THE LIV.J:.;R AS A ItECHANISM FOR 

CONTROL OF BLOOD CONCENTRATION. 
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Investigations of the Liver as a Mechanism for Control 

of Blood Concentration. 

To learn how liver water was influenced by the operative 

procedures described in the first part of this work, offered 

the next objective. Were the liver solids reduced? If so, in 

what manner was the fluid held in the liver, as fluid engorg­

ing the liver lymphatics or as fluid taken up by the liver cells? 

It has been. known for a long time (1) that after cutting 

the hepatic artery under ether anesthes.ia microscopic studies 

of the liver cells revealed them to be three or four times the 

size of normal liver cells. Also that the glycogen decreases 

in percent and the cells appear heavily laden with fluid; 

granulation in the cytoplasm is of smaller sized particles and 

chiefly centered adjacent to the nucleus which still retains its 

normal appearance. 

Nothing however has been known with regard to the effects 

of external cold upon the liver water nor has it ever been shown 

to be influenced by procedures limited to the brain. 

Procedure. 

In. order to minimize differences in liver solids due to 

age and dietary conditions, rabbits of the same litter were used 

in the group experiments. Also the same methods and care in 

38 



aseptic operative procedure was mai~tained; handling and 

routine treatment on the experimental table were observed 

as before. 

Six normal New Zealand rabbits of the same litter 

were used for the experiment of February 24th. Their weight 

varied be,tween. 1230 and 1420 gms. However, all were in good 

condition and all had been given the same care and diet prior 

to the experiment. Two of the rabbits were- used as controls; 

one was operated by heat. puncture as before and three were 

operated by both cranial puncture and liver denervation. 

However, one of the rabbits, No. 20, died on the operating 

table apparently from surgical shock. The other five made 

nice recoveries. All operations were done in the morning of 

the same day. 

~he rabbits were killed by a sharp blow at the base of 

the occiput and the head removed with large shears; the whole 

procedure requiring less than 30 seconds. 'lihe abdomen was 

opened at once and small pieces of liver approximately 0.5 gm. 

were obtained from the three large lobes. The samples were 

taken individually, placed on watch glasses and weighed the 

same way immediately on. removal of the sample. After weighing, 

the samples were placed in an ovan kept at 1000 - 1050 C. for 

36 hours after which time they were weighed each day until there 
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was no further loss in weight. 

Results. 

Tahle No. IX was compi led from the first litter ex­

periment and here it is shown that the puncture markedly de­

creased the liver solids while puncture with the liver de­

nervated showed stil[ further reduction of liver solids. The 

rabbit with puncture and subsequent cooling of basal ganglia 

Bhowed only slight reduction of liver so~ids from the normal, 

despite the fact that a hlood concentration fro~ 1.0432 to 

1.0453 was obtained during the cooling process. Since the 

samples were taken so long after the puncture it was possible 

that the liver had to some extent regained its normal solid­

water balance (see Fig. X) and that any water decrease at all 

would be due to the cooling influence of the basal ganglia. 

Samples of liver were tamen for sectioning using formalin as a 

preservati ve. 

Another litter experiment WaS done March 3rd and lOth on 

eight New Zealand rabbits of about the same weight and physical 

condition. The same methods were used as in the previous ex­

periment. In this experiment the same relation is shown as be­

fore between normal brain puncture and denervated livers, but 

the rabbit punctured and with heating of basal ganglia shows a 

marked increase in liver solids above the Simple puncture rabbit 

and greater than the average of the normal indicating that the 
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Procedure 

Normal 

Puncture 

Puncture 
Liver Art . 
tied 

Puncture 
with cool-
ing basal 
ganglia for 
30 min. 

wt. 
gms . 

1D50 

1360 

1420 

1400 

1230 

Rabbit 
No . 

15 

16 

18 

17 

19 

TABLE IX. 

Experiment of February 24 ,19v1. 

Liver Solids 
50 Solids 

Rt .Lobe M.Lobe L.Lobe 

26 .3 26 .6 26 .1 

27 .6 27 .8 28 .7 

24 .6 24 .7 24 . 3 

18.5 22 .8 23.2 

27 .1 26 .0 26 .0 

Rectal Temp . 
a t death 

of. 

103.8 

102.8 

105.9 

106.4 

105.8 

Time of 
death 
after 
puncture 

1 hr. 
45 min. 

1 hr. 
45 min . 

2 hrs. 

REMARKS . 

Normal posture, coordj 
and vasomotor respone~ 

Good recovery,vasomot~ 
responses, ears cold, 
constricted. 

I Normal posture and sei 

I vasomotor responses. 



Procedure 

Normal 

Puncture 
n o other 
procedure 

Puncture 
no other 
procedure 

Puncture 
Liver Art. 
tied 

Liver Art. 
tied. l~ o 
other pro-
cea..ure 

Puncture 
with heat-
ing of basal 
ganglia 

Stock 

2800 

2840 

2360 

2750 

2540 

1950 

2220 

Rabbit 
No. 

22 

23 

21 

24 

25 

26 

27 

28 

T.ABLE X. 

Experiment of March 3rd and lOth, 1931. 

Liver Samples Rectal Temp. Time of 
c;o Solids at death death 

after 
Rt.Lobe M • .I..Iobe L. Lobe of. puncture REMARKS. 

28.9 29.2 29.9 102.7 

26.6 26. 2 26.0 102.8 

Showed signs of convuls 
siezures, cannula had b 

25.5 26.4 25.5 103.0 36 min. roughened. 

Posture normal, coordin 

27.4 28\.~ 22.9 106.1 47 min. movements. 

Normal posture, respira 
2 hrs. 

24.0 23.8 24.9 103.4 13 min. I coordina te d movements. 

hung himself and died before being discovered. 

6 hrs. 
after 

19.9 22.9 22.8 101.8 operation /Normal as above. 

The rabbit was kille a. w 
wa ter at 43 0 C was heati 
ganglia after 30 minute 

25.5 28.4 27.4 108.8 3 hrs. 
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Proc.edure 
wt . Rabbi t 
gms. No. 

Normal 

Puncture 
and heat­
ing basal 
g anglia 

Puncture 
and cool­
ing bas a l 
gahgli'a 

Puncture! 
and no 

other 
procedure 

Liver de­
nervation 

2295 

2537 

21 25 

20 20 

2350 

1854 

Cranial 3 524 
puncture 
and cool-
ing basal 
ganglia 

Liver de­
nervation 
Cranial 
puncture 2967 
and heat-
ing basal 
ganglia 

3 7 

36 

32 

33 

34 

35 

40 

41 

Liver Solids 
% Solids 

Rt.Lo be M.Lobe L.Lobe 

28. 4 29 .4 

31. 2 31. 2 3 1.4 

27. Z 28 .0 28 . ~ 

27.1 26.7 25 .9 

25.6 27. 2 27.7 

28 .6 27.6 28.1 

17.7 2Q.l 23 .5 

27. 4 21. 0 2'1. 4 

Rectal Temp . 
a t death 

OF 

10 2 . 0 

10 2 .0 

103 .6 

102,.6 

10 7.0 

106.4 

102.1 

106.5 

Time of 
de ath 
after 

puncture 

3 hours 
5 mi n . 

3 hours 
45 min. 

5 hours 
50 mi n . 

5 hours 
30 min. 

5 hours 
25 min. 

~~--~--~-, ----.-, 

Rem ar ks 

Killed 5:15 PM 

Posture and peripher­
al vasomotor r esponses 
we re normal.' Tre a t­
ment 35 min. 

Normal posture re­
flexes and usual vaso­
motor responses. 
Treatment for 39 min. 

Normal posture and 
muscular c oordination 
ears relatively warm. 

Normal posture and 
muscul.ar coordination 
vasomotor responses, 
ears warm. 

Puncture was made at 
time of operationt re- . 
covery good, normal 
posture and vaso­
motor responses. 

Puncture was made at 
time of operation; 

7 hours recovery good, normal 
30 min. posture and vasomotor 

res ponses. 
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Legend to Figure X. 

This figure shows the relation of liver solids to 

the time which had elapsed following cerebral puncture. 

Each liver solids figure represents the average of 

three solids determinations from each individual. The 

first figure was taken from normal rabbits having had 

no operative procedure. 

Figure Xa Liver solids from rabbits having had 

only simple puncture. 

Figure Xb Liver solids from rabbits having had 

liver denervated by method previously 

described. 

Ordinates % liver solids. 

Abscissae Time in hours which elapsed from time 

of puncture to taking of liver samples • 

.. 





liver had been induced to relinquish water. The blood specific 

gravi ty in the rabbi twas reduced from 1.0531 to 1.0505 in 

thirty minutes; the temperature fell .40 F. in the interval, 

also the temperature Was high at time of death and vasomotor 

responses were as usual with the ears very, vascular (see Table 

X), samples of liver were taken for histological studies as 

before. 

Another litter experiment using eight New Zealand rabbits 

was done March 18th with same procedure and methods as before 

with the exception that two additional liver denervations were 

made. 

46 i 

The liver from simple puncture showed a reduction of solids; 

puncture with heating of basal ganglia showed increased solids 

while puncture with cooling showed a decrease of solids from 

simple puncture. The rabbits having the liver denervated show-

ed still a low percent of liver solids which was not appreciably 

affected by heating or cooling with exception of the sample from 

the right lobe; the converse relationship would indicate that 

that lobe had been incompletely denervated. In as much as this 

same incongruity appeared in the experiment of February 24th, 

it is reasonable to suppose that some stray nerve fibers reach-

ed the right lobe from below the portal vein or from above the 

diaphragm (see Table XI). 
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TABLE XII 

This table was compiled from litter experiments on normal 

healthy. New Zealand rabbits. 

LIVER SOLIDS 

Number Average 
of Li ver Solids 

Rabbi ts % 

Normal 6 28.3 

Puncture 5 26.6 

Puncture 
with Heat 2: 27 .4 

Puncture 
with Cold a 26.4 

Hepatic Artery 
Cut 5 22.9 

Normal killed 
under Ether 2: 26.5 

Normal recovery 
from Ether 2 28.1 
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Ta.ble XII derived from the combined experiments in this 

series of litter experiments gives a comparative relation of 

liver solids to operative procedure. 

Discussion. 

The liver solids from the litter experiments show a 

close reciprocal relationship to the concentration changes of 

the blood derived from puncture fever and from heating and 

cooling of the basal ganglia. That the water content of the 

liver is variable in different lobes in the operated rabbits 

offers no particular difficulty except to diminish the contrast 

in results which is apparent in spite of that inconsistency. 

Furthermore, the reduction of liver solids in simple puncture 

fever is almost the same as the reduction found in Marshall's 

(18) rabbits last year from cocaine fevers "and degree of" re­

duction of solids from the onset of fever. 

Control of the blood concentrating function of the liver 

must therefore, be included in the heat regulating mechanism 

which has its nervou'S center in the basal ganglia. While 

effective vasomotor responses persist in all the procedures, 

the liver has been shown to be the principal agent in regulating 

the fluid content of the blood • 
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THE HISTOLOGY OF THE LIVER AS AFFECTED BY THE VARIOUS 

PROCEDURES USED IN THESE EXPERIMENTS. 
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The Histology of the Liver as Affected by the Various 

Procedures Used in These Experiments. 

The brains of the rabbits used were examined to confirm 

the entrance of the hollow tube into the region of the basal 

ganglia. No punctures were found which did not penetrate the 

structure of the brain adjacent to the basal ganglia. 

The samples of liver which were taken from animals in each 

type of procedure were preserved in formalin, embedded in 

paraffin and stained with eosin haematoxylin. These show the 

following characteristics as revealed in examinations of fields 

from which the accompanying photomicrographs were taken. 

Plates Ia and Ib - The liver from rabbits having had 

cerebral puncture only. 

49 

The microscopic examination of sections of liver from rabbits 

which have had simple puncture and were in a febrile condition 

at the time of death, shows a syncytium like organization of the 

liver cells with the central veins very markedly constricted, to 

the extent that the sinusoids are obliterated by the swelling 

induced by the imbibed fluid. 

The Kupfer cells are compressed to slit like form and the 

liver cells appear hydropic, angular in outline and greatly en-

larged. In a large percent of the cells in which the cytoplasm 
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appears hydropic, the cytoplasmic particles are aggregated 

into coarse granules which are not uniformly distributed. 

However the nuclei are still relatively normal in size and 

s~apej that is, rounded in outline and retain their homo­

geneous dark staining properties. 

The cells in areas farthest from the central veins show 

the greatest vaculated or hydropic condi tion.. These cells 

are also more deficient in granular cytoplasmic stuff.
o 

Plates IIa and lIb - The microscopic examination of 

sections of liver taken from rabbits which have had heat 

applied to the basal ganglia, shows the liver cells to be of 

compact cytoplasmic organization with cord like arrangement 

of normal liver. The sinusoids are very pronounced and the 

liver cells are relatively small. The cell outlines are very 

definitely not angular. The granules of the cytoplasm are 

small and compact, being uniformly distributed thl1'oughout the 

cell. The nuclei are darker staining and are more homogeneous 

in their make up than the nuclei of cells in Plates I and III. 

The cells have unquestionably lost fluid which fact effects the 

compact and rounded appearance. 

Plates IlIa and IIlb In the microscopic examination ,of 
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sections of liver taken from rabbits after cold had been applied 

to the basal ganglis, the tissue seems to have lost its cord-like 

organization and has assumed a syncytium-like character. 'fhe 



sinusoids are almost entirely obliterated with the exception 

of a very small area adjacent to some of the central veins. 

The Kupfer cells are elongated and flattened as if they were 

under considerable pressure resulting from the greatly in­

creased size of the liver parenchyma. The individual cells 

in addition to their great enlargement show that the cyt.o­

plasmic particles are aggregated in relatively bare granules, 

and in this condition the cytoplasm presents a clear vaculated 

appearance with the large granules rather evenly distributed 

around the nuclei. The nuclei appear comparatively normal; 

that is, they are wall defined, of normal shape ann size al­

though relative to the increased size of the cells they are 

smaller. 

The c'entral veins seem compressed showing a tendency for 

the intima to invaginate the lumen. No evidence of congestion 

is seen any place in the section. 

In some areas the parenchymas is of paler staining reaction 

than. in others and high magnification of these areas shows that 

the cells are enormously enlarged with relatively less granular 

aggregations and the nuclei are pale and lysed. 
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. Plate Ia - 71 diameters magnification. 

Photomicrograph taken of a section of liver from 
a rabbit having had simple puncture . The tissue 
was preserved in form~lin, embedded in paraffin 
and stained in eosin baematoxylin. 



Plate Ib - 390 diameters magnification . 

Photomicrograph taken of a section of liver from 
a rabbit having had simple puncture . 
Vie~ is taken from the same field as Ia showing 
an area adjacent to a ~entral vein . 



· Plate IIa - 71 diameters magnification. 

Photomicrograph taken of a section of liver from 
a rabbit having had simple puncture with heat 
applied to basal ganglia . Tissue preserved in 
formalin, embedded in paraffin and stained in 
eosin haematoxylin. 



, Pla te lIb - 390 di ameters ,magnific a tion. 

A photograph taken of a section of liver from a 
rabbit having had simple puncture with heat 
app lied to the basal ganglia. View taken from 
field shown in IIa and shows area adjacent to a 
central vein. 



Plate IIIa - 71 diamete r s magnification. 

A photomicrograph taken of a section of liver from 
a rabbit having had simple puncture with cold 
applied to the basal ganglia . 
The tissue was preserved in formalin , embedded in 
paraffin and stained in eosin haematoxylin . 



,Plate IIIb - 390 diameters magnification. 

A photomicrograph taken of a section of liver from 
a rabbit having had simple puncture with cold 
applied to t he basal ganglia. The view is taken 
from the field s hown in lIb, the area adjacent to 
a central vein. 
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CQ!{SIDERATION. 

The microscopic examination of the liver reveals 

that in puncture fever and in instances when cold is 

applied to the basal ganglia, that the liver cells have 

taken up fluid; and in case of heating the basal ganglia, 

that the liver cells have given up flUid, have become 

smaller and are of more compact structure. 

These findings SUbstantiate the blood specific gravi ty 

and liver solids findings reported in this paper • 
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SUMMARY. 

1. Heat applied to the basal ganglia of rabbits caused a 

dilution of the blood as sociated with the kn.own lower-

ing of body temperature; the converse was found true of 

the application of cold. 

2. Fever induced by puncture into the brain at the basal 

ganglia waS found to be accompanied by a concentration 

of the blood. 

3. Liver denervation increased the blood concentration which 

thereafter could be altered neither by heat puncture nor 

by heating or cooling of the basal ganglia. 

4. Fluid lost from the hlood during neurogenic fevers was 

shifted to the liver as shown by reduction of liver solids, 

conversely the liver surrendered fluid to the blood on re-

mission ,of fever. This has been shown both chemically and 

histologically. 

5. The rate of temperature rise in neurogenic fevers was found 

to be impaired by denervation of the liver. 
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CONCLUSIONS. 

1. Fluid is lost from the blood in neurogenic fevers; being 

shifted principally to the liver. 

2. This loss of fluid from the blood is controlled through 

a nervous mechanism which involves the liver. 

3. Any stimulus effective for body temperature regulation 

when applied in the central nervous system also appears 

effective in controlling the blood concentrating function 

of the liver • 
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