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treated mice uniformly showed an extensive increase of the epithelial 
folds and gland-like processes which completely penetrated the thick- 
ened mucosa, the muscularis and frequently pro jectecl to the serosa 
(Fig. 2) .  The epithelium consisted of tall columnar cells which 
sliow.ed slight mitotic activity. In many ducts 2 types of cells were 
found, tall cells with an eosinophilic cytoplasm and cells with a clear 
cytoplasm. Evidence of cystic distension of the ducts, concretions 
or inflammatory processes were seldom found and never extensive. 
The lamina propria was histologically unchanged and the muscular is 
showed no hypertrophy, in fact, was difficult to discern in many 
hypertrophied ducts. The larger braiiclies of the conirnon duct were 
similarly involved but the intrahepatic ducts had not been affected. 

Hypertrophy of the biliary ducts was observed in many mice of 
several different inbred strains (CE.I, C.H, Cz7, JK, 11.) and hybrids 
which have received estradiol dipropionate and estradiol benzoate 
in oily solution in amounts ranging from 16.6 to 50 pg weekly, estrone 
pellets, or stilbestrol (250 pg weekly). All animals were maintained 
on a diet of Puriiia Fox Chow and water. The hyyerplasias oc- 
curred most frequently and were most extensive in mice receiving 
treatment for the longer periods, Most niice survilring treatment 
over 450 days showed lesions of the biliary ducts. In one series of 
experiments 58 of 76 mice (F, hybrids of CEA X C,, strains) 
receiving 16.6 ~g of estradiol benzoate had nioderate1:y to extremely 
enlarged biliary ducts. Oiily 4 aninials had ducts that were grossly 
normal. The incidence was lower in mice of groups which did tal- 
erate the injections for the longer periods. Untreated mice (with 
the exception of 2 castrated females with adrenal tumors) and mice 
receiving testosterone propionate or sesame oil, have not shown a 
hypertrophy of the biliary ducts. 
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Pulmonary Circulation Time in Man at Low Body 
Temperatures. . 

OPPEKHEIMER -1s~) A. MCCRAVEY. (Introtluced by D. A. 
Collins. ) 

Front the Departments of Physiology, and Neurology and Nezi:rosurge.ry, Temple 
University School of Medicine, Philadelphia. 

Through the cooperation of Dr. Temple Fay, we have had an 
opportunity to observe a large number of patients during a period 
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of hypotliermia, induced in accordance with his new methods de- 
signed to establish the effects of low temperatures upon inoperable 
maligiiaiit growths.' Since little is known about the effects of this 
procedure upoii tlie various fuiictioiis of the liunian organism, we 
have undertaken a study of the circulation rate as affected by reduc- 
tion in the temperature of nian to an extent sufficient to induce 
artificial hibernation. 

Jilctliods. Circulation t inie was cleteriiiiiied by the cyanide 
method.' Tlic overwhelming factor in the results obtained is un- 
cloubtedly the circulation time through the lungs. Each patient was 
first tested at complete rest at normal temperatures. For this test 
basal conditions were obtained either by voluntary coiiperation, i f  
possible, otherwise by the acliiiiiiistratioii of evipal iiitravenously 
or avertin by rectum in dosage sufficient to produce narcosis. This 
narcosis was coiifiriiied hy the paticnt's failure to shiver (after the 
circulatioii tinie test ) when cooled by cracked ice applied directly 
011 the entire body surface (except the head) or by a blanket con- 
taiiiiiig coils containing iiiistures which did not freeze when held 
at low teiiiperatures. 111 either case (voluntary coiiperation or 
anesthesia), the patient had lieen at rest at least 15 niiiiutes before 
the test. 

During the period o f  Iow eiiviroiiiiiental temperature,' the l>atientS 
were entirely quiet when tested, anesthesia being used if necessary to 
bring this about. Patients who had an anesthetic as in the control 
period were tested with an anesthetic in the period of hypothermia 
and those that were quiet without anesthesia in the first were tested 
without it in tlie second. l3lootl pressure and pulse rate were re- 
corded during the 2 temperature periods. 

Skin teniperatures were determined just above ( 2  cni) the ante- 
cubital space by thermocouple, Rectal temperatures were also 
recorded by a recording resistance thermometer. 

With every injection of cyanide all the precautions mentioned 
by Robb and Weiss' \\-ere observed. Three sites of injection were 
used, antecubital. jugular, a id  femoral veins. This last was selected 
as the best measure of flow along an intraibdominal vein. Injections 
were made rapidly (0.5 second) ; a 2% solution of sodium cyanide 
was used. Volunies employed were 0.3 to 0.6 cc (6-12 mg). 

Circulation time as nieasurecl by this method is the tinie required 
for the injected cyanide to pass from the site of injection to the 
carotid and aortic cheiiioreccptors, stimulatioii of which by the 

1 Smith, L. W., and Fag, T., J .  A .  U. A., 1939, 113, 653. 
2Robb, G. P., and Weiss, S. ,  Am. Heart J . ,  1932, 8, 650. 
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drug elicits an abrupt increase in respiration. usually in depth only, 
sometimes in rate and depth. This tinie was measured graphically 
by a piieumograpli-tambour system recording on a kyiiiograph and 
checked by a stopwatch. 

Reszc1t.c. A. Girculrtiojz Time Betzwem ma ,-1&ecatbitcll Vein clnd 
the Aortic-cwotid Chenzoreceptors. In a series of 14 patients, this 
interval was measured at nornial temperatures under basal condi- 
tions (with or without anesthesia) and again in the cold. The in- 
terval between injection of sodium cyanide into the aiitecubital vein 
and its arrival at the arterial cheiiioreceptors, as indicated by the 
respiratory reaction, was prolonged from an average of 16.6 seconds 
(14 determinatioiis) at normal body teniperature to an average of 
23.5 seconds (14 determinations) in the cold. The controls varied 
from 11.5 seconds to 25.9 seconds. The values in the low teiiipera- 
ture phase varied from 17.8 seconds to 30.8 seconds. Statistical 
computation reveals a correlation between extent of prolongation of 
circulation tinie and extent of reduction of rectal teniperature of 
-I-0.32, wliich is scarcely significant. (Table I. ) 

B. Circzrlcrtioit Tiiizc Hetwecrz (1  Jit,91il01~ Vciu crnd .4ortic-cnrotid 
Chemoreceptors. This was measured in 10 patients a't normal teni- 
pleratures aiid again in the same patients exposed to low tempera- 
tures. The interval between the injection arid the respiratory reac- 
tion was iiicreased from an average of 11.3 seconds ( 10 determina- 
tions) at normal temperatures to an average of 15.2 seconds (10 
determinations) in the cold. For the coiitrols at noriiial tenipera- 
ttires the upper and lower limits were respectively 18.0 and 8.8 

TARLE I. 
Antecuhitrli 

Case No. 

Prolongatioii in Fall in 
circuhtion time rectal temp 

(see 1 (OF) 
1 
2 
3 
4 
5 
6 
7 
8 
I.' 

10 
11 
12 
13 
14 

13.5 l3.8 
13.0 9.0 
10.4 l0.3 
2.5 9.6 

13.5 114.6 
15.4 3.8 

3.6 8.8 
9.4 12.2 
3.0 11.6 
1 .8 14.6 
1.1 13.G 
8.2 11.1 
6.1 10.1 
1.2 14.1 

Correlation +0.32 
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TABLE 11. 
Jugular. 

Changes in indes 
Prolongation in Fall in Flall in of peripheral 

venous flow" circulation time rectal temp. skin temp. 
Case No. ( ) ( O F )  (OF) (see) 

3 
6 
7 
8 
9 

10 
11 
12 
13 
14 

3.0 10.3 
2.4 3.8 
1.0 8.8 
0.8 12.2 
0.3 11.c; 
2.8 1-U; 
10.4 Is.(; 
6.5 11.1 
1.9 10.1 
5.2 14.1 

Correlation +0.31 

4.8 - 7.4 
6.5 -13.0 
6.0 - 2.6 

14.5 - 8.6 
9.0 - 2.7 

10.0 + 1.0 
8.0 + 9.3 
5.0 - 1.1 
4.0 - 4.2 
3.0 + 4.0 
correlation -0.20 

"Prolongation -: Decrtme +. 
seconds, for the cold 21 .C i  a i i d  0.1 seconds. Hlere again there was 
little or no correlation l)et\\-c.eii the extent to which circulatioil 1 time 
was prolonged and the aniouiit of reduction in rectal temperature 
(+.31, statistical coniptitatioii, Table 11). The jugular vein to 
arterial chemoreceptor time represents what Kobb and Weiss have 
termed the crude pulmoliary circulation time.' It is evident that al- 
though this interval is prolonged by cold, the indicated slowing in 
the pulmonary circulatioii is riot proportional to the amount of cool- 
1ng. 

In 10 of these patients the index of peripheral venous velocity 
(antecubital to chemoreceptor niiiius jugular to chenioreceptor time) 
was deterniinecl. This nieasured the approximate velocity of venous 
blood flow in the arm. Here the niagnitude of the change in circula- 
tion rate ~ v a s  not correlated with the extent of reduction in skin 
temperature (statistical cotii1)utation). The relationship varied froin 
1.3 seconds shortening to 2.0 seconds pr 'O~o?Zp7t iO?Z per degree Fahren- 
heit reduction in skin teniperature. (Correlation was -.20, Table 
11.) 

C. Circirkntion Tim63 Rctsn-cciz (I Feiiiornl 17eit2 crird Cnvotid-nortic 
Cheitioreccptov.r. The saiiie nietliods in 10 patients as in :\ and B 
gave an increase (1)rolongation j in the average circulation time 
from 11.7 seconds ( 10 deterniinatioiis) in the normal controls to 17.4 
seconds (10 determinations) in the same cases exposed to low teni- 
peratures. Here, however, there was a statistically significant cor- 
relation (+O.Sl ) between the amount of reduction in rectal tem- 
perature and the extent o f  the increase in circulation time (Table 
111). 
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TABLE 111. 
Fem.ora1. 

Prolongation in Fall in rectal 
Femoral circulatioii time circulation time temperature No. of 

Case No. Control In cold (see ) (OF) tests 

3 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Avg 

9.8 
13.4 
12.4 
11.2 
10.4 
12.8 
12.7 
12.9 

9.9 
11.9 
11.74 

14.0 
13.8 
15.0 
17.6 
17.4 
22.8 
18.6 
17.6 
16.6 
20.6 
17.40 

4.2 10.3 
0.4 3.8 
2.6 8.8 
6.4 12.2 
7.0 11.6 

10.0 14.6 
5.9 13.6 
4.7 11.1. 
6.7 10.1 
8.7 14.1 
Correlation +0.81 

1 
2 
1 
1 
1 
1 
2 
1 
1 
1 

D. Eflects of Skizvrittg. In 2 subjects shivering was present be- 
cause of iiisufficieiit depth of anesthesia during- the stage of cooling. 
Both of these were also tested in the cold without shivering and at 
normal body temperature. In the first of these patients, shivering 
was quite pronounced. Circulatioii tiiiies from aiitecul)ital, jugular. 
and femoral veins to arterial chemoreceptors were all shorter than 
the corresponding times measured at iiormal teniperat ures. When 
the tests were repeated in the cold without shivering (i. c., under 
deeper narcosis), the 3 circulation times were all prolonged over the 
control at normal temperatures. 

In the second patient, shiverkg was only slight a id  was con- 
fined to the extremities. In this instalice, circulation - t h e  froin an 
aiitlecubital vein u7as shorter than the control at normal temperature 
while the other two were increased but slightly. When retested in 
the cold under adequate narcosis without shivering, all 3 tinies were 
prolonged over the tinies recorded in controls at normal temperature. 

Three patients were used to test this 
factor. Exaniiiiation proved them to have normal cardio-vascular 
sq’stenis. Circulation tinies were measured from the 3 sites of in- 
jection before and during evipal anesthesia. In all 3 cases the cir- 
culation times were shorter from each injection site under the anes- 
thetic than at rest without it. Pulse rate was increased and blood 
pressure was lowered in all 3 cases during the narcosis. 

It is probable that other types of anesthesia would produce sonie- 
what different results. especially on blood pressure, but siiice evipal 
was used as the narcotic in most of our patients to whom any such 
drug was given, these observatioiis show that the anesthetic pcr sc 
was not a proniinent factor. 

F .  Eflccts of Coolitag on Pitlse Rate  and Blood Prcssnirc. Pulse 

E. Efwt of L4izcstkzesicl. 



rates were usually slower and blood pressure regularly lower in the 
cold than in the same patients at iiornial temperatures. In 2 instances 
in which pulse rate was faster in the cold, the circulation time was 
nevertheless prolonged. 

The overwhelming factor in the results obtaiiied 
by the cyanide niethcd must he represented by circulation through 
the lungs. Since ~ L ~ ~ I I N ) I K ~ I - J -  circulatioii time varies inversely with 
iiiiriute volume o f  the right heart and directly with capacity and 
resistance o f  the ptiliiioriary circuit, measurement of pulmonary cir- 
culation time and its variations is a criterion of the resultant of these 
two factors acting sim~ltaneously.~~ ' 9  ' Our results, therefore 
justify the conclusion that when human patients are exposed to low 
enviromental temperatures by which their rectal temperatures are 
reduced to leyels approaching 8.5 F, the balance between right heart 
minute ~o lun ie  aiitl pti11iioiia1-y capacity and resistance is shifted 
toward the latter. 

.\ low etivironnieiital temperature reduces metabolism of brain as 
nieasured l,_v smaller arterio-venous differences despite a slower 
blood If a similar reductioii occurs in heart muscle under 
similar circtimstaiices, the n.eaker cardiac contractions that would 
result could, by diminishing cardiac output, account for almost all of 
the prolonged circulation time as well as the slower pulse rate and 
lower blood pressure. 

Patients in cold lmtlis haye a smaller cardiac output tliaii con- 
trols.7y s This suggests changes in right lieart output as the largest 
factor to tie considered. .iltlic )iigIi the dogs' heart will contract at 
temperatures as lon- as 77 - F, the output near this lower extreme 
is apt to be reduced as the heart begins to fail. Our low temperatures 
may fall in the range of chinislied cardiac output. Right heart 
failure with recovery has been confinned clinically in one of these 
cases.' 

-\bsence o f  corrclatioii o f  esteiit of l~roloagation of aiitecubital- 
arterial chemoreceptor time with the amount of reduction of rectal 
temperature confirms the necessity of controlling arm temperatures 

Disczissiorz. 
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when using the aiitecubitai vein as a p i n t  of injection and the diffi- 
culty in interlmtation o f  results 

A significant correlation of f enlord-nr t er ial chenic )r ecept or time 
with rectal temperature suggests that in the tissues which contribute 
blood to this long extent of iiitra%hdoniinal and iiitratlioracic vein, 
the valunx of blood Aow is reclwed in direct proportion to the de- 
crease in iiiteriial (rectal) body temperature, while in the case of the 
arm and head this is not true. It has been suggested that this correla- 
tion may be aii expression of Van't Hoffs Law.''* 

Pulmonary circulation time is prolonged in humans 
whose internal teiiiperature is reduced toward 85 'I; when exposed to 
low environiiiciital temperatures. It is suggested that diminished 
output of the right heart is a large factor. Correlations between fall 
in rectal temperature and prolongation in circulation time exist only 
when the femoral vein is the site of injection. Shivering shortens 
circulation time or minimizes prolongation due to hppothermia. 

Swzmarz,. 
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Reflex Inhibition of Bile Flow and Intestinal Motility Mediated 
Through Decentralized Celiac Plexus. 
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From the St .  Lowis University Soh.001 of Mediehe. 

The celiac ganglia are anatomically and functionally related to 
the splanchnic nerves. Tlie peripheral links in splanchnic efferent 
conduction pathways are made up of celiac ganglion cells. Splanch- 
iiic nerve components, however, are not the only nerve fibers which 
terminate in the celiac ganglia. In a recent experimental anatomical 
study, terminal branches of axons have been demonstrated in prepa- 
rations of the celiac ganglia of the cat in wliich all the splanchnic 
nerve fibers which enter these ganglia had undergone degeneration, 
following bilateral section of the splanchnic nerves. Intact nerve 
fibers also have been demonstrated in sections of the distal segments 
of divided mesenteric nerves arising from the celiac plexus, after 
the fibers separated from their cells of origin had iindergone de- 
generation.' These findings support the assumption that axons of 
10 Lstead, E. A., Jr., and Kunkol, F., Am. J .  Med. Sc., 1939, 198, 49. 
IIRing, G. C., Am. J .  Phgsiot., 1939, 125, 244. 
12Bruhn, J. M., Am. J .  PhysioZ., 1940, 129, 322. 

1 Kuntz, A., J .  Comp. Nmr., 1938, 69, 1. 


