
428 CINCHOPHEN CHOLERESIS AND PEPTIC ULCER 

tions to blood protein production and utiliza- 
tion, Thus, it has Ibleen demonstralted recent- 
lyIs that although the antibody level in the 
blood of immunized, normal and adrenalecto- 
mized rats may be at  similar levels, the tissues 
of the adrenalectomized rats are producing 
antibody at a rate which is distinctly less than 
that of the unoperated animals. This sug- 
gests that the adrenalectomized animals are 
also removing antibody from the circulation 
at  a rate which is less than normal. Thus, al- 
though the blood titer is similar in the two 
groups of animals, the presence of th'e adrenal 
dws appear to influence the rate a t  which the 
antibody gliobulin enters and leaves the circu- 
lation. It may also be of significance that 
Mondolfo and DeLernerlO reported recently 

sults. 

~~ 

18 Roberts, S., and White, A., unpulslished re- 

that whereas relatively small doses of adrenal 
cortical extract may augment the rate of anti- 
body production, significantly larger amounts 
of the same extract produced a suppression of 
antibody production as compared to the rate 
seen in animals receiving antigen done. 

Sumnary .  Normal mice, or mice blearing a 
transplant able 1 ymphosamoma, were given 
single injections of adrenal cortical extract or 
exposed to a single radiation dose of 200 r 
(total body radiiation) . Examination of the 
serum protlein patterns of these mice at 3 and 
at  6 hours afiter hormone injection, or at 6 
hours after exp'mure to X-rays, revealed a 
striking increase in total serum proltein levels. 
However, electrophoretic examination did not 
reveal significant alterations in the relative dis- 
tribution of the sorum proteins. 
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Brugsch and Horstersl were tihe first to 
show that cinchophen, in bot'h dogs and man 
caused an increase in the bile flow. Stransky2 
carried this study to rabbits and was unable 
to detect any choleretic effect of cinchophen 
in this speciles. Berman and Ivy3 confirm'ed 
this finlding and flounid in addition that the 
excretioa of cinchophen in th'e bile of rabbits 
was very small. 

Churlchill anld Van Wagoner' demonstrated 
that dogs receiving 20 to 30 times the human 
dose of cinchophen developed gastric or duo- 
denal ulcers. This finding has since bleen 
confirmed very many times.5-T ShojP found 
that rabbits were very resistanit to the ulcero- 

IBrugsch, W., and Horsters, H., Z .  ycs. Exp. 

2 Stransky, E., Biochem. Z. ,  1995, 155, 256. 
3Berman, A. L., and Ivy, J. H., PROC. SOC. EXP. 
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Med., 1923, 38, 367. 

BIOL. AND MED., 1940, 45, 833. 
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genic action of this drug. Okadag likewise 
failed, to produce cinchophen ulcers in either 
rabbits or guinea pigs. Schwarz anid Sim- 
monds10 were unable to induce cinchophen 
gastric, or duodenal ulceration in rabbits or 
guinea pigs, but found catts w r y  susceptible. 
The ability of cinchophen to muse liver dam- 
age in ratsll has been noticed but there has 
been nlo8 report of its effect upon the gaxtm- 
intestinal tcact. 

6 Stalker, L. K., Bollman, J. L., and Mann, F. C., 

GBollman, J. L., and Mann, F. C., Proc. Staff 

i Nasio, J., Rev. Gastroenterol., 1946, 13, 195. 
8 Shoji, A., Tmns. Soc. Path. Jap., 1933, 23, 

9 Okada, S., Trans. Soc. Path. Jap., 1933, 23, 

10 Scliwarz, S. O., and Simmonds, J. P., PROC.  

11Barbour) H. G., and Fisk, M. E., J .  Pharm. 

Arch. Surg., 1937, 34, 1172. 
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TABLE I. 
Effect of Cinehophen Upon Bile Output in  Various Animals and Its Excretion in the Bile. 

Bile output 

Cinchoplien Control, 1st 30 min. of cinchophen 
,7 ---, %recovery 

No. of Avg administered, ml in Control, after Increase, in bile in 
animals Species wt, g mg/kg 30 min. ml/kg hr cinchophen % 1st 2 hr 

4 Rabbits 2,400 100 4.5 3.74 4.25 0 1.75 

13 Rats 241 100 0.266 2.2 0.239 0 5.1 

14 Guinea 569 100 2.2 7.2 3.0 36.3“ 27.7 
Pigs 

11 CdtS 2,850 100 0.77 0.54 0.95 23 2.18 

* This figure only is statistically significant (P = < O . O l ) .  

Except in the case of the rabbit and d’og, 
it has not previously been: shown whether or 
not m y  relationship exists between the suscep- 
tibility o f  an snim’al to cinchophen peptic 
ulcer and the animal’s cholteretic response to 
this drug. 

Methods. Two series of experimenlts were 
condluctd, acute experiments to determine 
the efiect (of cinchophen upon’ the bik flow and 
chronic feedling experiments to determine the 
susceptilbility of the various anlimals to cin- 
chophen ulceration. 

A cute experiments. Cats, rabb’its, guinea 
pigs anld rats were used in this study. Dogs 
werle aot used its they have been adequately 
studied by others.lJ2 The animals having 
been fiasted fmor the preceding 12 hours were 
anesthetized with “Nembutal”. The gallhlad- 
der, where present, was tied off and the 
common duct cannulatedl using plastic tub- 
ing. In  rats, a glass cannula of near-capillary 
dimensions aktached by rubber tubing to a 
hlorizontal gradbateld 1 ml pipette was used. 
In  the other species the bile was collected in 
10 ml graduated cylinders. The volume was 
measured half-hourly. After a steady control1 
output had been reached, cinchophen dis- 

N 
solved in - NaOH was administered intra- 

10 
venously. In those animals failing to respond, 
the reactability was tested with sodium de- 
hydrmholate (“Decholin”) . Animals failing 

12 Bradley, W. B., and Ivy, A. C., PR~OC. SOC. 
EXP. BIOL. AND Mm., 1940, 45, 143. 

to give a response to sodium dehydrocholate 
were discarded. 

Chronic Feeding Experiments. In these 
studies the ssame flour species were used with 
the addition of dogs. The latter were used 
to determine the ulcerogenic potenicy of the 
cinchlophen. The drug was administered to 
cats, dogs, guinea pigs andl rabbits daily in 
gdatin capsules. I t  was in admdition adminis- 
tered snbcutaneously t’o anotiher series as an 
aqueous siolution of the sodium salt to guinea 
pigs, rabbits andl rats. To still anoither series 
of rabbits and rats a suspension of the free 
acid in tragacanth was administered by sttom- 
ach tube. In these species this mode of ad* 
ministratiion was found rnlove convenient than 
gelatin capsules. As it was observed that 
the animals most susceptible to cinchophen 
ulcler were carnivora, a serises of rabbits, rats 
anld guinlea pigs was fed the same proprietary 
meat dog food as were the dogs and cats. In  all 
cases conltrol aniimak were fed the same diet 
without cinchophen as the test animals. 

I t  is now well known that choleresis results 
from the administratison of cinchophen both 

TABLE 11. 
Apparent Relationship Between C4inchophen Excre- 
tion in  Cats’ Bile and Choleresis Induced by 

Cinchophen. 

70 cinchophen recovery 70 increase 
in bile flow Cat. no. in bile in 1st 2 hr. 

0.13 
1.13 
1.7 
2.5 
5.65 

0 
0 

100 
117.5 

16.75 
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TABLE 111. 
Incidence of Ulceration in  Various animals Resulting from Cinchophen Feeding. 

No. of animals 
showing 

KO. of Dose range, Survival time, ,r \ 

aiiiinals Species 1ng/kg Diet days Ulcers Erosions 

2 1  
11 

20 
10 
6 

24 

11* 
1 2  

6 
4 

1 
6 

Rablii t s 
9 '  

(iuin ea 
ptgs 

Rats 

9 ,  

? ?  

Cats 

Dogs 

1 1  

7 ,  

100-600 
100-2  00 

10 0 - 2 3  0 
300 
480 

10 0 - 40 0 

300 and 1 .300 
6 0 0 - 7 0 0 

100 
"00 

100 
900 

Sorinal 
Meat 

Sornial 
7 ,  

7 7  

Meat and 
normal 

S o  r nial 
7 ,  

7 7  

j J  

9 )  

9 7  

12-32 
1 2  

16.5 
7.1  
5 

S 412-56 

s 15 
s 10 

9 
6 

S 62 
14 

0 
0 

1 
6 
1 

0 

2 
10 

3 
3 

0 
6 

0 
2 

0 
0 
0 

0 

5 
1 

1 
0 

0 
0 

* These animals were fed 500 mg/kg for  13 days and given 1,500 mg/kg on the 14th) and 
killed on the 15th. 

S = Sacrificed. 

by vein and orally to acute and chronic biliary 
fistula dogs.12 

Results. I t  will be seen from Table I thtat 
guinea pigs show both the greattest chderetic 
response to cinchophen and also the greatest 
secretion of cinchophen in the bile. Rats and 
rabbits show no choleretic response. The rats, 
however, secreted appreciable quantities of 
cinchophen in the bile whereas the rabjbits as 
was previously shown by Berman anld Ivy3 
did not. Our results in cats were not clear 
cut. The average figures show a slight in. 
crease, but this was not statistically significant, 
many of the animals failed to respond to 
sodium dehydrocholate and were therefore 
not included in the resulits. I t  will be seen 
firom Tablie I1 that thbe cinlchophen output in 
the cats' bile sh,ows individual variation, but 
nevertheless the magnitude of the choleretic 
effect appears to vary directly as th8e cincho- 
phen output. 

I t  was found (Table 111) that among the 
species studied rabmbits alone failed to develop 
cinchophlen ulcers. Two gastric erosions (x- 

curred amongslt the meat fed animals, but as 
these appeared with equal frequency in the 
controls fed meat without cinchlophen the 
causative factor was tlhought tlo be the pws- 
ence of fragmenlts of blow sin the meat. 

The only ulceratiton men in rats occurred 
in a series fed 500 mg/kg cinchophen daily for 
13 Idtays. On bhe 14th day, 1,500 mg/kg was 
adminisbered. Two ulcers and a number of 
erosions (Table 111) wwe observed st autopsy 
on the 15th day, and in anlobher series in 
which 10 of one dozen rats, fed 600-700 mg/ 
kg developed ulcers within 10 days (Fig. 1).  
The stomachs of all were full of food iths 
excludling starvation as a possible cause of 
the gastric llfiions. All lthe ulcers seen oe- 
curred in thle glandular part of the stomach. 
The meat diet seemed to be without effect. 

Ulcers olccurred in guinea pigs more fre- 
quently than: inl (rats, blut still with less fre- 
quency than in cats or dogs. They occurred 
omly when doses in ~ i e  neighbloaholodl of 300 
mg/kg were given daily. Above and below 
this Idose level cindmphen killed the animals 
but ulcers were not seen. Meat feeding to 
guinea pigs over long periods of ti m e  was 
found impossible as the animals wouldl starve 
rather than eat thle diet. I n  our earlier inves- 
t i g a t i ~ n ~ ? ~  doses of 2001 mg/kg were used 
and ulcers were not produced. A group oif 
control animals fasted fm one week without 
lbeing givien cinlchophen developed the charac- 

13Magee, D. F., Kim, K. S., and Ivy, A. C., 
Bed. Proo., 1949, 8, 103. 
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FIG. 1. 
Ulcers produced in  the ra t% stomach by feeding 

600 mg/lrg cinchophen for 10  days. 

FIG. 2. 
Typical gastric ulceration resulting from feed- 

ing 300 mg/kg cinchophen to guinea pigs. 

teristic mottled yellow liver, seen in all animals 
except dogs, but no ulcers appeared. This 
exdudes the possibility that cinchophen pro- 
dulced ulceration is secondary to loss of ap- 
petite and subsequent starvation. 

The ulcers s l m  in guinea pigs were quite 
unlike those slen in other animals. They 
were almost always multiple and were con- 
fined1 allmost lexcliusively to' the fun& part 
of the stlomach (Fig. 2 )  whereas in cats and 
dogs, in both of which ultoers oclcurred easily, 
they were pybric, usually single, occasionally 

3 or 4 were observed in cats. In  guinea pigs 
there were seldbm less than 20. 

Similar ulcers were produced in guinea pigs 
using sodium dehydmcholate in dose  of 2001 
mg /kg/day orally or su bcu tanmusly of ten 
within 24 hours. Sel lard~s~~ and Tsuruta15 
have produced t;his characteristic guinea pig 
type of ulceration with sodim glycocholctte 
and the sodium salts of conjugated chslic acids 
obtained from ox bile. 

Discussion. I t  appears, at least superficially, 
that cinchophen ulteration can be produced 
most easily in those species which show a 
choleresis, but the cholerstk response in cats 
to cinchopben is so s m t l  and variable as to 
be statistically insignificant, and3 moreover it 
is not certain that the ulcers in the guinea pig 
are of the same origin as h s e  occurring in 
cats and dogs. Sodium dehydrocholate ad- 
ministered to guinea pigs will prodbe ulcers 
almost identical in silte and appearance with! 
those rlesulting f-rom cinhophen. This has 
not been seen in the other animals. The 
ulcers produced in rats were in response to 
such enormlous doses of cinchophen that a di- 
rect effect upon the mucosa cannot be ex- 
cluded. 

No correlation appears to exist between1 the 
cinchlophen wtput  in the bile and the w i e s  
susceptibility to cinchopkn ulceration. Rats 
and especially guinea pigs secrete very much 
more cinchophen in their bile than do cats and 
yet cats were the most ulcer susceptible ani- 
mfals studied. 

The ody factor which is common to a11 
ulcer resisting species is that they have a high 
contr'ol output of bile. However, the most 
susoeptible of the resisting species, the guinea 
pig, has the highest basal Ibile flow (Table I). 
Cats and dogs, 'bthl  of which secrete approxi- 
matey 0.5 ml per kg/hr are very susceptible. 
It is well known that dogs totally deprived of 
bilie often develop spontaneous ulcers. A 
possibililty which must be considered is that 
cinchophen has a different metabolic pathway 
in the more resist'ant group of animals from 
that in the less resistant species. 

-_ 
14 Sellards, A. W., Arch. Int. Med., 1909, 4, 502. 
1'5 Tsuruta, T., Cincinnati Med. Bull., 1931, 6, 

110. 
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Sunzniary and conclusions. X choleretic re- 
sponse to cinchophen was observed in guinea 
P W .  

The cinchcphen output in the bile was 
found to be greatest in guinea pigs and to 
decrease in the following order: rats, cats and 
rabbits. 

The following is the order found for suscep- 
tibility to cinchophen ulceration: cat, dog, 
guinea pig and rat. Rabbits were found com- 
pletely resistant. 

There appears to Ible no obvious relationship 
between the species susceptibility to cincho- 
phen ulceration and the choleretic response of 
that species to cinchophen or to the concentra- 
tion of cinchophen in thle bile after intravenous 
ad micis t r a t io 11. 

I t  xould appear that thie ulc'er susceptible 
animals investigated have a low basal bile 
flow whilst the unsusceptible have a high flow. 

Receired Octobpr 4; 1949. P.S.E.E.M., 1949, 72. 
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Prewar and wartime research allowed the 
development of electronic equipment capable 
of efficiently producing large quantities of 
radiation above 1000 megacycles (micro- 
waves). Notable among these adlvances was 
the developmlent of the magnetron tube which 
is used in radar equipment1 and has been in- 
corporated recently in a microwave diathermy 
machine.* The frequency a t  which this 
machine operates (2450 megacycles, 12 .2  cm) 
allows good penetration of animal tissue and 
even of bonle, as demonstrated by Osborne and 
Frederick? and Krusen, Herrick and Wakim.s 
These findings and the fact that radiation at 
this frequency travels in substantially straight 
lines suggests that the application of toxic 
dloses of this radiation to a small area of the 
cerebral cortex is possible without iiijurp to 
the scalp and skull. 

However, a review of the literature reveals 
no report of the utilization of microwave radi- 

I Argeiito, H. I?., ('(.ntiiiil.tei-\a~-e llngnctroiis. 
QST, Dcc. 1945. 

* XI-ailable as tlir ' J l i c ~ o t l l c ~ ~ l  " f r o n ~  tlie 
Raytheoil RIfg. Co., \\ 'nlth;m, Mass., T T - ~  C 'OUY- 

teously supplied tlie machine witli wliich this TI ork 
was done. 

2 Osborne, Stafford L., and Frederick, Jesse N., 

3 Krusen, F. H., Herrick, J. F., and Wakirn, 
K. Q., Proc. #tuff Meet .  M a y o  CZin., 1947, 222, 209. 

eJ.A.X.A., 1948. 

atioii for the artificial production of focal neu- 
rological lesions. With the technic to be de- 
scribed flocal lesions were produced in rabbit 
brains withoiut surgical procedure. The site oif 
the cortical lesion, moreover, was accurately 
determined before the irraduiation. 

Adult rabbits weighing about 3 
kg were utilized. Under intravenous PerYtQ- 
thal anesthesia sufficient to immobilize the 
znimal (50-100 mg) the animal's bead was 
placed on a wooden block approximately 7 cm 
in thicknless. The area of the scalp over the 
proposed site of irradiation was shaved. A 
thin copper shield with an  oval hole 2 x 3 cm 
was then placed with the long axis of the 
hlole parallel tol the rabbit and over the pro- 
posed site, in the present cases the righlt 
cerebral hemisphere. It was found conwen- 
ient to braz'e a guide on the upper surface od 
thle shield to maintain ,the intersectioa of the 
llead-in Iconductor and' dipole directly over 
the h o k  in the shield. I n  lth'e "C" type of 
director, which was used throughout, the point 
of maximum radiation was directly unlderneath 
the small screw which held 'the dipole in place. 

The plastic protector of the radiating ele- 
men'ts was then placed in contact with .the 
shield and the shield in contact with the scalp 
over the proposed site. I t  was founid con- 
venient to mark the site lightly with a d,ot 
of collosed crayon before putting thle shield 

Method. 


