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F OLL0WlN(~ THE I.XTITIAL STUDIES 1' 2 in which methylpolysiloxane 
(silieone ant i foam) a was shown to be highly effective in In'e- 

venting ulcerat ion in tile pylorus-l igated and in the t rea tment  of 
histamine-induced gas t roduodenal  ulceration in dogs, a clinical 
tr ial  was inst i tuted in pat ients  with chronic peptic ulcerat ion? As 
the trial  progressed it beeame apparen t  that  the experimental 
p repara t ion  which had been so successful in the previous animal 
studies ~, 2 had no effect in the ulcer patients.  This led to repetition 
of animal studies on the p repara t ion  used in the clinical tr ial  and 
when they failed to show the beneficial effects which the early 
studies had shown, trials were under taken  with other types of s i l l  
cones. 

MATERIALS AND METHODS 

Studies were under taken both in Indianapolis  by Dr. J. B. Hanl- 
mond at the ]~li Lilly and Company and in the Gastroenterolog'y 
1Researeh Labora to ry  at the Univers i ty  of Michigan in Ann Arbor. 
The animal prepara t ions  used were as follows : 

1. Pylorus- l igated rats  were sacrificed at 18 hours (Lilly) and 
at 24 hours (U. of At.) a f te r  operation, in whieh the various silicone 
prepara t ions  were given by stomach tube. Quant i ta t ion of nicer- 
prevent ing action in the lat ter  study was based on presence or 
absence of macroscopic ulceration in the rumen including perfora- 
tion of stomach or per fora t ion  of esophagus. In the former  study 
the following grading  system was used as an ulcer index: 

0 = elear 

1 = 1 or 2 small ulcers 

2 ---- more than 1 or 2 ulcers but not many  
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3 = many  small and large ulcers 

4 = pe r fo ra t ed  or marked ly  u lcera ted  

The index was der ived by adding  the seore for eaeh animal  and 
dividing by the number  of anitnals receiving the same t rea tment .  
Thus  the range of score can vary  f rom 0 to 4.0. 

2. Mann-Wil l iamson dog p repa ra t i on  of which 8 received s i l l  
cone and 7 (lid not. 

3. His tamine  ulcers in dogs:  15 dogs were given daily sub- 
cutaneous inject ions of h is tamine-acid  phospha te  in beeswax (pre- 
ceded by 20 rag. benadry l  subcutaneously)  in the dose of 30 rag. 
h is tamine base pet' day for 18 days, fol lowed by 60 rag. per  day 
until  death  or saerifiee. Silicone theraI)y, s t a r t ed  7 days a f te r  
s ta r t ing  h is tamine  injections,  was given daily by s tomach tube as 
a 1/10 dilut ion of the emulsion in the close of 3 ee. di luted mix tu re  
per  kg. initial body weio'ht. The (log's were weighed daily. 

MATERIALS 

All the silicones used in this s tudy were suppl ied  both to l~;li Lilly 
and to the Univers i ty  of ~[iehig'an by I)ow Corning  Company,  Mid- 
land, Michigan, by the cour tesy  of and wi th  the active coopera t ion  
of Dr. 5[elvin ,J. H u n t e r  and Dr. R. I~. McGregor.  X E C  151 was 
an an t i foam of the type previous ly  effective in ra ts  and  dogs ~'2 
but as used in this study,  was not  of the or iginal  batch. 240-41 was 
the code number  for the clinical s t u d y /  and the last  number ,  -86 
and -101, etc., denoted  placebo and silicone, respect ively,  the la t ter  
belonging to the X E C  151 group.  Reference  to numbers  in brackets  
(e.g. 240-41-101 #64)  refers  to lot numbers  as suppl ied  by Dr. 
Hunter .  

RESULTS 
1. Pylorns-ligated rats: 

A. 380 rats  were s tudied in the labora tor ies  of Eli  Lilly 18 hours  
a f te r  pylorus  l igat ion (Table 1). The method  of quan t i t a t i ng  the 
results  is dif ferent  f rom that  used in subsequent  exper iments ,  in 
that  the ulcer index was the measure  depended  upon.  Table 1 
shows that  Amphoje l  in full s t r eng th  was very  effective in prevent-  
ing u lcera t ion;  the placebos 240-61-86 conta in ing  20% Ampho je l  
were ineffective by compar ison.  Of all the silicones tes ted  240-41- 
101 (number  64) was the most  effective. This  was the p r epa ra t i on  
used in the clinical trial.  Of the X E C  151 p repara t ions ,  there  was 
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Type  

T A B L E  1.  E i g h t e e n - H o u r  P y l o r u s - L i g a t e d  R a t s  
( E l i  L i l l y )  

17leer 
Drug  An ima l s  Stomach Index  Mor ta l i ty  

P e r f o r a t i o n  

Lot  Esoph- Dead 
-N-umber Dose ag'us Stomach 18 hours 

None (Cont ro ls )  

Sa l ine  

A m p h o j e l  
Si l icones 

(240-41-101) 

RT ,,o', O _ O  

130 ? 28 :2.4 47 
1 nil. 10 ? : 1.9 ? 
0.3 ml. 10 ? ? 2.3 ? 

10 l n l . / k g  "20 4 1 l 3.3 14 
1 ml.  10 0 {} 0.1 ? 

10 0 1 0.5 1 

a. X E C 3 3 4  3(} 10 2 5 3.2 9 
b. XEC 267 9 3 5 3.3 9 
e. XEC 15l  

~ 6 4  + 80 u 4 1.52 52 
# 7 4  30 o 6 2.47 21 
~ 7 2  10 ? ~ 1.9 ? 
# 8 2  10 2 1 2.6 3 
~ 8 3  10 1 2 2.4 3 
# 8 5  10 :2 :2 3.(} 5 
~ 8 6  10 2 1 2.4 2 
# 9 2  9 3 1 1.7 4 

+XEC 151, Lo t  240-41-101, ~ 6 4  was used in the c l in ical  t r ia l .  

variat ion f rom lot to lot in effectiveness which could not be ac- 
counted for by any of the physieo-ehemieal ehaPaeteristies of the 
emulsions. 

B. 395 rats  we,'e studied at the Univers i ty  of Michigan (Table 
2) all by a uniform technique. The animals .were allowed food un- 
til the night before pylorus ligation and water  until the time of 
ligation. At that  time 1 ee. of the test drug was introdueed into 
the stomach and the animals we,'e kept for 24 horn's without food 
or water.  A number (lied dur ing this period, the remainder  were 
sacrificed at 24 horn's. In all the animals the volmne, pH, and con- 
dition of the mueosa of the rumen were noted. They were recorded 
as good or bad depending on the absence or presence of macro- 
seopie ulceration, in  Table 2 the results of t rea tment  with saline, 
Amphojel,  20 different  types of silicone and two organo-metallie 
eatalysts  (XEY 5697 A an<l B) are detailed. Naline alone gave 
poor results (12 per cent good), Amphojel  was a little better (42 
per cent good). Among the silieones, a few in full s t rength gave 
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T A B L E  2. E v a l u a t i o n  o f  D i f f e r e n t  T y p e s  a n d  Lots  o f  S i l i c o n e  C o m p a r e d  to 
A m p h o j e l  o r  S a l i n e  T r e a t m e n t  in  2 4 - H o u r  P y l o r u s - L i g a t e d  Rats*  

Drug  Gas t r ic  Ju ice  Surv iva l  S tomach  

Vol. ( m l /  pH  # a l i v e  a t  
Type Lot  ~ i ) i lu t ion  ~ 24 hrs)  r ange  b 2 4 h o u r s  Good Bad  Good% 

I .  S A I , I N E  0.9% 20/73 9 64 12 
2. A M P I I O J E L  0 19 2-3 17/19 8 11 42 
3. S I I , I C O X E S  12 3 80 

A. A n t i f o a m  XEC 5(127 0 9.5 4-6 6 / 1 5  
X E ( '  5507 0 15 4-6 6/15 9 5 64 
XEC 5507 1:10 12 .5  5-6  3/10 4 6 40 
XE( '  55o7 1:100 17.0 1 5 1/8 '2 6 25 
X E R  5527 o 15.5 3-7 I 1/15 12 3 80 
XE(? 5667 0 22 3 6 10/14 8 6 57 
XE( '  5667 1:10 15 5-6 4 /6  1 5 20 
XEC 5687 0 ? < 3  2/5 0 5 0 
XEC 5517 0 17 2-5 (i/8 7 1 88 
X E ( '  5 5 1 7  1:10 ? ? 3 /5  1 4 20 
X E ( '  5647 0 16 2-5 10/12 9 3 75 

1 : 10 20 4-5 ? 1 3 25 
I :100 21 4-5 ? 0 4 0 

XEC 5537 o 23 ~ 3  4 /5  1 4 20 
B. F lu id  XEO 5577 0 ? .~ 4 /4  (~ 4 0 

E F  5567 0 19.2 5-7 9 /15  11 4 73 
EF 5657 0 17 2-7 3 /9  7 2 78 
EF  5547 o 17 4-6 10/15 10 5 67 
X E O  5587 ~) 20 4-7 7/9 5 4 56 
E F  5557 0 13 ~ 3  3/5 0 5 0 
XEO 5597 0 13 2-6 2/10 8 2 80 
EF 5(137 0 19 2 5 3 /7  2 5 29 
EF  5637-t- 10 0 100% 
X E Y  5097A 5:1 20 6 10/10 

C. Resin X E R  5607 II 16 ~ 3  2/5 1 4 20 
X E R  5617 o 21 4-6 10/14 14 0 100 
X E R  5017 1:10 23.4 5-7 10/10 5 5 50 
X E R  5617 1:100 17.4 5~6 10/10 '2 8 20 
X E T  5627 o 19.3 5-7 7/10 7 3 70 

4. Organo- X E Y  5697A 0 22 .4  6 7 10/10 10 0 100 
Metal l ic  1:10 23.2 3-6 14/14 14 0 I00 
Ca ta lys t s  1 :100 30.5 2-6 3 /10  10 0 100 

X E Y  5697B 1:10 22 .6  2-6 5/5  3 6 33 
1 : 100  '2"2.0 2-6 5 /5  0 5 0 

%~11 :mimals  were given 1 ml. of the respect ive  fluid by s tomach tube at  the t ime of 
pv orus l iga t ion .  

'Mcasmed  by pH Hydr ion  paper .  

reas<mal)le results, but Ul/On dilution the percentage of good results 
was sharply reduced. The two catalysts,  as follows, were very 
different. 

XEY 56!17 A is dibutyl tin diacetate 
((:4H9)_~ Si (OOCH:~)., 
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X E Y  5697 B is zinc di (2-ethyl hexoate) 
Zn (OOQH~)~ 

One gave poor results, the other prevented gastric ulceration in 
100 per cent of rats of dilutions of up to 1:100 ( =  .01 ce. of origi- 
nal) without  reducing volume or acidity of the contents. 

In the lat ter  animals the surface of the mucosa appeared white 
and coagulated. Acute toxicity studies were per formed with XEC 
5697 A, in 10 rats  given 1 ml . /day by gastr ic  intubation and com- 
pared  to 10 controls given 1 ml. saline per day. Both groups were 
allowed food. 

CUM[:LATIVE PER CENT OF RATS DEAD 

Days 0 1 2 3 

X E C  5697 A 0 1()~ 40% 100~o 
Saline 0 0 0 0 

At autopsy the entire gast rointes t inal  nmeosa was white, coagu- 
lated and friable. The other organs appeared  grossly normal.  

I t  seemed unprofitable to continue any fur ther  ulcer-prevention 
studies with XEC 5697 A. 

2. Dogs  : 

A. Mann-Will iamson prepara t ions :  ( James  B. Hammond,  M.D.) 
Emuls ion 240-41-101. 

Fi f teen dogs were studied, 8 serving as unt rea ted  controls. Six 
developed ulcers and died at 15, 28, 33, 35, 45 and 52 days, respec- 
tively, af ter  operation. One sacrificed at 46 days had no ulcer and 
one at 63 days had numerous  erosions of the.,~tomach and jejunum. 

Of the remaining 7 animals, 4 were t rea ted  with undiluted sili- 
cone (50 ee./day) and 3 died with ulcers at 52, 55 and 63 days after  
operation, respect ively;  the other sacrificed at 26 days had no 
ulcers. Three  others were t rea ted  with diluted silicone (10 co. in 
100 ec. fluid) and died with ulcers at 43, 48 and 66 days, respec- 
tively. 

B. His tamine induced ulcerat ion:  
Ten dogs were injected with 30 rag. his tamine base per day for 

20 days and then given 60 rag. per  day. Four  dog's died at 2 (0),* 
4 (0), 10 (q-), and 11 (q-) days respectively. The others were 

~Symbols in brackets  denote absence or presence of chronic peptic ulceration. 
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sacrificed 13 days a f te r  s t a r t ing  the large dose of h is tamine.  Of 
these, 4 had  gastr ic  or duodenal  ulcers, while 2 did not. Thus  of the 
8 clogs receiving" large doses of h i s tamine  for  10 days or more,  6 
had chronic pept ic  ulcers. 

Of the 6 dogs t rea ted  with silicone 5 died, one a f te r  9 days on 30 
rag. of h is tamine  daily showing mul t ip le  je juna l  peteehiae.  The 
others died 6 (0), 8 ( + ) ,  11 ( + ) ,  11 ( ÷ )  days, respectively,  a f te r  
the la rger  dose of h is tamine  and one sacrificed at 13 days also had  
a chronic ulcer. Thus,  of 6 dogs, 4 had  chronic ulcers, one acute 
je junal  u lcera t ion and the sixth, no ulcers. 

Silicones appa ren t ly  had  no protect ive  action in these dogs, and  
the results  differed apprec iab ly  f rom our earl ier  exper iments  with 
a different  silicone p r e p a r a t i o n  in the h i s tamine  ulcer in dogs. 2 

D I S C U S S I O N  

In the var ious  exper iments  r epo r t ed  here, seine types  of silicone 
gave bet ter  protec t ion agains t  exper imenta l ly  induced u lcera t ion  
than others,  and wi thin  each type di f ferent  fac tory  batches of ap- 
paren t ly  the same Fhysico-chemical p roper t i e s  gave di f ferent  re- 
sults. In  none of the batches or types tes ted here, however,  did 
the effectiveness app roach  that  of the an t i foam silicone used in 
the previously  r epor t ed  exper iments .  U n f o r t u n a t e l y  none of the 
original  mater ia l  could be located, and one is left  with the haun t ing  
melody of the lost chord. Since there  was no way of de t e rmin ing  
how any of the large numbers  of silicones used in these experi- 
ments  differed cri t ically f rom the or iginal  mater ia l ,  we were at a 
loss for direct ions in which to pursue  the s tudy and regre t fu l ly  
abandoned  fu r the r  tes t ing with the conclusion that  some silicone or 
silicone-like compound,  in which combined spreading,  clinging, and  
water-repel l ing character is t ics  may  eventual ly  be found suitable 
for the t r ea tmen t  or p reven t ion  of pept ic  ulcerat ion.  

SUMM s, RY 

In the search for a silicone as un i fo rmly  successful  as the one 
used earlier, in p reven t ing  and treating'  exper imenta l  pept ic  ulcera- 
tion in animals,  30 dif ferent  silicones were used in pylorus- l iga ted  
rats,  Mann-Wil l iamson dogs and h i s tamine  u lcera ted  dogs. None 
were found to be un i fo rmly  effective and the init ial  encouraginy," 
results  r epor ted  by us could not be r ep roduced  with subsequent  
~ilicone prepara t ions .  

NEW SERIES 
VOL. 5, NO. 2, 1960 145 



Hirschowitz et ai. 

R E F E R E N C E S  

1. NI(:K~:~SOX, 3I., and CURRY, C. F. Fed. Proc. 12:354, 1953. 
2. NICK~I~SOX, 3I., BOLT, R. J., HII/SOHOWlTZ, B. I., and CURRY, C. F. F(d. Pro('. 1.7: 

390, 1954. 
3. 3IcGRFx}OR, R. R. Silico~ies and Their Uses, New York, McGraw Hill Book Co. 1st 

Edition. (1954) 
4. BOLT, R. J., HIRSCItO\VITZ, ~B. I., and POLLARD, H. M. Therapeutic Trial of Silicone 

in Peptic Ulcer..,[ m. J. Di,(l~,st. Dis. N.S. 5:135, 1960. 

Forthcoming p a p e r s . . .  

Biopsy of the Normal Hunlan Intestine 
(]. ASTALDI, ] I . 1 ) . ,  and E. STROSSELLI, ~ [ . | ) .  

Perforation of the lleum in Steroid-Treated Systemic LuI)US 
Erythematosus 

PERRY BI~:R(;, ]I.D., ALLEN H.  I)OSTF&, 3[.1)., and STANLI<Y L. 
Lr:E, M.D. 

An Instrument for Serial Sampling of Intestinal Juice--The In- 
testinal Cup--A Means of Locating the Site of Intestiual Bleed- 
lug 

W. H. CROSBY, ,Jl~., ]I.D., W. H. ('ImSBY, Sit., and H~:ixz W. 
KUGLER 

The ])iagnostic Value of l)eterminations of Serum l~eueine Anlino- 
peptidase Concentrations in Carcinoma of the Pancreas 

,l:t.m~s B. HASrMoxD, 3I.D., BF~RXAI~D D. ROSEXAK, M.I)., and 
E. C. KHOO, 3I.D. 

Leucine Amino-Peptidase. Significance of Sermn Elevations in 
Disease of the Hepato-Biliary-Panereatie System 

]-IARRY SHAY, M.D., DAVID C. H .  SUN,  ] I . D . ,  D . S c . ,  and HEllS[AN 

SIPLET, B . S .  

Serial Serum Diastase Studies (Normal Controls) 
JA.~I~:S F. SVLLIVAX, M.D., and WmLIAS~ A. KNlCmT, JR., M.I). 

AMERICAN JOURNAL OF 
146 DIGESTIVE DISEASES 


