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NTICHOL1NERGIC AGENTS have been recommended for the t reatment  ot 
every disorder of the gastrointestinal tract, whether  functional  or 

organic in origin, T h e  spasmolytic and antisecretory potent ia l  of these 
compounds has led to the assumption that  they have a beneficial effect 
in a wide variety of 'condi t ions.  Despite their adopt ion into the physi- 
cian's therapeutic  a rmamenta r ium,  it must  be noted that acute pan- 
creatitis and the water}' diarrhea of the irri table colon syndrome are the 
only gastrointestinal conditions in which general agreement  exists about  
the value of using anticholinergic d rugs :  

A discussion of the rat ionale for the use of anticholinergic therapy in 
the t reatment  of duodenal  ulcer would be simple and of little practical  
concern i[ incontrovert ible proof  existed that  these drugs favorably affect 
the course of peptic ulcer disease. T h e  first question is: Do anticholiner- 
gics, used alone or in addit ion to a regimen of b land diet, antacids, and 
sedation, shorten individual attacks of duodenal  ulcer symptoms and do 
they speed the healing of the ulcer crater? T h e  second question to be 
raised is: Does the continued adminis t ra t ion of anticholinergic drugs to 
patients with duodenal  ulcer disease reduce the recurrence rate of the 
ulcer, the incidence of complications such as perforat ion and hemorrhage,  
or the percentage of patients eventually requir ing surgery? T h e  number  
of reports dealing with these two questions is legion, but  it is obvious 
that  a report  by Dr. X stating that  92% of his patients  with duodenal  
ulcer responded favorably to C o m p o u n d  Y does not supply the needed 
answers. The re  are only a few well-designed studies where patients  with 
duodenal  ulcer disease were randomly assigned to t reatment  with adequate  
doses of an anticholinergic agent or to no such treatment.  In  one such 
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recent investigation, e t reatment with an anticholinergic drug of a small 
group of patients with healed duodenal  ulcer reduced the recurrence 
rate of ulcer symptoms from 45°0 to 8°'~o during a 2-year observation 
period. T h e  majority of investigatiors have, however, come to the con- 
clusion that the vah,e of anticholinergic drugs in the treatment of 
duodenal  uh:er remains uncertain, ',a-~ althouglt it cannot be categori- 
cally denied. 

A few points appear  well established: 
1. T h e  unit  dose in which anticholinergic agents are manufactured, 

the therapeutic dose recommended by the pharmaceutical  houses, and the 
dose usually prescribed by physicians are far too low to affect gastro- 
intestinal function. In general, gastric secretion is not significantly re- 
duced unless closes are given which cause mild to moderate dryness of 
the month  or which are just one dosage increment below the dose causing 
uncomfortable side effects. This  dose is called the optimal effective dose 
and shows wide individual variations. 7 The  optimal effective dose is 
usually several times higher than the unit  dose; this should be established 
for each patient  by a stepwise increase in the amount  of the drug until  
dryness of the mouth  appears. Thus,  dryness of the mouth  is not a side 
effect, but  an indication of effective anticholinergic therapy. In view of 
the variable dosage which is required to achieve an optimal effective dose, 
the routine use of drugs combining the unit  dose of an anticholinergic 
agent with a sedative or tranquilizer has no rational basis. 

2. Anticholinergic drugs are rather  safe and are well tolerated in over 
90% of patients, a T h e  most frequent  complication is urinary retention 
in men with prostatic enlargement. Glaucoma remains a contraindication 
to the use of anticholinergic agents, but  glaucoma crises are precipitated 
only rarely by their use. In  patients with narrowing of the gastric outlet 
these drugs are contraindicated, since they may precipitate or aggravate 
pre-existing gastric retent ion through inhibi t ion of gastric motor  function. 
The re  is no evidence suggesting a cumulative effect of, nor the develop- 
ment of tolerance to, anticholinergic agents, a 

3. Thus  far, no synthetic antichotinergic agent has been demonstrated 
to have a selective ability to suppress gastric secretion. It is not yet pos- 
sible to exert an anticholinergic effect on the stomach without  also pro- 
ducing signs of cholinergic inhibi t ion in other organs, a, s At opt imum 
effective doses, atropine causes greater inhibi t ion of intestinal motility9 
and higher incidem:e of diplopia a than the newer, synthetic agents. 

4. It is common clinical experience that anticholinergic drugs often 
are promptly effective in relieving ulcer pain. This  welcome effect 
may occur without a concomitant  reduction in gastric acidity, a 
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Cholinergic activity, mediated by excitation of the vagus, or arising 
within the intramural  ganglia of the gastrointestinal tract, affects most 
aspects of gastric secretory and motor  function, le T h e  vagus nerves may 
be stimulated centrally (e.g., sham feeding response), by hypoglycemia, 
and by gastric distention. Under  the influence of vagal stimulation, gastric 
motor function becomes more active, and the stomach secretes an in- 
creased volume of juice containing large amounts of acid, pepsinogen, 
and nmcoprotein.  Vagal activity enhances the amount  of gastrin released 
from the gastric antrum, and it potentiates the action of gastrin and of 
an intestinal hormone on the parietal cells of the stomach promoting 
secretion of hydrochloric acid. Cholinergic excitation is the most potent  
stimulus known for the secretion of pepsinogen from the gastric chief 
cells. 

Theoretically, anticholinergic agents should be able to abolish all these 
manifestations of vagal or cholinergic activity, but  the situation is more 
complicated than that. As expected, anticholinergics prevent the increase 
in gastric acid output  following injections of cholinergic agents such as 
Urecholine* and Mecholyl. t But, paradoxically, they have no a or only 
a slight s,ll depressive effect, in conventional doses, on two forms of 
gastric secretory stimulation mediated by the vagus: insulin-induced hy- 
poglycemia and an ordinary meal, both of which produce secretion rich 
in pepsinogen and acid. T h e  conclusion that can be drawn from these 
observations is that anticholinergic agents cannot effectively interfere 
with some manifestations of vagat activity that are caused by endogenous 
stimulation of the parasympathetic system. Basal gastric secretion, on the 
other hand, is consistently reduced by anticholinergic drugs, as is secre- 
tion following the injection of histamine or Histalog.* There  is much 
evidence to suggest that a therapeutic dose taken at bedtime will sup- 
press nocturnal acid secretion, a especially if given together with a dose of 
an antacid. 4.~-~ In patients without  gastric outlet obstruction, anti- 
cholinezgic therapy does not consistently lead to a measurable delay in 
gastric emptying. ~a 

The  clinician inquiring about  the rationale of anticholinergic therapy 
for peptic ulcer has but  slight interest in the effects that these drugs 
exhibit in the gastric secretory laboratory under  various experimental  
conditions. He needs to know what these drugs accomplish under  the 
actual conditions of use, that is, in an active patient who is following an 
ulcer regimen for some period of time. 1, 4 With this question in mind we 
conducted the study described below. 

*Merck Sharp & Dohme, West Point, Pa. 
~Eli Lilly and Company, Indianapolis, Ind. 
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TABLE 1. MEAN VALUES OF GASTRIC SECRETION IN 6 FASTING PATIENTS 
W I T H  DUODENAL ULCER ON GLYCOPYRROLATE* 

Basal secretion (1 hr.) 

Vol. 
(ml.) 

Post-Histalog (l hr.) + 

Free Total Free Total 
acid acid acid acid 

(mEq./ (mEq./ VoL (mEq./ (mEq./ 
pH L.) L,) (rot,) pH L.) L.) 

No drug 122 1.7 32 45 232 1.4 66 90 

Glycopyrrolate 51 1.9 20 41 136 1.5 56 86 

*Gastric contents were continuously aspirated by hand. One-third of the daily optimal 
effective dose of glycopyrrolate had been taken by mouth  2 hr. I)efore collection of 
basal secretion started and 3 hr. before Histalog injection. 

tDose: 0.5 mg./kg, body weight. 

M E T H O I )  

In 6 patients suffering from a symptomatic recurrence of duodenal 
ulcer disease the dose of the anticholinergic, glycopyrrolate (Robinul) ,*  
which caused mild dryness of the mouth  was determined; this varied 
from 15 to 24 rag. daily, given in 3 divided closes at 9:00 A.M., 3:00 P.M., 
and 9:00 P,M. This  (lose was sufficient to reduce the volume of basal 
gastric secretion and the volume after Histalog injection by about 50~,~), 
but  it did not reduce gastric acid concentration markedly (Table 1). Th e  
patients were then admitted to a metabolic ward, where they received 
throughout  the study a six-meal bland diet (7-10-12-3-5-8), 1 oz. of 
Gelusil t every hour  on the hour  between feedings from 7:00 A.M. tO 
10:00 P,Xt., and one close of antacid at 2:00 A.,Xt. Th e  optimal effective 
(lose of glycopyrrolate tablets, divided in 3 daily doses, was given for 3 
days and an equal number  of placebo tablets for another  3-day period. 
T h e  sequence of the 3-day drug and placebo period was alternated. T h e  
patients were ambulatory on the ward and had an indwelling nasogastric 
polyvinyl tube (1.8 ram. internal diameter) with its tip in the most de- 
pendent  port ion of the stomach. Hourly  aspirations of 3-5 ml. of gastric 
contents, just prior to the next meal or antacid dose, were performed 
during the entire period of 6 clays. In 5 patients, samples were aspirated 
every 30 rain. on the second (lay of the drug and the placebo period. Th e  
pH of the samples was measured after food particles had been removed 
by centrifugation at 2000 r.p.m. Mean pH values were calculated by 

*A. H. Robins Co., Inc., Richmond, 'Va.  
tWarner-Chilcott  Laboratories, Morris Plains, N. J. 
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conversion of individual pH measurements into mitlie(luivalents per 
liter ot hydrogen ion. 

R ES U LTS 

In none of the 6 patients was gastric acidity consistently reduced dur- 
ing the day, but  the pH  tended to be slightly higher in the evening and 
night hours during the glycopyrrolate period. T h e  results of hourly 
aspirations on the hour  for the entire study are shown in Fig. 1. For each 
hour, the p-value of the difference in pH  between drug and placebo 
period was calculated; in no instance did this difference reach statistical 
significance (p<0.05). Figure 1 also reveals that the gastric contents 59 
mil l  after food or antacid intake during the clay and also during the 
night had a pH of less than 3.5 for most ot" the time. This  is of some 
concern since the activation of gastric pepsinogen to active, proteolytic 
pepsin occurs mainly between pH 1.0 and 3.5. 

Th e  results of the gastric aspirations on the half hour  are shown in 
Fig. 2; pH values during drug and placebo periods were vely similar. If 
glycopyrrolate had caused significant gastric retention of food and ant- 
acids at 30 rain. after oral intake, consistently higher p H  values than 
during the placebo periods should have been present in these samples 
iaken on the half hour. 

pH 
91ycopyrrolote ( 3 doys) 

2]plocebo ( 3 d o y $ ) . .  . . . . . . . . . . .  

2 

1 
9 I0 II 12 I 2 3 4 5 6 7 $ 9 I 0  I I  12 I 2 3 4 § 6 7 8 

o.m. p.m, a.m. 

hour 
Fig. 1. Mean pH of h o u r l ' ,  r gastric aspbates in 6 patients during a 24-hr. period. 
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glycopyrrolote ( I do) , )  

plocebo ( I d a y )  • ............. • 

~" • • 

2. 

I 
• • , • • , , • i | i i • i i , I i  , i ! , , , 

9:]0 10!3011;3012:30 1:30 2:30 3[30 4~0 5:30 6~30 7:30 6~30 9130 10:30 11~30 12:30 I:30 2130 3;30 4130 5[30 6130 7130 ¢J:30 
o m p . m .  a . m .  

hour 
Fig. 2. Mean pH of gastric aspirates on the half hour during a 24-hr. period in 

5 patients. 

DISCUSSION 

T h e  result of this study is not part icularly surprising since other 
potent  anticholinergic drugs used in a similar exper imenta l  design were 
equally ineffective in decreasing gastric acidity. 4, 12, 1:~ Indeed, there is 
no indication that  the addit ion of anticholinergic therapy to a regimen 
of regularly scheduled meals and antacids causes an impressive decrease 
in the acidity of gastric contents in the pat ient  with (iuodenal ulcer. In 
one recent report ,  s however, the antichotinergic agent, poldine, caused 
considerable reduction in gastric acid concentrat ion from 30 to 105 rain. 
after a meal,  but  the design of this investigation differed from ours. De- 
spite these negative findings, it is entirely possible that  under  the condi- 
tions of actual clinical use, anticholinergic drugs may significantly de- 
crease the volume of gastric juice, with concomitant  decline in total acid 
and pepsinogen TM secretion. T o  out' knowledge, definite information on 
these points is not available for any anticholinergic agent. As long as it 
is not known whether  gastric acid concentration,  total acid output ,  pep- 
sinogen secretion rate, or yet another  factor is the critical parameter  which 
governs healing and recurrence of peptic ulcer, we cannot  draw any firm 
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conclusions  on the cl inical  usefulness of an t i cho l ine rg ic  drugs from ex- 

pe r imen ta l  s t u d i e s - - n o  m a t t e r  how they are devised. T h i s  u n d e r l i n e s  

the necessity for more,  careful ly cont ro l led ,  long- term cl inical  studies of 
large homogeneous  pa t i en t  groups  before the role of an t i cho l ine rg ic  

agents in the therapy of d u o d e n a l  ulcer  can be assessed conclusively.  

S U M M A R Y  

T h e r e  is no s tandard  dose of an t i cho l ine rg ic  agents  which can be relied 

u p o n  to affect gas t ro in tes t ina l  func t ion .  T h e  op t i ma l  effective dose nms t  

be established for each pa t i en t  i n d i v i d u a l l y  a nd  there is no  an t i cho l in -  
ergic capable  of selective act ion on the stomach. 

An t i cho l ine rg ic  drugs suppress basal gastric secret ion and,  in  m a n y  

cases, n o c t u r n a l  acid secretion. A l l ev ia t ion  of ulcer  p a i n  by an t i cho l in -  
ergics is no t  consis tent ly re la ted to i n h i b i t i o n  of gastric secretion. U n d e r  

condi t ions  of actual  c l in ical  use, they do no t  decrease gastric acidity b u t  
their  possible effect on total  acid and  peps inogen  o u t p u t  remains  u w  
known.  

T h e r e  is no  conv inc ing  evidence that  an t i cho l ine rg ic  med ica t ion  favor- 

ably influences the course of d u o d e n a l  ulcer  disease. 
Department o[ Medicine 
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Milwaukee, Wis. 

R E F E R E N C E S  

I. IXCHaqNOER, F. j. Anticholinergic therapy of gastrointestinal disorders. New Eng- 
land J. Med. 268:1454, 1963. 

2. Sc~, D. C. H. The medical management of duodenal ulcer and long term study 
with drug therapy in the prevention of recurrences. Ann. New Yorh Acad. Sc. 99: 
104, 1962. 

3. BACHRACH, W. H. Anticholinergic drugs. Survey of the literature and some ex. 
perimental observations. Am. ]. Digest. Dis. 3:743, 1958. 

4. LENX.~aD-JoNES, .J.E. Experimental and clinical observations on poldine in treat- 
ment of duodenal ulcer. Brit. M. ]. l:1071, 1961. 

5. LAw, D. It., SMITH, F. ~,'., BENSON, G. D., and SLE1SENC.ER, .'l,f. H. l)rug therapy of 
gastrointestinal disease. Am. J. M. Sc. 238:638. 1959. 

6. KmSN~R, J. B., and PALX~R, W. L. Treatment of peptic ulcer. Am. ]. ,lied. 19: 
793, 1960. 

7. Stx, D. C. H.. SH.~v, H., and CtMI~ERA, J. L. Relative effectiveness of anticholiner- 
gic drugs on basal gastric acidity. J. A. M. A. 158:713, 1955. 

8. MrICHELL, R. D., HUNT, J. N., and GROSSM~N, M. I. Inhibitiou of basal and post- 
prandial gastric secretion by poldine and atropine in patients with peptic ulcer. 
C, astroen terology 43:400, 1962. 

9. KRAMER, P. Antimotility activity of equitoxic doses of anticholinergic agents. 
Am. J. Digest. Dis. 5:1019, 1960. 

10. GREGOR':, R. A. Secretory Mechanisms o[ the Gastrointestinal Tract. Arnold, Lon- 
don, 1962. 

New Series, Vol. 9, No. 9, 1964 663  



C U R R E N T  T H E R A P Y  IN G A S T R O E N T E R O L O G Y  

11. PIPER, D. W., and  SHEL, M. C. A compar i son  of a series of newer  ant ichol inergic  
agents  as regards  thei r  effect on saliva flow and  gastric secretion in J~aan. Gut  3:65, 
1962. 

12. ATKINSON, M. T h e  use of b a n t h i n e  in the  control  of gastric acidity. Gastroenterology 
26:288, 1954. 

13. BINGLE, J. P., and  LENNARD-JONgS, J. E. Some factors in the  assessment of gastric: 
ant isecretory drugs  by a s a m p l i n g  technique .  Gut •:337, 1960. 

14. MOELLER, H. C. Physiological  effects and  clinical e~aluat ion of gl}cop}rrolate in 
pept ic  ulcer disease. Ann. New York Acad. Sc. 99:158, 1962. 

664 American Journal o{ Digestive Diseases 


