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gffect of Anticholinergic Agents on the Intestinal
Absorption of 9Fe Ferrous Citrate

Hector Orrego-Matte, MD, Oscar Fernandez, MD and Ismael Mena, MD

The ahsorption of 52Fe ferrous citrate has been studiad in humans after adminis-
tration of the anticholinergic agent, hexocyclium methosulfate, and in rats, after
atropine. In both species, anticholinergics produced a decrease in absorption.
The effect of atropine on iron ahsorption persisted when the radiociron was de-
livered intragastrically, mixed with gastric juice, hut not when administered
intraduodenally. Another set of experiments showed that iron absorption de-
creases when radioiron is intraduedenally delivered in deproteinized acid gastric
juice, or in 0.10 N HCI, hut not when mixed with neutralized gastric juice. It is
concluded that anticholinergic drugs inhibit iron ahsorption hy an effect on a
gastric factor necessary for optimal iron absorption, and not through a decrease

in acid secretion.

Despite initial conflicting opinions (1-5),
most of the recent expevimental and clini-
cal cvidence, obtained by the use of more
relinble technics, suggests that the stomach
plays an important role in iron absorption
(6-1G). A consequence of partial gastrecto-
my in man is malabsorption of food iron
(17-20), and vagotomy is not eutirely Free
from hematologic consequences, as shown
by lower hemoglobin and serum iron val-
ues (21, 22). It was considered of interest to
study whether the administration of anti-
cholinargic drugs wlhich inhibit gastric
secretion also interleres with ron absorp-
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tion. In this paper, we discuss experiments
designedt 1o examine the absorption of radi-
oiron (™fe lerrous citrate) in humans and
in rats receiving anticholinergic drugs.

MATERIAL AND METHODS

Instrumentation

Whole body counting was done witl a 20 X 10
em Flarshaw  Nal ihalinme-activated crystal, This
was housed {n a §-em Uik lead container provided
with a fmaimel-shaped collimator Jocated avonmd the
erystal’s open end. This semicone was 30 cm bigh
and A% e wide v is inferior diameter, Tis
thickness was lapered from 8.7 em at the crystal end
1o 0.5 cur at the distal end, The elecivanic equip-
meut congisted of a1 400 channel "UMG analyzer, set
at 4 keV per channel, Average backgraund at the
photopeak was 60 counts/min and the diciency was
approximately 450 countsfmin/uGi. The counling
time of 10 minutes allowed accumulation of suffi-
cienl gounts for a wminimum accuracy of £2% in aly
meastrements,

Protocol

Exporiments in humans. Six malc physicians
were investigawed, The experimenial nalure of the
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study was fully explained to them. Tle subjects
were normal and none was anemjc. The radioiron
used in the lests was ®Fe ferrous citrate* (specific
activity 26,0 mCi/mg Fe), 10 4Ci of which were
dissolved in water containing 250 g of ferrous
sulfate (924 pg Fe*). This mixture and the
ringings of the beaker were ingested after an
overnight fast. Whole body counts were performed
4 hours later. This value scrved as the 1009
reference point of the administered dose (28)., The
crystal was placed at a distance of 1.7 m from a
stretcher on which the subject reclined, It was
centered on the xyphoid, and its isosensitivity arc
included the head and knees of the subject. The
difference in sensitivity between the anterior and
posterior surfaces of the bady amounted to 109,

Sixty minutes before administration of radioivon,
the subjects received a dose of 62.5 mg of hexocycli-
um methosulfate (Tral),* an anticholinergic agent,
The dose was repeated 6 hours later, In all of the
subjects, this dose produced the usual dryness of
the mouth secondary to the use of a rather high
dose of a parasympatholytic ageut, but no other
Symptoms were observed. Four hours after ingestion
of the radiciron, whole body counting was done.
Every 5 days thercafter, for 15 days, a plateau of
bady radioactivity was reached in all subjects. After
correcting for the physical decay of the isotope, the
percentage absorbed was calculated from the ratia
of the final to initial counts,

When no radioactivity was detected in the body,
the same subjects again received the same dose of
radioiron, this time without the anticholinergic
agent, and the same procedure was followed. Each
person thus served as his own control.

Experiments In rats. Male Sprague.Dawley rats,
weighing approximately 250 g and fed a normal
laboratory diet, were used. All cxperiments were
started after an overnight fast, Iron absorption was
measured after administration of ®Fc¢ ferrous cit-
rate, without carrier, in two different doses: When
the radioiron was given directly, intragastric 0.5 ,Ci
was used, with 025 ,g being the total amount of
iron per dose, When given with gastric juice, 20 uCi
of vadiciron were mixed with 5 m] of gastric
secretion, and 05 ml of the mixture was adminis-.
tered. ‘The total amount of iron per dose was 0.20
g In the experiments in which the isotope, alone
or in a mixture with gastric juice, was given
intragastrically, it was administered through an

*Abbott Laboratori es, Chicago, T11.
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indwelling polyethiylene tube, When thie radioiron
was given intraduodenally, a small laparotomy was
performed under light ether anesthesia, and the
mixture of gastric juice and radioiron was injected
through a ncedle across the stomach and the
pylorus into the first portion of the duodenum, The
incision of the abdominal wall was then closed.

In every experiment, radioxctivity was measured
as follows: One hour after administration of the
isotope, the total body radioactivity was measured.
This was done by placing the animal in a tght-
fitting container in order to avoid countiug rate
variability caused by changes in body positian. The
disrance to the crystal was 60 cm, and its isosensitiv-
ity area included the entire animal, Total body
counting of the isotope was perlormed daily for 7
days. This period was enough for the unabsorbed
part of the dose to be fully excreted, and a plateau
of radioactivity was attained. The percentage of
radioirou ahsorbed was then caleulated as in hu-
mans.

In rats, the anticholincrgic used was atropine
sulfate, subcutancously administered in two doses of
I mg with an interval of 6 hours. No obvious toxic
symptoms were observed with this dose. The radi-
oiron was administered 1 hour alter the first dosec
of atropine. This dose was chosen after experiments
in which the pylorus was ligated in 10 rats, and
gastric  secretion  collected  according to  the
procedure of Shay (24). The rats were kitled 4
hours after ligation of the pylorus. The gastric
contents were analyzed as to volume an¢l hydrochlo-
ric acid concentvation in milliequivalents per liter.
Five of these rats had received 1 mg of atropine
sulfate subcutaneously | hour before the operation,
The volume of the gastric contents in the controls
was 6.15 = 046 ml; it decreased to 1,10 = 0,30 ml
in the rats receiving atropine. The concentration of
hydrochloric acid fell from 62.30 = 12.19 mIq/liter
in the controls to 0.03] == 0.01 mEq/liter in the rats
with atropine,

When ™Fe ferrous citrate was given mixed with
gastric juice, the latter was collected after ligation
of the pylorus in 8 rats for 3 hiours. The rats were
then killed and the gastric contents were pooled
together. The pH of the pooled gastric secretion
was always below 2. Then 20 ,Ci of radioiron were
added for each 5 ml of gastrie juice. This mixture
was further incubated in a water bath at 87 C for I
hour.

In the experiments in which neutralized gaslric
Juice was used, the radioiron was mixed as zbove,
then the mixture was neutralized by the slow
addition of 125 M NaOH through z fine capillary

Digestive Diseases, Vol. 16, No. 9 (September 1971)
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wbe under constant agitation, pH measarements
were made with a Radiometer titrator,

When deproteinized gastric juice was used, the
gastric contents were treuted with 109 trichloroace-
tic acid ad the Glwate, after precipitation, was
mixed with 1.5 volume of acctone and heated at
40 C for ! hour, With (lis procedure, a precipilate
is formed which coutains all the Iron-binding
substances present 0 gastric jnice (10), Then 20
#Ci of ®Fe ferrous citrate was added o cach § ml
of the acctone-[ree filtiate,

Statistical Analysis

Statistical evaluation was performed with the use
of the Student’s ¢ test. As used in the lext, signifi-
cant means P < 0.05, and valnes are weins % SE.

RESULTS

Experiments in Humans

Table 1 shows that after administration
of hexocyclium methosulfate, there is an
important decrease in the percentage of
radioiron absorbed in all subjects; in some
of them, absorption was completely inhib-
ifed by the anticholinergic.

Experiments in Rats

When radioiron was delivered intragas-
trically, absorption decreased significantly
in rats receiving atropine, compared to the
controls (Table 2). In order to test if this
effect of atropine is secoudary to the de-
crease in acidity induced by the drug, #Fe
ferrous citrate was given alter mixing aund

Tablel. Effects of Hexocyclium Methosulfate
(Tral) on "Fe Ferrous Citrate Ahsarption
in Humans

Percentage of “Fe'! ahsorbed

Control period With Tral

Subject

1 3.1
7.2
11.3
10.4
7.1
13.7

f= ) INL I N FUR XY
[ <3 e o B e ]
W o N~
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incubation in acid gaswic juice. In this
condition, there was a significant diminu-
tion of racdioiron absorption with respect to
the animals receiving radioiron without
previous mixing and incubation in gastric
juice. Notwithstanding, the administration
of atropine induced a further decrcase in
absorption, The inhibition resulting from
atropine administration wus not dependent
on an increase in gastric pH, since both
mixtures came [rom a pool of gastric secre-
tion with a pH of 1.5 (Table 2).

To test the possibility that atropine inhi-
bition of Fe++ absorption would ke due
to an intestinal effect of the drug and not
to its action on gastric secretion, radioiron
mixed with gastric juice, as in the preeed-
ing experiment, was administered to rats,
in a volume of 0.5, directly into the first
portion ol the duodenurm. Fe++ ab-
sorption under these conditions was ol the
smme order of magnitude as when radioiron
mixed with gastric juice was placed in the
stomach (Table 3). When the experiment
was repeated in animals receiving atropine,
the pereentage absorbed was not statistical-
ly different from that absorbed in animals
without atropine,

When gastric jnice was treated with (rj-
chloroacetic acid and acetone to precipitate
proteins and all iron-binding substances
present, and only then mixed with radi-
oiron, and injected into the duodenum,
there was a significant decrease in iron
absorption with respect to the amount al-
sorbed when radioiron mixed with whole
gastric jnice was injected,

There was also a decrease in ferrous
citrate absorption when the isotope was
injected into the duodenum in an artificial
solution of 0,10 N hydrochloric acid. On
the contrary, when the isotopc was mixed
with gastric juice, and the mixture nentral-
ized to pIl 7.0 and then injected into the
tluodenum, the absorption was not signifi-
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cantly different {rom that found when the
radioiron mixed with gastric juice at pH
1.8 was injected into the duodenum (Table

8).
DISCUSSION

Our results clearly indicate that anti-
cholinergic drugs decrease the absorption
of 5Te ferrous citrate in the human and
the rat. Since atropine had no effect on

Tabie 2,

ORREGO-MATTE ET AL

radioiron absorption when the isotope is
delivered directly into the duodenum, this
effect of the drug must be secondlary to a
change in gastric [unction. The [act that
malabsorption of the isotope persists whep
the radioiron is given mixed with gastric
juice at a low pH shows that the cause of
the defect is more complex than the mere
decrease in gastric acidity induced by the
drug.

Effect of Atropine Sulfate on 9Fe Ferrous Citrate Absorption

In Rats After Intragastric Administration of the Isotope

Percentage of #Fe** absorbed

No. of No. of
experi- experi-

Form of administration ments Controls ments With atropine P
#Fe ferrous citrate 15 42.42 + 5,85 11 10.77 = 3.20 <0.001
5Fe ferrous citrate mixed
with gastric juice and
incubated 6 15.25 + 1.52 ] 7.28 % 1.61 <0.001

P < 0.001 P> 0.10

Numbers are means =+ SE.

Table 3. 59Fe Ferrous Citrate Absorption in Rats After Intraduodenal Administration

Parcentage of ¥Fet+ absorbed

No. of No. of
experi- experi-
Form of administration ment Controls ment With atropine P
%Fe ferrous citrate mixed
with gastric juice 6 17.41 £ 1.75 6 14,61 + 2.62 >0.90
$Fe ferrous cltrate mixed
with neutralized gastric
juice 8 14.84 +2.94 P> 0.90
#Fe ferrous cltrate mixed
with deproteinized
gastric juice 5 §.04 £ 2.39 P < 0.005
$Fe ferrous citrate mixed
with 0.10 N HCI 7 11.48  2.63 P < 0.05

Numbers are means + SE.

The differences (P) of the last three forms of adminlstration are compared with those of the first.
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As fron absorption varies according to
the form in which the metal is ingested,
and according to the composition ol the
diet (25), and since food iron is poorly
absorbed in comparison to ferrous salis
(27, 28), observations related to one form ol
iron cannot be applied to another (26). In
our experiments, we used the ferrous form
of ivon. Ferrous salts wre more easily ion-
ized and more available to absorption than
are the ferric forms (31). The citrate salt we
used might also improve absorption, as
citrate forms complexes with iron that keep
it in solution even in neutral and weak
alkaline solutious (29, 30). Nevertheless, if
a defect is shown with a very small dose of
a well absorbed formi of iron, the delect is
likely to pevsist with a high intake of a less
soluble or absorbable form, although the
magnitude of the defect may be different
(6).

Our results do not permit us to deter-
mine the exact mechanism of this acton of
anticholinergics, but they point to a gastric
elfect independent ol the one on acid secre-
tion. It has been postulated that there is an
active compound in gastric juice which
forms complexes with inorganic iron to
render it available to the intestinal epithe-
lial cells (8, 10, 84). The secrction of thiy
compound could he controlled by a
cholinergic mechanism and might diminish
in gastric juice alter administration of atro-
pine. The existence of this active com-
pound is compatible with the deercased
absorption observed in our experiments
when 69Fet++, mixed with deproteinized
gastric juice, or in 0.10 N hydrochloric acid
wits given intraduodenally. The same ex-
planation could account for the lact that
radioiron mixed with gastric juice and
then neutralized is as well absorbed when
given intraduodenally as when given mixed
with normal acid gastric juice. All these
experiments could be explained by a pro-

Digestive Diseases, Vol. 16, No. 9 (September 1971)

tein or peptide binder necessary for iron
absorption. This binder is not present in
artificinl hydrochloric acid and disappears
after protein precipitation. On the other
hand, when iron is added to gastric juice,
wnd the mixture is then neutralized, iron
would be kept in solution by the complex.

Tt is still diflicult to explain why atropine
procluces a deerease in radioiron absorp-
tion whew the isotope is given intragas-
trically mixed with normal gastric juice. In
this respeer, it is of interest that we also
observed a striking decrease in #Te++
absorption without atropine. This decrease
occurred when the isotope was given in-
tragastrically alter heing mixed with gastric
juice collected during a $-hour period
when the pylorus was ligated, and was then
forther incubated for 1 hour, This could be
due to a change in the nature of gastric
contents. Duthie et al (7) showed that pro-
longed incubation of radioiron with intes-
tinal fluid changed its behavior and made
iron no longer suitable Tor absorption. In
the stomach, something of this kind could
also happen. This could be due either to
changes in an iron-binder necessary for
optimal absorption, or to a reaction be-
tween the iron and a factor secrcted or
produced by digestion that limits its ab-
sorption,  Anticholinergic  drugs increase
gastric emplying time. Tn the rats receiving
8Fer -+ intragastrically mixed with nor-
mal gastric juice, atropine conld result in a
more prolonged action of pepsin and acid
on components of gastric secretion, This
could result either in the disappearance of
a substance necessary for iron absorption,
or in the appearance of another that inter-
feres with absorplion.

11 the delect in ferrous citrate ahsorption
iinduced by anticholinergic drugs is extend-
cd to other forus of dietary iron, it could
explain the hematologic alterations that
sometimes are seen after vagotomy (21, 22),
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It could also be of importance in patients
who receive such drugs for very long peri-
ods, especially in the case of patients with
peptic ulcer who have experienced recent
bleeding and anemia.

10.

11,

12,
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A Huge Gastric Diverticulum Murray H. Seltzer and Andrew W. Koch
Gastric Perforation ni Polyarteritis Nodosa: Report of a Patient
George D. Gowgoutis, Allredo A. Paguirigan and Talivaldis Bexzins
Brief Comumunication:
Brown Serum in Tropical Sprue
Simon V. Weiner, Leslie I1. Bernstein and Siduey Guistein
. .

Comparaiive Gastroenterology:

The Ultrastructure of Beta-Cell Islet Tumor in a Dog . . . The Action of Activaied
Charcoal on Poisons in the Digestive Tract . . . Some Effecis of Portacaval Anastomosis
in the Male Rat . . . Application of Preventive Health Measnres to Curtail Chim-
panzee-Associated Infetcious Hepatitis in Handlers . . . In Vitro Transformation of
Hamster Cells by Infections Canine Hepatitis Virus . . . Ulcerative Colitis in Rabbits
Ted Degraded Carrageenan

Book Reviews
Program;
Digestive Disease Week, May 9-15, 1971

MARCH

Effect of Gastric Vagal Denervation on Inhibition of Acid Secretion by Secretin
A. Marvin Brooks, Frank Stening and Morton I, Grossman
Commentary Leonard R. Jolhinsen
Lactose Tolerance in an Arab Population
Tuvia Gilat, Enny Gelman Mzlachi and S. B. Shochct
Gastvic Emplying After Vagotomy and Pyloroplasty: Relation to Some Postoperative

Sequelae J. 8. Cobb, Simmy Bank, I. N. Marks and J, H. Louw
The Effect of Partial Pyloric Obstrction on Gastric Secretion and Stomach Size in the
Rat Michael D, Kaye

Cirthosis and Diabetes, II. Association of Impaiverdd Glucose Tolerance with Portal-
Systemic Shunting in Laennec's Girvhosis
Harold O. Conn, William Schreiber and Stephen G. Elkington
Lahoratory Criteria for the Diagnosis of Tropical Spruc iu Puerto Rico
Rafael Santini, Enrique Horta, Sara Milldn, Jean Fradera and Norman Maldonado
Rat Small Intestine: Developmcent, Composition and Effects of Perfusion

) Duane L. Miller
Flepatic Metabolista and Transport in Thiamine Deficieney

Steven Schenker, Dorothy Chen, Vincent Speeg, Jr,

Charles O, Walker and David W, McCandless
Case Reports:

Teratoid Cyst of the Cecum
Bleeding from the Right Colon Associated with Aortic Stenosis
Eugene G. Boss, Jr and Jerald M. Rosenbaum

Saul Kay

Methods and Technies:

A Method for Experimental, Penetrating Gastric and Duodenal Ulcers in Rats: Ohserva-
tions on Normal Healing Susumu QOkabe, James L. A. Roth and Carl |, Pfeiffer

Book Review

Program:

Digestive Discase Week, May 9-15, 1971
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APRIL

Chronic Ulccrative Colitis Beginning  niChildren and Tecnagers: A Review of 43

Patients Marcel Patterson. Leo Castiglioni and Lloyd Sampson
Absorption of Glucose and Galactose from the Small Intestine of Hypophysectomized
Rats Eli Havivi and Rnven Levitan

Esophageal Strictures and Lower Esophagus Lined with Columnar Epithelium: Func-
tional aud Morphologic Studies
P. Heitmann, A, Csendes and T, Strauszer
Experimental Management by Noneperative Adrencrgic Stimulation of Simulated
Common Dnct Stones Herbert Dardik, Thomas Bencventano,
Richard Rosen, Marvin L. Glicdman and Clavence J. Schein
Azathioprine Treatment of Ulcerative Colitis, Granulomatous Colitis and Regional
Enteritis James T. Patterson, Richard A, Norton and Robert S, Schwartz
Case Reports:
Nodular Symmetrical Lipomatosis and Cirrhosis of the Liver
Ricliard T. Heller, 1ltifat A, Alavi and George Dunca
Granulomatous Bowel Disease Presenting as a Bladder Tumor
Michael J. Goldstein, David Bragg and Paul Sherlock
Unusual Type of Hypochromic Anemia Complicating Billroth II Type Gastrectomy
Farid 1. Haurvani and C. Wilmer Wirts
Hepatoma Developing in Hemochromatosis in Spite of Adequate Treatment by Multiple

Phlchotomies Chesley Hines, Jr, William D. Davis, Jr and William A. Ferrante
Editorial:
Gastrointestinal Reactions to Drugs John A. Benson, Jr

Clinical Seminar:
Ascites and Renal Failure in Liver Discascs: Principles of Management
Keith 8. Heuley
Comparalive Gastroenierology:
Workshop on Comparative Gastroenterology Charles E. Cornclius
Book Review
Program:
Digestive Discasc Week, May 9-15, 1971

MAY

LEffcct of Atropine on Pancreatic Responses to Endogenous and Exogenous Scerctin
Stanislaw J. Konturck, Janina Tasler and Wojcicch Obtulowicz

Six-Four Food and Barinm Retention Test
Stephen J. Stempien, Richard J. Tester and Angelo E. Dagradi

Pepsin Qutput from the Damaged Canine Heidenhain Pouch
Leonard R. Johnson

Effect of Metoclopramide on Gastrointestinal Motility in Man: A Manomctric Study
Martin Eisner
Clinical and Radiologic Improvement of Regional Enteritis and Enterocolitis After
Treatment with Salicylazosullapyridine Iranz Goldstein and Morton G. Murdock
Ethnic Differences in Occurrence of Rectal Polyposis in Over 6000 Proctoscopics
Ralph D, Eichhorn, Philip S. Bentlif and John R. Kelsey
Progress Repord:
Hepatic Lipid Sccretion and Cholelithiasis
Roger D. Soloway, Johinson L. Thistle and Leslie J. Schoenficld
Case Reporls:
Urban Leptospirosis Presenting as Afehrile Jaundice
John T. Whitmore, Jumes J. Cerda and Richard G. Offutt
Malabsorption in Systemic Lupus Erythematosus
Pauline Bazinct and Geobel A, Marin
Propoxyphenc (Darvon) Hepatotoxicity Necil C. Kleiu and Melville G. Magida
Comment Murray Davidson
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Comparative Gastroenterology: o ‘ =
Hepatotoxicity of Tolbutamide in Dogs . . . Eflcct of Endotoxin on the Ullrnsirm'n‘nvtv
of Liver and Blood Cells of Hamsters . . . Protein Synthesis in Acute p;lll('l'(':.ll.lilv«‘\
. . . Comparative Biochemistry of Proleases from a ch!cglcrulu Ca Numhx:mll I.)u!lul-'
ences in the Induction of Flepatic Ammo!cvulmu: Acid hyﬂulhclﬂsu e .Sopu' _I*.ﬁ(:(ilh
of Escherichia coli Enterotoxin on Net Fluid, Glucose and Electrolyte "Tvansler in calr
Small Intestine . . ., Hepatic Trausport of Mono- and Bisquaternary  Amnmonivm

Compounds 1 v ;
Book Reviews S
JUNE
Natural History of Alcoholic Hepatitis: 1. The Acnle Disease
Mmk W. Lischner, James F. Alexander and John T, Galambos ARl
Comparative Anatomy of Felive and Ganine Gastric Sling Fibers: Analogy to Tlanum ]
Anatomy Gerald W, Friedland, Shoichi Kolusu and Klaus Lewin 495
Delayed Hypersensitivity in Alcoholic Cirrhosis )
Bernard ‘Straus, Magdalena R, Berenyi, Ji-Ming Huang and Fngene Straus hon
Reduction of Portal Hypertension by Ganglionic Blockade .
Jolm Cincotti and Richavd Toemer )
The Ultrasonic Scan in the Management of Amebic Fepalic Abscess L
Lee S. Monroe, George R, Leopold, Janies W. Brown and Joha L. Smith it
Case Reporls:
Gastric Bezoar in a Patient with Myotonic Dystropliy: A Review of the Gasirointesiinal
Complications of Myotonic Dystrophy Donald 1T, Ruiper LBy

Herpes Zoster and Chronoc Active Hepalitis o
Arthur T. Rosenfield, Donald R. Schermer, J. Michacl Gospe and Rabert A, ITurfley R
Symposium.;
Second International Symposinm on Gastrointestinal Modility: Par| |
Guest Editors: Alastuir M. Copunell and X, Clinton Texter, Jv Bl
Comparative Gastroenlerology:
The Secretion of Pancrealic Juice in Response to Stimulation ol the Vigus Nerves in
the Pig . .. Selection Regulation of Amine Acid Transport by the Intestine of Goldfish®
(Carassius Auratus L) .. . Copper in Hepatocyte Lysosomes of the Tond . . . Pylovie
Stenosis in Three Cats and I8 Correction by Pylovoplasty . . . Trematic Bilesdne
Rupture in Dogs and Its Surgical Treatment . . . Histopathology of Melmotic Sheep

Liver. 2. Enzymic Histochemistry ]
Letlers lo the Editor:
Attende Accuralam Relationem I, 1., Buavke B
Honi Soit Qui Mal y Pense Jo Lo Stoller 54
Book Review Hin
JULY

Mechanism of Pyrosis: A Clinical Study
I. Rudolph, A, T. Hevrera, G, N. Stein and J. L. A, Roth L{Y¥]
Morphologic and Histochemical Demonstration of Protein in Gastric Surface Lpithelinm

in Protein-Losing Gastropathies Robert Lev and Trenw Bras B
Symposium:
Secoud International Symposium an Gastrointestingl Motility: Part 2
Guest Editors: Alastaiv M. Counell and E. Clinton "Vexter, Jr nuy

Case Reports:
Intestiqal Malabsorption in Macroglobulinemia

Simén Beker G, Pedro J. Grases, Fernando Merino, Tulio Arends and José¢ Guevara (M
Effects of Anticholinergic Drugs on Zollinger-Ellison Syndrome

. A. B, Vaidya, B. Ashman, R, K, Goyal, §, M. Levine and T, Hersh G/
Clinical Seminayr;

Protein-Losing Gastroenteropathies Arthur B, French Git



Letiers to the Edilor:

Weight-Corrected Peak Acid Output ]. H. Bavon

In Reply to Dr. Baron

Alden H. Blaekman, Walter R, Thayer, Jr and Horace I, Martin

Comparative Gastroenterology: }

The Elfects of Iron Deficicncy on the HMepatocyte: A Biochemical and Ultrastructural
Study . . . Effects of Increased Liver Metabolism of Nicotine on Its Uptake, Elimina-
tion and Toxicity in Mice . . . Effect of the Enterohepatic Cirvenlation of Bile Salts
on the Flow of Bile and Its Content of Bile Salts and Lipids in Sheep . . . Polychlo-
rinated Biphenyl: Interaction with Duck Fepatitis Viras . . . Increased Bilirubin Pro-
duction From Sources Other Than Circulating Erythrocytes in Mutaut Southdown
Sheep

AUGUST

Inflammatory Bowel Disease: Cytophilic Antibody and the Cytotoxicity of Lymphocyles
for Colonic Cells in Vitro

R, G. Shorter, K. A, TTuizenga, R. J. Spencer, J. Aas and 8. K. Guy

Commentary David W. Watson

Symposium:
Second International Symposium on Gastrointestinal Motility: Part 3
Guest Lditors: Alastair M, Connell and E, Clinton Texter, Jr
Case Reporl:
Nodular Lymphoid Hyperplasia of the Small Intestine and Colon with Giardiasis: A
Case with Borderline Serum IgA Levels
Andrew M. Milano, Lewis R, Lawrence and Lawrence Horowitz
Methods and Technics:
A pH-Measnring Radio Capsule for the Alimentary Canal
H. J. Kunz, T. I&, Norby and C, 1. Rogers
Progress Repori:
The Nature of the Intestinal Epithelial Barvier Charles S, Tidball

SEPTEMBER

Enzyme Cytochemistry of the Abraded Gastric Surface Epithelitum: an Aid in the Diag-
nosis of Early Atrophic Gastritis and Focal Intestinal Metaplasia
Olival Leitao and George B Jevzy Glass
Acid Responses to Histamine, Pentagastrin and ITuman Gastvin T in Conscions Cals
with Gastric Fistnlas and Tleidenhain Ponches
Sven-Qlol Svensson, Tvar Borg and Sverre Fmis
Effect of Anticholinergic Agents on the Intestinal Absorption of “Fe Ferrous Citrate
Tlector Orrego-Matte, Oscar Fernandez ad Ismael Mena
Bile-Rich Duodenal Fluid as an Indicator of Biliary Lipid Composition and Tts Applici-
bility to Detection of Lithogenic Bile
7. R. Vlaheevie, G G Bell, Jr, Po Juttijudata and Leon Swell
Acute Massive Flepatic Necrosis with Fatal Liver Failure
Charles M. Caravati and ‘Timothy TI. Tooker
Lectose Intolerance in Ganadian West Coast Indians
Joseph Leichter and Melvin Tee
Neoplasms of the Small Intestine
Alan Cohen, Donald McNeill, Jose J. 'T'erz and Walter Lawrence, Jr
Observations on Hepalic Histology and Function in Alcoholic Dogs
William Y. Chey, S. Kosay, Merman Siplet and Stanley [l Lorber
Elfect of Physiologic Concentration of Lactose on Prevention ol Postweaning Decline of
Intestinal Lactase
Amnach Srivatanaban, Lewis A, Symynkywicz and Walter R, ‘Thayer, Jr
Lactose Iutolerance in ljcwish Patients with Ulcerative Colitis
Rakesh Tandon, Harvey Mandell, Howard M. Spiro and Walter R, Thayer, Jr
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Case Reporis:
Hepatitis Induced by Methyldapa (Aldomet)
John E. Tysell, Jr and C. Michael Knauer
Hepatocellular Carcinoma, Positive Australia (Hepatitis-Associated) Antigen and Sar-
coidosis Ralph M. Myerson, Ali Soroush and Thilip V. Skerrett
Comparative Gastroenterology:
Protein Nitrogen, Amino Acid and Carbohydrate Gradients in Rat Intestine . . . Liver
Pathology in African Swine Fever . . . Cholelithiasis in Rabbits: Influence of Dictary
Roughage on Gallstone Formation , . . Isolation of a TFeline Picornavirus from

Cheetahs with Conjunctivitis and Glessitis . . . Cholelithiasis in Rabbits: Effects of
Ced Liver Oil on Dissolution of Galistones

OCTOBER

Inhibition of Pentagtstrin-Stimulated Gastric Secretion by Duodenal Acidification or
Administration of Fat in Normal Subjects and in Patients with Duodenal Ulcer
Wieslaw Bochenek, John B. Rodgers, Jr and John A. Balint
Green Jaundice: A Study of Serum Biliverdin, Mesobiliverdin and Other Green Pigments
Albert ]J. Greenberg, Irene Bossenmaier and Samuel Schwartz
Intestinal Lactase Deficiency in an Apparently Normal Pernvizn Population
Rolando B. Figueroa, Ernesto Melgar, Nancy Jé and Orlando L. Garcia
In Vitro Intestinal Exchanges of Na*, K+, Cl~, $H,0 in Experimental Bovine Neonatal
Enteritis Elmer H. Whitten and Robert W. Phillips
Tritiated Digoxin XVI: Gastric Absorption
William H. Hall and James E. Doherty
Lactase Deficiency in Nigerians D. A, Olatunbosun and B. Kwaku Adadevoh
Methods and Technics:

An Oxygenation-Perfusion Method for In Vitro Transport Studies on the Intestines of

Large Mammals Elmer H. Whitten and Robert W. Phillips
Progress Report:
Histamine and the Parietal Cell N. G. Waton

Acute Mycloid Leukemia in a Girl with Celiac Disease
8. P. Gupte, A. Perkash, G. M. Mahajan, P. K. Aggarwal and P. R. Gupta
Sarcoidosis of the Esophagus Paul J. Wicsner, Martin §. Kleinman,
John J. Condemi, Seith A, Resnicoff and Seymour I. Schwartz
Case Reporis:
Small-Bowel Voiculus, Masabsorption and Mucosal Diaphragm of the Pylorus
Ghislain Devroede and René Beaudry
Comparative Gastroenterology:
Isolation of Rat Liver Plasma Membranes . . . Changes in Liver Lysosomes and Cell
Lzsosomcs and Cell Junctions Close to an Invasive Tumor . . . Morphometric Analysis
of the Rat Liver Cell in the Perinatal Period . . . Multinucleate Giant Cells in Livers

of Marmosets Given Aflatoxin B, . .. Clinical Evaluation of Bovine Pancreolithiasis:
An Lssay

NOVEMBER

Deletion of Epithelial ABH Isoantigens in Primary Gastric Neoplasms and in Metastatic
Cancer Daniel G, Sheahan, Stanisiav A. Horowitz and Norman Zamhceck
Chelecystokinin Cholecystogram in the Diagnosis of the Cystic Duct Syndrome
Vinicio P. Conte, Henriqgue W, Pinotti, Thales de Brito and J. F. Pontes
Cholestasis in Patients with Amoebic Liver Abscess
D, V. Datta and P. N. Chhuttani
Effects of Route of Administration on the Production of Gastric Hemorrhage in the
Rat by Aspitin David A. Brodie and Kay F. Hooke
Transmural Potential Difference (FD) in the Body of the Esophagus in Patients with
Esophagitis, Barrett’s Epithclinm and Carcinoma of the Esophagus
Eva I Vidins, Jo Ann E. Fox and Ivan T. Beck
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Salmonclla Enteritis. I. Rale of Reduced Gastric Sceretion in Pathogenesis
Ralph A. Giannclla, Selwyn A. Broitman and Norman Zamcheck
Salmonella Enteritis, 11, Fulminant Diarrhea in and Effects on the Small Intestine
Ralph A. Giannella, Sclwyn A. Broitman and Norman Zamcheck
Case Reporis:
Hepalitis, Arthritis and Lupus Cell Phenomena Caused by Methyldopa
Michacl Eliastam and A. W. Holmes
Carcinoma Arising in a Choledochal Cyst
Burton B. Weber, Francisco J. Soler, Robert G. Font
Syncope Induced by Dysphagla. Correction by Esophageal Dilation
Keith G. Tolman and W. Dean Ashworth

Progress Repaort:

Hirschsprung's Discase Theodor Ehrenpresis

Comparative Gaslroenlerology:

Resumes: Studics of Hepatic Lesions of Experimental Protein-Calorie Malnutrition in
Rats and Immediate Effects of Refeeding an Adequate Protein Diet . . . Acute Bloat
Syndrowne in Stumplailed Macaques (Macaca Artoides) : A Report of Four Cases . . .
A Subacute Exposure of Beagle Dogs to Aflatoxin . . . Microscopic and Euzyme
Histochemical Studies on the Liver and Kidncy of Rats Treated with Fulvine, the
Toxic Alkaloidal Constituent of Crotolaria Fulva . . . The Effect of Bile Pigments
ou the Exeretion of ¥C-Trimophonium Glucuronide

DECEMBER

Effects ol Elhanol on the Cell Proliferation Kinctics in the Fundic Mucosa of Dogs
G. Willems, Y. Vansteenkiste and P. H. Smets

Liffects of Pentagastrin Stimulation on Human Parieta! Cells, An Electron Microscopic
Sty with Quantitative Evaluation of Cytoplasmic Structures:

J. I'rexinos, M. Carballido, A, Louis and A. Ribet

Studics into Finman ITF Secretion J. J. Twomey, A. H. Laughter and P. H. Jordan

Obscrver Trror and Sampling Variability Tested in Evaluation of Hepatitis and Cir-

rhosis by Liver Biopsy

R. D. 86loway, A. H. Daggenstoss, L. J. Schoenfield and W, H, J. Summerskill

Effcet of Vagotomy and Pyloroplasty on Pancreatic Dose-Response Curves to Secretin

in Man A. J. Konturek, T. Popicla and P. Thor

Reliel of Anxicety and Related Emotions in Patieuts with Gastrointestinal Disorders
Emmanucl Deutsch
Effect of Hepatic and Celiae Vagal Stimulation on. Common Bile-Duct Pressure
David Hopten and Thomas T. While

Intestinal Alkaline Phosphatase in Patients with Liver Disease
M. Barakat, M. N. Grubb, Raj K. Goyal and T. Hersh

Analysis of the Propulsive Movernents of the Small Intestine. Cineradiographic and
Experimental Stdies H. Lenz, A. Blomer and A. Dux

Hepatic Degeneration wind Dysfunction in Reye’s Syndrome

R. E. Brown and G. E. Madge
Lactose Tolerance in o Jewish Population Josepht Leichter
Case Reporl:
Whipple's Discase. Characterization of Anaerobic Corynebacteria and Demonstration of

Bucilli in Vascular Endothelium
N. J. Greenberger, C. J. DeLor, J. Fisher, R. L. Perkins, T. Murad and F. Kapral

Methods and Technics:

Esophageal Stricture Dilation. A New Method Adapted to the Fiberoptic Esophagoscope
J. O. Lilly and T. D. McCaffery

Boaok Review
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