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cell types to the labeled population.

Age, sex, and hormonal state are some of
the factors that influence the numbers of
anterior pituitary nuclei in DNA synthesis.
Female rats had higher labeling indices than
males and young females showed more fire-
quent pituitary labels than adult females with
their growth phase completed. Cortisone
treatment of adult males produced a 6-fold
depression in the labeling index of the an-
terior pituitary. Previous studies with corti-
sone or hydrocortisone have shown a similar
reduction in the numbers of DNA-synthesiz-
ing nuclei in a variety of tissues including
the zona fasciculata of the adrenal, articular
and growth-plate cartilate(6) and various
cells of the cardiovascular-renal system(2).
An exception is the pancreas, for when ste-
roid diabetes is produced the islet tissue
increases in bulk and thymidine labeled
nuclei in islet cells become more numerous(1).

DOC has no comparable effect on pitui-
tary labeling but when it is combined with
an increased dietary load of sodium chloride
in unilaterally nephrectomized rats and hy-
pertension is produced there is a significant
increase in the pituitary labeling index. This
is coupled with an increase in the numbers
of DNA-synthesizing nuclei in the hyper-
tensive damage that occurs in the heart,
arteries, and kidneys of such rats(2). It is
not clear that this alteration in pituitary cell
turnover represents a response to the in-
creased blood pressure, for when a severe
degree of hypertension was established by
the adrenal regeneration procedure of Skel-
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ton(5) the general level of pituitary labeling
is decreased as compared with control ani-
mals. A comparison of the effect of hyper-
tension in these circumstances is not neces-
sarily valid since the age and sex of the 2
groups of hypertensive rats differed, and
these factors and the stage of the oestrus
cycle seem to have important effects on the
magnitude of cell turnover in the anterior
pituitary.

Summary. The numbers of nuclei in the
DNA synthetic phase of the nuclear cycle
were estimated in the rat anterior pituitary
by 3H-thymidine autoradiography. Age, sex,
and hormonal state produced significant shifts
in the labeling frequency. Radioactive nuclei
were more numerous in young females and
less frequent in adult males. The low labeling
frequency in adult male rat pituitary was
further depressed by cortisone administration.
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Effect of Alternating Acid and Alkaline Digestive Fluids on

the Gastrointestinal Tract of the Rat.*

(30128)

T. Arar aNp H. NEcCHELEs (Assisted by Peter Lott, Jr.)
Department of Gastroenterology, Medical Research Institute, Michael Reese Hospital and
Medical Center, Chicago, Ill.

The formation of gastric and duodenal
ulcer in man is usually attributed to effects
of acid-pepsin on susceptible areas. A few
authors have suggested that tryptic origin of
ulcer may be possible(1-3). In earlier experi-

ments one of us has found that a frog’s leg
exposed for a short period of time to acid or
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acid-pepsin was not digested; however, when
this was followed by exposure to alkaline
trypsin solution, digestion occurred(4-6). We
have considered therefore the possibility that
in the duodenal bulb alternation between
alkaline pancreatic and acid gastric juice
may play a role in the production or chron-
icity of duodenal ulcer.

Methods. A total of 77 adult albino rats
of the Holtzman strain, 43 male and 34
female, with body weights between 178 to
400 g and an average weight of 276 g, were
fasted for 48 hours, with water available.
They were anesthetized with 0.06 to 0.08
ml of 6% nembutal solution per 100 g of
body weight given intraperitoneally. To keep
the airways open, a small catheter was placed
and secured in the upper trachea. The pyloric
sphincter was kept open by insertion of a
short piece of polyethylene tube and tied
in place, avoiding ligation of blood vessels.

In most experiments the esophagus was
cannulated and perfused fluid traversed the
entire gastrointestinal tract, leaving through
a tube in the terminal ileum. In other experi-
ments, the upper esophagus was cannulated
and the fluid traversed esophagus, stomach
and duodenum. In a smaller group of ex-
periments, the upper duodenum was intu-
bated and the fluid traversed the entire small
intestine, leaving at the lower ileum. In all
experiments, the common bile duct was can-
nulated at the duodenum and emptied to the
outside; consequently, bile and pancreatic
secretions were eliminated. Fluids were per-
fused at constant rates of 0.8 ml per minute
at 38°C. The fluids were HCl, pH 1.4, and
NaHCO;, pH 8, without or with pepsin
Armour 0.5%, or pancreatin Wilson 1% re-
spectively. When solutions alternated every
15 minutes, the perfused segments were
washed out with 5 ml of 0.9% saline solution.
Immediately after termination of each experi-
ment, the entire gastrointestinal tract was
opened, washed carefully with saline and
examined under a binocular microscope.

Pepsin Armour, 0.2 mg, incubated for 10
minutes at 37°C with Anson’s hemoglobin
method yielded 0.4576 mg of Tyrosin. Tryp-
sin in Pancreatin Wilson, assayed by a simi-
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TABLE I. Grades of Lesions in Gastrointestinal

Tract.
Grade State of gastrointestinal wall
0 Normal.
1 Edematous and/or hyperemic mucosa.
2 White-cloudy and necrotic mucosa, usually

with scattered small bleeding points.

3 Erosion of epithelium and uleeration into
submucosa.

4 Digestion into muscular layers, transpar-
ency of entire wall, serosal vessels seen
clearly from mucosal side.

lar method, yielded 0.4272 mg of Tyrosine
per 0.2 mg of Pancreatin.

Gradations of lesions in the gastrointesti-
nal.tract are presented in Table I. Data on
animals that died during an experiment are
excluded. Likewise, changes in the intestine
within 1 cm from ligatures are not included,
because circulation in this area suffered and
lesions were due to this interference and not
to the perfusion.

In 13 experiments, changes in blood pH
were measured every 15 minutes during per-
fusion of acid pepsin and/or alkaline pan-
creatin for 90 minutes with a micro pH
meter (Astrup). To 6 of these animals 2 X 5
ml of 0.5%, 2%, or 4% NaHCO; solution
was administered intraperitoneally during
perfusion, in order to counteract acidosis due
to acid perfusion.

Results. Table II. Our results with per-
fusion from esophagus to terminal ileum for
90 minutes with alkali-pancreatin (Group 1)
demonstrated very little damage to the mu-
cosa, grade 0-1. On the other hand, in Group
2 perfusion with acid-pepsin for 90 minutes
produced more serious damage, grade 1-2.
In Group 3, where acid-pepsin and alkaline
pancreatin of the same  concentration as in
Groups 1 and 2 alternated every 15 minutes
for 90 minutes, severe damage of grade 3 to
4 occurred in the duodenum, jejunum, and
ileum. It is significant that in Group 3 acid-
pepsin acted only for a total of 45 minutes.
Alternating perfusion with acid and bicar-
bonate (Group 4) or with HCL-pepsin and
alkali (Group 5) or with HCL and alkali
pancreatin (Group 6) produced some dam-
age but not as severe as in Group 3.



171

Trypric ULCER

‘ut (g ‘ounry worsngyiad 1e303 o8¢ ‘duray {urm/[wr g0 ‘098I WOISNIISJ

4 (8)-3 3 I 1-(0) 1-(0) 28610y
€3 1
(8)-2 ¥ (g)—=3 1 1 3 1 4 uyyeaxoued resre puwe [DH
3 9 3 1 3 ¢ 1 9 -0 12 1-0 e 9 ,CT Suryeusey ‘9
3—(1) (8)-3 3 1 (1)-0 1-(0) aderoAy
€3 1
()3 1
3 1
(1) 1 £-3 1
(@)1 1 (2)-3 ¥ €2 3 -0 ¥ 1 3 *0pH®eN pue umsded proy
1 L 3 T 3 ¥ 1 9 0 3 -0 ¥ 9 ,GT Sungewisyy °g
(3)-1 3 d 1 (1)-0 1-(0) ae10AY
£-3 I (8)-3 1
31 1 (8)-2 4 3 ¢
(@)-1 4 3 I (1) 1 @)-1 1 -0 ¥ T e *ODH®EN Pue [DH
1 g 31 I bl | 1 1 g 0 3 1-0 ¥ 9 (ST Sunyeussy |y
£-(3) ¢ g 31 1-(0) T ageroAy
—(g) 1
3¢ 1 2 3 7-¢ S
(#)-¢ 4 () 9 (#)-¢ 1 g 1
4 S s 9 € 8 €3 I 3 1 3 ¥
e-(3) 1 (¥)-¢ e e-(3) 3 3 e 31 1 31 1
-3 9 g g €3 € | € 1 9 (@)1 t uyeaId
(2)-3 1 -5 1 (8)-2 1 (3)-1 d -0 01 1 8 -ued 1reyre pue uwdad proy
3 3 (1) 1 3 I 1 6 0 9 1-0 S 13 ST Sunewny ‘¢
1 3 3 31 (3)-1 3)-1 08eI10Ay
3 I -1 1 -1 b
-1 8 (g)-3 € (¢)-3 T 3-1 9 (8)-1 ¢ (@)-1 1
(1) 1 ] 9 3 8 3)-1 3 1 g 1 9 6 usded POV ‘g
1-(0) 1 1—(0) 1 10 1-0 o8vI0AY
-(0) 1
1 3 -0 3 1 3
1-(0) 3 1 € 1 ¥ (1)-o0 1 -0 3
-0 I 1 c 1-0 3 -0 I 0 1 0 1 c urgeatoued ouE(Iy T
mgwmm: mc ma.&h mﬁommoﬂ MO 8Bl Wiomma— wo 8381 wﬂo.mmw~ .«o sjBl mﬁo.mgﬁ Mo 8jel wﬂommmﬁ Jo 8381 s}Bl Jo m.whd@moohnm pue .o.Zc. .mﬂo.mw
m@@dhw wo ‘ON sopery jJo .oz m@.@dhw .w_,o .oz SopeIY mo .oz mo@ﬁhw wo .OZ sopeIy) Jjo .OZ .OZ Te3101,
wnarxY wnunfop wnuapon(g [oBWOIS JIB[NPUB[Y)  [OBWOIS0IJ sneydosyy

*syey ur wnd[T lamoJ o} sndeydosyg 1odd) wosy uwolsnyred Fo symsey ‘II AIAVL



172 Trypric ULCER

In Group 2, much hemorrhage, often dif-
fuse, particularly in the mucosa of duodenum,
jejunum and ileum was seen. Group 1 had
no hemorrhage, while Groups 3-5 had pin-
point hemorrhages, most in duodenum and
jejunum.

Table III. Alternating perfusion from eso-
phagus to duodenum for 90 minutes showed
relatively little damage in esophagus and
stomach, but severe damage in duodenum.
Alternating perfusion from duodenum to
ileum for 90 minutes was followed by severe
damage to all segments, often with pinpoint
hemorrhages. These results were similar to
those in Group 3 in Table II.

Fig. 1. The solutions used, mainly the acid
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FIG. 1. Effect of perfusions on blood pH of
rats, 90 min perfusion from esophagus to terminal
ileum, infusion rate 0.8 ml/min, temp 38°C. Group
1. Perfusion with alkaline pancreatin solution
(white bar). Group 2. Perfusion with acid pepsin
(hatched bar). Group 3. Perfusion with alkaline
pancreatin and acid pepsin solution, alternating
every 15 min.

FIG. 2. Effect on blood pH of i.p. injection of
2 X 5 ml of 4% NaHCO; during perfusion from
esophagus to terminal ileum with acid pepsin and
alkaline pancreatin for 90 min, alternating every
15 min. Infusion rate 0.8 ml/min at 38°C,
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o
TABLE III. Alternating Perfusion with Acid Pepsin and Alkaline Pancreatin from Esophagus to Duodenum and from Duodenum to Terminal Ileum

Acid pepsin and to duodenum

Alternating 15’
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2
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(0)-1

3

Avg
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to ileum
Perfusion rate, 0.8 ml/min; temp, 38°C; total perfusion time, 90 min.
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ones, affected blood pH. In Group 1, per-
fused with alkaline enzyme fluid, a slight
acidosis was seen. In Group 2 with acid-
pepsin and in Group 3 with alternating acid
and alkali enzyme perfusion, a considerable
degree of acidosis occurred.

Fig. 2. In order to check whether acidosis
might contribute to development of lesions
produced by alternating acid-alkali enzyme
perfusion, the animals received i.p. injections
of sodium bicarbonate which kept blood pH
at or near control levels. Ten ml of a 4%
solution of sodium bicarbonate was found
more adequate for this purpose than 10 ml
of 0.5 or 2% solutions. However, adjust-
ment of the pH during perfusion in rats with
alternating acid and alkaline enzyme solu-
tions did not change the deleterious effects
when compared with rats with acidosis (Ta-
ble I).

Discussion and conclusions. Alternating
15-minute perfusion of duodenum and jeju-
num with acid-pepsin for a total of 45 min-
utes and with alkaline pancreatin solution
for 45 minutes had more marked effects than
perfusion with acid pepsin alone for 90 min-
utes. Surprisingly, esophagus and stomach
of the rat were more resistant to HCL-pepsin
perfusion than described in other animals
(6). Also, surprisingly, no ulcers were formed
in stomach, duodenum, jejunum and ileum,
but necrosis, mucosal digestion and hemor-
rhages were frequent. Changes of blood pH
did not seem to change the results of alter-
nating perfusion with acid-alkaline enzyme
solutions. Similar observations have been re-
ported on the bullfrog(7).

In 3 rabbits and in 1 cat, perfusion of the
gastrointestinal tract with alternating acid-
pepsin and alkaline pancreatin solutions for
60 to 120 minutes yielded results almost
similar to those described above in the rat;
in another cat, perfusion with acid-pepsin
solution for 120 minutes likewise produced
similar results as in the rat, except for hem-
orrhagic lesions in the lower esophagus.

We believe that our experiments demon-
strate that alternation between acid-pepsin
and alkaline pancreatin can produce more
damage to the small intestine of the rat than
acid-pepsin alone. This raises the question
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again whether such mechanism may play a
role in ulcer disease in man.

We believe that HCL-pepsin in some way
prepares supetficial layers of tissues and
thereby permits subsequent digestion by alka-
line trypsin. There is the possibility there-
fore, that alternation between gastric acid-
pepsin and alkaline pancreatic secretions in
the duodenum can contribute to the develop-
ment or the chronicity of duodenal ulcer.
However, other factors, such as inadequate
blood supply, focal weakness of the mucosa,
etc., must be present initially.

Summary. Previous experiments have dem-
onstrated that exposure of a frog’s leg alter-
nately to acid-pepsin and alkaline pancreatic
secretion produced rapid digestion of the leg.
It was suggested that in man the rapid inter-
change between acid pepsin and alkaline
trypsin solution in the duodenal bulb might
play a role in peptic ulcer. For this reason,
5 kinds of perfusion from esophagus to ileum
were conducted in rats. Alternating perfusion
with acid pepsin and alkaline pancreatin
(Group 3) had more marked effects in duo-
denum, jejunum, and ileum, than perfusion
with acid pepsin alone (Group 2), or other
perfusions (Group 1, 4, 5), for 90 minutes.
Similar results were observed on cats and
rabbits. The esophagus of the rat seemed to
be more resistant to such perfusions than
that of the cat. Changes of blood pH due to
alternating perfusion with acid-alkaline en-
zyme solutions did not seem to affect the
deleterious effects. While these results are
suggestive of a role of alternation between
gastric and pancreatic juice in ulcer disease,
no conclusions concerning development of
peptic ulcer can be drawn.
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Effect of 1-Methyl-2-Mercaptomidazole (Methimazole-Tapazole)
on Feed Consumption in the Rat.* (30129)

C. E. Henporica aAND C. W, TURNER?
Department of Dairy Husbandry, University of Missouri, Columbia

In the estimation of the thyroid hormone
secretion rate (TSR) in rats in our labora-
tory(1), a goitrogen, methimazole or tapa-
zole, has been used to block the recycling of
I*3! resulting from the metabolism of thy-
roidal-1*31, By blocking the uptake of I'3!
by the thyroid gland, the apparent release
rate of thyroidal-I'®! is increased and the
end-point at which thyroidal-I'3! is blocked
by increaseing levels of thyroxine (T,) is
more readily determined.

While the goitrogen, propylthiouracil, has
been shown to accelerate the rate of thyroi-
dal-1'31 release(2), methimazole was appar-
ently without extra thyroidal effects in the
rat(3).

The present study was initiated to deter-
mine the effect of methimazole on feed con-
sumption of the rat. If methimazole seri-
ously depressed consumption, it would con-
stitute an objection to its use, since decreased
feed consumption depresses TSR of rats(4).
In previous work, it has been shown that
thyroparathyroidectomy depressed food in-
take 13% in a period of 10 to 16 days(6).

Materials and methods. Eighteen female
Sprague-Dawley Rolfsmeyer rats with a
mean body weight of 215 g were placed in
metabolism cages constructed so as to pre-
vent feed loss and coprophagy. Temperature
was maintained at 78 =+ 1°F and artificial
illumination was provided during normal day-
light hours. Purina Lab Chow with an energy
value of 4.41 calories per g and 23.4% total
protein was provided daily and resulting resi-
dues were weighed back. Mean daily feed

* Contribution from Missouri Agricultural Exp.
Station Journal Series 2846. Approved by Director.

t Supported in part by grant from U. S. Atomic
Energy Commission Contract AT(11-1)-301-103.

consumption was determined for a period of
10 days, followed by the mean feed con-
sumption at 10-day intervals for 30 days un-
der the influence of methimazole.

For normal controls, a second group of 18
rats weighing 231 g were fed for 30 days.
Their mean daily feed consumption was de-
termined at 10-day intervals to compare with
the experimental group. The level of me-
thimazole which has been used to prevent
the recycling of I*! in TSR studies has been
400 pg/100 g bw/day by subcutaneous in-
jection. Prior to the 10-day control feeding
period, I'3! was injected into each rat to de-
termine normal uptake of I'3! by the thyroid
gland measured externally by a scintillation
detector. After 2 weeks, and again after 4
weeks of methimazole feeding I'®! was again
injected to determine the uptake of I3
Four days after methimazole was withdrawn
and again after 7 days, I'3! was injected to
determine the 9% uptake.

The mean pituitary and thyroid gland
weights of a control group of 10 rats was
compared with a group of 10 rats at the end
of the 30-day methimazole feeding experi-
ment and of a group of 8 rats 7 days after
methimazole withdrawal.

Results. The mean feed consumption of
the 18 normal control rats weighing 231 g
during the first 10-day period was 13.35 g/
day or 5.78 g/100 g bw/day. During the
second 10-day period these rats consumed
13.34 g/day or 5.63 g/100 g bw/day, a re-
duction of 3%. During the final 10-day pe-
riod feed consumption was 13.73 g/day and
5.70 g/100 g bw, a decrease of 1% (Table
I). Since the feed consumption of the control
group during the 30-day period was essen-
tially constant, the effect of methimazole on



