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Abstract
The activity of the duodenal disaccharidase, maltase, from the time of 

duodenal ulcer induction in the mouse to 49 days beyond, was investigated. 
tor Cysteamine-HCl, a duodenal specific ulcerogen for both the rat and mouse, was 

used to generate an animal model of the human disease. The activity of the 
disaccharidase enzyme varied significantly throughout the 49 day study, and it 
varied in correlation with previously documented morphological changes. The 
activity dropped to a low point by the fourth day following cysteamine 
administration. Between day 4 and day 20, the activity of duodenal maltase 
continued to increase and then leveled off and resembled maltase activity in
the normal duodenum.
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Introduction

Duodenal ulcer is a common human disease with worldwide distribution.

Such ulcers are typical throughout Europe, North America and Australia and

affect about 10% of the male population within these Western countries (1) .

Furthermore, tropical regions such as Africa and India show areas much

affected by duodenal ulcer (1). Although a good deal of information has been

accumulated within the last century with respect to incidence, geographic

distribution, and clinical profile, the pathophysiology of duodenal ulcer has

only begun to be understood in the last two decades (2,3). Along with this

increased knowledge came the foundations for rational treatment of this

disorder, and the utilization of reproducible and inexpensive animal models of

the disease which have contributed toward the understanding of the

pathogenesis of duodenal ulceration (4). Animal models of the human disease, 

using chemical duodenal ulcerogens, have become a useful tool in the attempt

to elucidate the mechanism of ulcer formation. These models have been and

continue to be improved in order to more closely resemble the human disease 

and provide greater insight into the origin and treatment of duodenal ulcer

disease (5) .

In spite of the advantages provided to researchers through the

development of animal models for duodenal ulcer, many factors involved in its

pathogenesis remain to be determined (6). Here I utilize the cysteamine-HCl
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duodenal ulcer model in the mouse to follow the activity of the duodenal

disaccharidase, maltase, through a seven-week period following the onset of

duodenal ulcer. This information can then be compared with previous analyses

4b on the healing of duodenal ulcers so that possible correlations can be drawn 

between the activity of maltase and previously documented morphological

changes.

2



Literature Review

The Development of Duodenal Ulcer Models

It has been known for more than 50 years that ulcers and erosions can be

easily induced in humans and laboratory animals by a variety of physical, 

chemical, and biological factors (7). In 1936 Selye recognized that during a

stress response a common set of pathogenic mechanisms links many of the

different causative factors (8). It has also been known that duodenal ulcers

are of rare occurrence in experimental animals subjected to stressors known to

produce gastric ulcers (7) . For example, exposure to stress, in itself or in

combination with various sensitizing agents, especially glucocorticoids, can

produce acute hemorrhagic erosions of the gastric mucosa and such agents have

been used to generate experimental models of human "stress ulcers." Yet, the

duodenum of rats is resistant to the induction of ulcers through such methods

(8) . This indicates that the development of duodenal ulcers in the rat 

involves pathophysiologic events not triggered by the general stress response

(7) .

As a result of the rodents' resistance to the generation of duodenal

ulcers induced through the general stress response, another method was needed 

for the generation of animal models for the human disease. Yet until recently, 

such animal models were very scarce (9). The models that were made available

included pantothenic acid deficiency in certain strains of rats, the prolonged

infusion of secretagogues, and the local application of acetic acid on the

duodenum (7). The secretagogue method required that histamine, carbachol, and

pentagastrin be administered simultaneously during fasting. The application
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of acetic acid required constant perfusion of the stomach and duodenum with

acid after the introduction of a permanent catheter through a skin

incision in fasted and immobilized rats (8) . Unfortunately, these early

models were quite cumbersome, produced low yields of ulcers, and were often

unreliable (8).

In 1971 Szabo and Selye presented the first rapid duodenal ulcer model

(10) . These ulcers were induced in the rat through the use of acetanilide

(10) . However, the incidence of duodenal ulcers was low and the model was

eventually abandoned (7). Then, in 1972, a new model was introduced. This

model involved the subcutaneous (s.c.) or per os (p.o.) administration of

propiontrile. This model consistently produced solitary and often perforating

duodenal ulcers in 80% of the rats studied (11). This proved to be especially

useful for duodenal ulcer studies because the lesions occurred 3-5mm beyond

the pylorus, developed within 24-48 hrs, rarely involved the development of

gastric ulcers, and further resembled the anatomic disposition of human

duodenal ulcers due to the tendency to perforate into the peritoneal cavity or

penetrate into the liver or pancreas (7).

Shortly after the development of the propiontrile model, Szabo and 

Selye found that cysteamine produced duodenal ulcers in rats (8). While they 

were studying the effect of hormones on resistance to various toxicants, Szabo 

and Selye noted accidentally that acute and almost invariably perforating 

duodenal ulcers developed in rats given cysteamine-HCl

(li-mercaptoethylamine-HCl) either orally or parenterally (8) .

Several additional compounds have been shown to be duodenal ulcerogens 

producing results similar to cysteamine. These include 3,4-toluenediamine,

3,4-toluenedithiol, and n-butyronitrile (7). The last two chemicals revealed
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that seemingly unrelated chemicals may cause duodenal ulcers if certain

structural requirements are satisfied. Among these is the presence of a two

carbon backbone bearing electronegative radicals at one or both ends (12,13).

However, at present it is clear that cysteamine is the most potent,

specific, and reliable duodenal ulcerogen (7) . This model offers the

advantage of more rapidly and consistently developing ulcers with fewer doses

required (7). As a result, the cysteamine model is particularly useful for

investigations regarding the mechanism of duodenal ulcerogenesis as well as

investigations concerned with a possible means for its prevention (8).

The Induction of Duodenal Ulcer by Cysteamine

Cysteamine-induced duodenal ulcers can be easily obtained in rats and

mice. The susceptibility of other laboratory animals such as cats, pigs and

rabbits has recently been analyzed by Szabo and resulted in the development of

duodenal ulcers following cysteamine administration in each case (7).

Acute duodenal ulcers can be produced in several strains of rats. For

this purpose, cysteamine-HCl is dissolved in distilled water to a

concentration of 10% w/v (lOOmg/ml). In order to obtain a high yield of acute 

duodenal ulcers with low mortality (approx.20%) to study ulcer healing, or to

test therapeutic agents, the standard procedure involves administration of

cysteamine-HCl , 28mg/100g p.o. 3 times, once every 4 hours in fed rats. If a

model for analysis of early biochemical morphologic, and functional changes in

duodenal ulceration is needed, a single dose of cysteamine-HCl 70mg/100g p.o.

or 40mg/100g s.c. can be administered to fed or fasted rats. In this case the

mortality rate may increase for fasted rats, especially those receiving a
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s.c. injection, to about 40% (14) Chronic active duodenal ulcers are also

easily obtained. For this purpose rats are given cysteamine-HCl 28mg/100g

p.o. 3 times on day one and on the second day they are provided drinking water

containing 0.2%, 0.05%, or 0.01% cysteamine-HCl (14). The additional low

amounts of cysteamine produce gastric hyperacidity to maintain the ulcers in

an active state (7).

Due to the need for more large-scale experiments to investigate the

pathogenesis and treatment of duodenal ulcer disease, Cahill, Gallagher, and

Szabo developed a cysteamine-induced duodenal ulcer model for the mouse in

1984 (5). The mouse is convenient due to its small size, lower cost, and low

treatment requirement for the rapid production of reproducible ulcers similar

to the human disease (5) . Through an extensive review of dose and time

response studies they revealed that a single p.o. dose of cysteamine-HCl 70 or

100 mg/lOOg or 3 doses of 30mg/100g (1 each 4 hrs) results in high incidence

of ulcers and low mortality. A single s.c. injection is not recommended for

routine use since it results in high mortality. However, three s.c. doses of

25mg/100g cysteamine-HCl induces duodenal ulcers with high incidence and low

mortality (5).

Morphological Analysis of Experimental Duodenal Ulcers
Although macroscopic and microscopic descriptions of well developed

ulcers have been long available, detailed morphologic studies of incipient or

"developing" ulcers were not possible until the introduction of animal models 

(7). Such models provide a unique opportunity to follow the morphologic

changes from their beginning.
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The use of the transmission electron microscope revealed that, following

a single dose of cysteamine, the first changes occur in the apical endoplasmic 

0 reticulum of absorptive cells. These changes were observed within 30 minutes 

of injection of cysteamine and thus take place quite early. Mitochondrial

changes and disruption of microvilli and tight junctions have also been

observed (7). These changes were followed by the formation of subepithelial

blisters and sloughing of cells. This left an exposed and congested lamina

propria (15). Necrosis then progressed centrifugally, creating an erosion and

then an ulcer within 12-24 hours which closely resembled human duodenal ulcers

both microscopically and macroscopically (7).

Light microscopy revealed the ulcer as a defect in the surface

epithelium with mucosal necrosis penetrating beyond the muscularis mucosae and

even as far as the serosa (7). The ulcer base is covered by necrotic debris

and usually shows a prominent acute inflammatory reaction. The ulcer is

located on the anterior wall 2-3mm from the pylorus, usually accompanied by a

smaller "kissing ulcer" in the posterior wall, and has a tendency to

penetrate the pancreas or the liver. The chronic experimental duodenal ulcer

consists of, in addition to a necrotic crater, an underlying granulation 

tissue, and dense fibrous connective tissue with a variable degree of chronic 

inflammatory cells. The edges of the ulcer usually demonstrate attempts of 

re-epithelization. All of these pathomorphologic characteristics are typical

of human duodenal ulcers (7).
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Pathophysiology of Chemically Induced Duodenal Ulcer
Many studies have emphasized the importance of functional changes in the

pathogenesis of duodenal ulcers. Of these the most important are

gastroduodenal motility alterations, secretory changes in the stomach,

duodenum, and pancreas, and the change in resistance of the duodenal mucosa to

aggressive factors. These and other changes do take place in the duodenal

ulcer model and thus will be reviewed below.

Motility Alterations

Motility controls the fluid dynamics of the proximal duodenum and thus

may have a role in ulceration. Available studies indicate that gastric

emptying of both solids and liquids is delayed by cysteamine (16,17,18).

This seems to be the result of decreased fundic motility and increased antral

activity (19,20). However, these results seem to contradict those obtained in

duodenal ulcer patients in whom gastric emptying is either normal or

accelerated (21) . Yet, these human studies were done on patients with 

well-developed ulcers and not during the process of ulcer development. In

fact, gastric emptying of liquids in rats with chronic duodenal ulcers was 

either normal or accelerated (7). It is thus possible to speculate that in 

the cysteamine model for duodenal ulcer, and perhaps in the human too, the 

acute changes in gastric emptying during ulceration tend to prevent further

damage and are probably a response to ulcer formation.
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Gastric Acid

Gastric acid secretion was the first functional parameter studied in

cysteamine-induced duodenal ulcers. Most studies have revealed that

cysteamine increases gastric output for at least 4-8 hours after a single

injection (7). However, since cysteamine also delays gastric emptying, part

of the increased gastric acid content may be due to accumulation in the

stomach of undelivered acid. Although acid is required for ulcer development

as demonstrated by procedures which reduce or eliminate acid from the proximal

duodenum, acid hypersecretion cannot fully account for the development of the

ulcer. Kirkegaard et al. clearly demonstrated that acid plays a permissive

rather than a leading role in ulcerogenesis, and that there must be

acid-independent factors which are essential for ulcer development (22).

Pepsin and Pepsinogens

Pepsin has been suggested as an important ulcerogenic factor in the rat 

(7) . However, its definite role remains largely speculative since specific 

and selective "pepsin antisecretory agents" have not been developed. Mangla

et al. put forth the interesting suggestion based on the demonstration of

declining pepsinogen levels in the duodenal mucosa that activation of duodenal

pepsinogens may have a role in the cysteamine-induced duodenal ulceration 

(23). However, further studies are needed to resolve the issue and clarify the 

role of pepsin and pepsinogens.
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Duodenal Epithelial Bicarbonate

It has been recently realized that the duodenal mucosa secretes

significant amounts of bicarbonate (7) . In the rat, it has been estimated

that duodenal bicarbonate can neutralize as much as 20-40% of the basal acid

load from the stomach (7). Furthermore, because the secreted bicarbonate is

in such a strategic location, this component of the duodenal neutralization

mechanism might be the most important in maintaining the acid-base homeostasis

of the unstirred layer in the duodenum and thus in avoiding acid digestion of

the duodenal mucosa (7) .

As a result, substantial interest has risen as to the role played by

duodenal bicarbonate secretion in duodenal ulceration. The cysteamine model

has shown that the bicarbonate secretory response of the proximal duodenum to

an acid load is significantly impaired five or more hours after cysteamine

administration but not at earlier times (7). This is important because the

first morphologic manifestations of the ulcer appear earlier than the five

hour point. This suggests that impaired bicarbonate secretion can accelerate

or contribute to, but not initiate, duodenal ulceration.

Additional studies have demonstrated the presence of HCC>3-ATPase in the

brush border (24). Furthermore, the in vitro activity of this enzyme was 

decreased by the in vivo injection of cysteamine (25) . This presents the 

possibility that one of the biochemical targets of cysteamine, of relevance to

ulcerogenesis, is the inhibition of this enzyme. However, further studies

carried out by Szabo at Brigham and Women's Hospital and Harvard Medical

School revealed that the inhibition of brush border enzymes in the proximal

duodenum observed after cysteamine is secondary to acid exposure in its

ability to stimulate duodenal ulcer production since pylorus ligation or
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antisecretory agents were able to block the inhibitory effects of

cysteamine (26). These results suggest that duodenal bicarbonate secretion

may play an important role in ulcerogenesis. However, the extent of 

0 contribution of bicarbonate secreted by the duodenal epithelium remains to be

determined.

Brunner's Glands Secretions and Proliferation

The studies of Hartiala et al. suggested that the Brunner's glands could

protect the proximal duodenum against incoming acid (27). This notion has

been reinforced by the findings of the Brunner's glands alterations in dogs

with duodenal ulcers induced by cinhophen (7). It has further been suggested

that the decreased bicarbonate secretion in the proximal duodenum after

cysteamine was due to alterations of the Brunner's glands (28). Yet, firm

conclusions with respect to the bicarbonate contribution by the Brunner's

glands can not be drawn because contributions of bicarbonate from the duodenal

epithelium and the Brunner's glands were not studied separately. In fact,

recent studies comparing the secretion of bicarbonate by the proximal duodenum

of animals possessing or lacking Brunner's glands have suggested that the

glands contribute little to acid neutralization (29) .

However, there is evidence to support a different role for the Brunner's 

glands with respect to duodenal ulceration. Recent [ 3h]thymidine 

autoradiographic studies have shown that under the normal circumstances, about

0.3% of cells in the Brunner's glands synthesized DNA in situ to supply cell
fc

loss (30). As a result the cellular kinetics of the Brunner's glands as well

as the crypts of Lieberkuhn in the healing process of experimental duodenal

ulcer were investigated (30). This study revealed that, after the development
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of an ulcer in the duodenum, cell proliferation was markedly activated not

only in the crypts but also in the Brunner's glands near the ulcer. In the

Brunner's glands near the ulcer, many labeled cells were found from the onset 

0 of regeneration, and the labeling index was over 20 times that in the steady

state. The Brunner's glands at the margin of the ulcer became basophilic and

showed marked reduction in PAS-positive mucin. These findings suggest that

Brunner's gland cells, which have been believed to be functioning mature

cells, can easily be stimulated to divide and proliferate by the presence of

an ulcer. The Brunner's glands at the margin of the ulcer were partly exposed

to the lumen of the ulcerated duodenum, thereby suggesting the possible

importance of the Brunner's glands in the initial healing of the experimental

ulcer (30).

Pancreatic and Bilary Secretions

Pancreatic and bilary secretions contribute by over 50% to the acid

neutralization capacity of the duodenum (7) . Thus, decreased secretion or

delivery of pancreatic and bilary secretions to the proximal duodenum will 

have a negative impact on the acid neutralization capacity of this portion of 

the duodenum. Yet, in the chronic gastric fistual rat cysteamine increases 

rather than decreases biliopancreatic alkaline output (7) . Delivery to the 

proximal duodenum, however, might be compromised by motility alterations

leading to depletion of pancreatic bicarbonate in the proximal duodenum (7) .
0
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Neuroendocrine Control or Influence

Szabo and Pihan presented the idea that the effect of cysteamine-HCl in

inducing ulcers in rats is circadian rhythm-dependent. They found that the

effect was greatest from just before the end of diurnal rest to just after the

start of nocturnal activity. Additional studies have shown that adrenalectomy

of rats 7 days before cysteamine administration obliterated the observed

circadian susceptibility to ulcer formation. Thus, duodenal ulceration, at

least in the cysteamine model, appears to be under chronobiologic

nueroendocrine control or influence, seemingly mediated by the adrenal glands

(7) .

Healing of Cysteamine-Induced Duodenal Ulcers
Poulsen et al. demonstrated that the healing time as well as the

mechanism of healing in cysteamine-induced ulcers varies considerably,

according to the depth of the ulcers. Erosions reepithelialize within three

days, and the mucosal surface becomes completely normal within 15 days.

In nonpenetrating ulcers, an essential component of healing seems to be

a contraction of the circular layer of the external muscle coat, which

diminishes the ulcer rapidly in the transverse direction of the intestine.

Therefore, the ulcer margins are approached and a complete layer of Brunner's

glands is reestablished. The role of contraction seems to be reduction of

ulcer size. In fact, 80% of the reduction of ulcer size seems to be the

result of contraction, whereas only 20% is the result of epithelialization

(31) .

corutcCARROLL COLLEGE
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Materials and Methods

In this study, changes in the levels of maltase activity in the mouse

duodenum were analyzed over a seven week period following administration of

cysteamine-HCl.

Materials

Animals

Charles River female CD-I C.O.B.S. mice (Charles River Labs., Inc.,

Wilmington , Mass., USA) born on 8/30/89 weighed between 16 and 18 grams at

the time of shipping and weighed between 25 and 35 grams when the experiment

began. Purina lab chow and tap water were continually made available for

unregulated consumption. The mice were maintained on a 12hr light-dark cycle.

Each (control and experimental) group consisted of 3-5 animals housed in solid

bottom, stainless steel cages provided with wood chip bedding.

Ulcer Induction

Cysteamine(2-mercaptoethylamine-HCl,Sigma Chemical Co. No. M-6500) was 

diluted to a concentration of 10% w/v-lOOmg/ml and then given subcutaneously 3 

times at 4 hour intervals at a dose of 30mg/100g.

V
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Method

Injection of mice

Thirty-five mice were injected with cysteamine and 28 mice were used as

controls according to the following table.

Table 1. Injection of mice with cysteamine for maltase assay.

Day of Sacrifice 
after injection

No. of Mice for Assay 
Experimental

No. of Mice for Assay
Control

day 2 5 4

day 4 5 4

day 8 5 4

day 14 5 4

day 21 5 4

day 35 5 4

day 49 5 4

Collection of Tissue Sample
The mice were sacrificed on their corresponding day. The duodenums of 

the mice (control and experimental) were removed, sealed in parafilm, and 

frozen (-20°C) until the assay could be carried out.

0 Each individual duodenum was weighed and minced on a chilled glass plate

covered with wax paper. The minced tissue was transferred to a cylindrical

teflon pestle homogenizer. Each duodenal sample was treated separately. A
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solution of 0.9% NaCl was added in the amount shown in Table 2. The

homogenizer was kept with its contents (including the teflon pestle) in

crushed ice for 5-10 minutes. The mixture was then homogenized for 2 minutes

at low speed (300-400rpm) while the homogenizer remained immersed in the

crushed ice.

Note : Insufficient chilling or too high motor speed may cause losses of 
enzymatic activity.

Table 2. Volume of 0.9% NaCl to be used for homogenization.*

Wet weight of the biopsy Volume of 0.9% NaCl added

4-8 mg 0.2 ml

12-20 mg 0.5 ml

20-40 mg 1.0 ml**

40-80 mg 2.0 ml**

*Bergmeyer H. a., Bergmeyer J. and Gralil M. a-Glucosidases (Disaccharidases). In:
Methods_ Of__Enzymatic Analysis. Third edition. Verlag Chemie. Deerfield Beach,
Florida, pp. 208-217, 1984. (32)

** First added 0.5 ml, homogenized, then added the rest and homogenized again.

e
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Following homogenization, the homogenate was prepared for the assay in

test tubes according to Table 3.

Table 3. Maltase assay design.

Dilution No. Homogenate vol. 0.9% NaCl Buffered Maltose Total Vol.

1 10|il 40|il 50|ll ioop.1

2 20|il 30|il 50(il 100p.l

3 50|il — 50|il 100gl

Three replicates of the three dilutions were prepared for each duodenal 

sample (control and experimental) to provide increased accuracy for the assay 

results. The number of samples for each time point equaled the number of mice 

injected according to Table 1. There was a mortality rate of 21% for the 

injected mice; however, the deceased mice were replaced by mice from an 

abandoned portion of the experiment. The additional mice were injected the 

same day and treated in the same fashion as the deceased experimental mice. 

The solutions used in the assay were prepared as described in the Appendix. 

Test tubes containing the volumes of homogenate, 0.9% NaCl, and buffered

maltose listed in table 3 were vortexed and incubated for 30 minutes at 37°C .

The reaction was then stopped by the addition of 100 |ll of 0.5M Tris buffer to

each tube. Three ml of color reagent was then added to each tube and the
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tubes were incubated an additional 15 minutes at 37°C. Following this

incubation, the absorbances were read at a wavelength of 450nm.

Note:
The color reagent used in this assay is available from the Sigma Chemical Co.
SIGMA DIAGNOSTICS, P.O BOX 14508, ST. LOUIS, MO 63178 (USA)
The procedure is Glucose procedure No. 510.
The combined enzyme-color reagent solution was prepared by combining 100ml of the 
PGO enzyme solution (catalog No. 510-6) and 1.6ml of o-Dianisidine dihydrochloride 
color reagent solution, (catalog No. 510-50)

This procedure is based upon the following series of enzymatic 
reactions.

Maltase
a) Disaccharide(Maltose) + H2O -------------- > Glucose + Monosaccharide

Glucose Oxidase
b) Glucose + 2 H2O + O2-------------------- > Gluconic Acid + 2H2O2

Peroxidase
c) H2O2 + o-Dianisidine----------------- > Oxidized o-Dianisidine

(colorless) (Brown)

Fig 1. Reactions involved in the assay of maltase acitivity.
The intensity of the brown color measured at 425-475nm is proportional 

to the original glucose concentration, which is proportional to the original

maltose concentration.

The optical densities of the maltase in the duodenums (experimental and 

control) were recorded. Wet weights for the tissue in each assay were 

determined by first dividing the total duodenum weight (in mg) by the volume 

of NaCl (in ml) used in the homegenization. Secondly, this value was 

multiplied by the volume (in ml) of homogenate used in the assay. Then, this 

value (in mg's) was divided into the corresponding optical density reading to 

express maltase activity in terms of optical density/unit wet weight. All 

values were then averaged to provide a single value for each category in

Tables 4 and 5.
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Results and Discussion

The results of the assays for duodenal maltase are presented in Table 4

(samples from control mice) and Table 5 (samples from mice treated with

cysteamine). These data represented the activity of maltase in the mouse

duodenum in terms of optical density/wet weight in mg's (O.D.'s/mg). The

activity of maltase in the experimental mice varied considerably during the

period beginning with ulcer induction and followed by the subsequent healing

of duodenal ulcer, while the activity of maltase in the contol mice varied

only slightly. Figure 4 illustrates that maltase activity in the ulcerated

mouse duodenum was considerably lower than maltase activity in the normal

mouse duodenum as early as 2 days following the induction of duodenal ulcer

via the s.c. administration of cysteamine-HCl. As seen in Figure 3, maltase

activity in the ulcerated duodenum consistently reached its lowest level 4

days following the cysteamine injection. From this point on the activity of

maltase rose sharply until day 20 when it began to level off and resemble the

maltase activity in the normal mouse duodenum. Yet, Figure 2 revealed that

there was very little deviation in the activity of maltase in the nonulcerated

duodenum. The nonulcerated duodenal maltase activity ranged from a high of 

.03378 O.D.'s/mg on day 4 to a low of .03092 O.D.'s/mg on day 2. However, the 

ulcerated duodenums maltase activity ranged from a high of .03308 O.D.'s/mg to

a low of .02189 O.D.'s/mg

Since maltase is a brush border enzyme directly attached to the duodenal

mucosa, the activity changes in this study can be associated with previously

documented morphological changes in cysteamine-induced ulcerated duodenums

1 9



(33). Based, on the dose of cysteamine used in this study, the majority of the

ulcers would be erosions and possibly nonpenetrating ulcers. Erosions heal

very quickly (31) . Reepithelialization typically is complete within 3 days 

♦ (31) . Within a week small villi form, and after 15 days the mucosa is

histologically normal. Nonpenetrating ulcers reepithelialize within 15 days,

yet villi still lack normal orientation (31).

Thus, if the time course of events in the present study corresonds with

the events documented in morphological studies, it is reasonable to assume the

activity of maltase analyzed in this study approached its lowest value shortly

after reepithelialization began. It then began to increase during the process

of villi formation and did not level off until the duodenum had returned to

its normal histological state. Therefore, it may be that between

reepithelialization (day 3) and histological normalcy (day 15), during which

time maltase activities deviate from a low point to a normal point, microvilli

formation may be occurring in order to establish the brush border environment

of the enzyme.

Furthermore, because the activity of maltase, as documented in the

study, follows a pattern with obvious correlations to documented morphological 

changes, maltase activity provides a good indication for the degree of

ulceration in the duodenum.

20



Table 4. Maltase assay results (for control samples) recorded as optical 
density units/weight in mg's. The values represent averages 
computed from replicate assays of pooled samples.

Time in days control dilution 1 control dilution 2 control dilution 3

2 .03092 .02953 .03325

4 .03182 .03076 .03378

8 .03190 .03176 .03298

14 .03170 .03067 .03157

21 .03100 .03093 .03079

35 .03143 .03108 .03175

49 .02976 .03255 .03166

Table 5. Maltase assay results (for experimental samples) recorded as 
The values represent 
pooled samples.

optical density 
averages computed

units
from

/weight in mg's, 
replicate assays of

Time in days experimental dilution 1 experimental dilution 2 experimental dilution 3

2 .02470 .02576 .02387

4 .02364 .02265 .02189

8 .02567 .02587 .02408

14 .02922 .03080 .02987

21 .03147 .03215 .03298

35 .03114 .03256 .03298

49 .03170 .03255 .03308
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Fig 2. Graphical comparison of the three
dilutions utilized for the control 
samples in the assay of maltase.
(a) represents dilution 2, (b) represents
dilution 3 and (c)represents dilution 1.
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Fig 3. Graphical comparison of the three
dilutions utilized for the experimental 
samples in the assay of maltase.
(a) represents dilution 3, (b) represents
dilution 1 and (c) represents dilution 2.
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Appendix

Maltase Assay Solutions: 1. Maleate Buffer .1M pH 6.0

*
Dissolve 1.16 g maleic acid in 15.3ml 
NaOH, 1M and dilute with water to 100ml.

2. Disaccharide Solution (Maltose) 56mM

Dissolve 200mg maltose monohydrate in 
maletate buffer and make up to 10ml. Store 
frozen (~20°C) in small aliquots (l-2ml). 
Thaw completely and mix well before use.

3. Tris Buffer .5M pH 7.0

Dissolve 61.Og Tris in 85ml HC1 0.5M and 
dilute with water to 100ml. If needed 
adjust pH to 7.0

4. Glucose Color Reagent from Sigma 
Diagnostics (procedure No. 510-50)

5. NaCl (0.9% w/v)

Dissolve 0.9g NaCl in water to a final 
volume of 100 ml.
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