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Effect of Dimethylglycine on Gastric Ulcers in Rats
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Abstract

Dimethylglycine is an anti-stress nutrient with antioxidant properties. Recently, studies
have implicated the generation of oxygen-derived free radicals and lipid peroxidation as
one of the mechanisms in the pathogenesis of gastric ulcer. Hence, we evaluated the anti-
ulcer activity of dimethylglycine in various rat models of ulcer and also investigated the
probable antioxidant mechanism of the anti-ulcer effect.

Dimethylglycine at a dose of 25 and 35 mg kgÿ1 signi®cantly reduced ulcer number,
ulcer size and ulcer index in pyloric-ligation-, ibuprofen- and stress-induced ulcers. The
35 mg kgÿ1 dose was more effective than 25 mg kgÿ1 and was comparable to famotidine.
Dimethylglycine did not produce any signi®cant change in acid secretion, unlike famoti-
dine. There was a signi®cant increase in plasma and tissue malondialdehyde levels in
pyloric-ligated rats but these levels fell following dimethylglycine treatment. Also, there
was a signi®cant reduction in glutathione levels after dimethylglycine treatment.

The results suggest that the gastroprotective effect of dimethylglycine could be mediated
by its free radical scavenging activity and cytoprotection of gastric mucosa.

Peptic ulcer is one of the common diseases
affecting man. Severe stress, Helicobacter pylori
infection and ingestion of alcohol, aspirin and other
non-steroidal anti-in¯ammatory agents (NSAIDs)
are predisposing factors. It is well known that
peptic ulcer develops when there is an imbalance
between protective mechanisms and aggressive
factors. An increase in acid and pepsin is found
only in a minority of peptic ulcer patients. Never-
theless, drugs used in peptic ulcer have traditionally
been directed mainly against a single luminal
damaging agent, hydrochloric acid, and a plethora
of drugs like antacids, anticholinergics, histamine
H2-antagonists, have ¯ooded the market.

Recently, studies have implicated the generation
of oxygen derived free radicals and lipid peroxi-
dation as one of the mechanisms involved in the
pathogenesis of gastric ulcers (Naito et al 1995;
Desai et al 1997). Antioxidants are known to inhibit
lipid peroxidation and scavenge free radicals.
Hence, there is a need to develop drugs that are
directed towards scavenging of these free radicals
and which produce bene®cial effects against gastric
ulcers.

Dimethylglycine is an anti-stress nutrient and
clinically useful in various stress-related disorders,

including neurologic disorders, diabetes and car-
diovascular diseases (Passwater 1987). It aids
detoxi®cation and acts as an antioxidant, protecting
the body cells from unwanted reactions caused by
free radicals (Passwater 1987). It is therefore pos-
sible that dimethylglycine could scavenge free
radicals and produce bene®cial effects against
gastric ulcer. Hence, this study evaluates the anti-
ulcer activity of dimethylglycine in different rat
models of ulcer and also investigates probable
antioxidant mechanisms of the anti-ulcer effect.

Materials and Methods

Animals and treatment
Healthy inbred male albino Wistar rats, 150±200 g,
were used for the study. The rats were individually
housed and allowed free access to normal diet and
water. The dose of dimethylglycine was 25 or
35 mg kgÿ1 and that of famotidine was 3�6 mg kgÿ1.
The doses were decided upon by computing the
human dose to rat. Dimethylglycine was prepared
in water and famotidine suspended in gum acacia.
Both drugs were administered orally.

For each model of gastric ulcer (pylorus-ligation
method, ibuprofen- and stress-induced gastric
ulcers), four groups with eight rats in each group
were used.
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Ulcer production

Pylorus-ligation method. One hour after drug or
saline administration, the pylorus of the rats was
ligated under light ether anaesthesia as described
by Shay et al (1945). Twenty-two hours later rats
were killed and their stomachs dissected out after
ligating the cardiac end. Each stomach was cut
open along the inner curvature and the contents
were collected, then the mucosa was washed and
the extent of ulceration was scored as per the
method of Rao et al (1990). The gastric juice
collected from each stomach was centrifuged and
its volume was measured. Free and total acid was
estimated with 0�01 N NaOH using Toepfer's
reagent and phenolphthalein as indicators. The
acid present was expressed as mEq hÿ1 per 100 g
body weight.

Ibuprofen-induced gastric ulcers. Ibuprofen
300 mg kgÿ1 was given orally at 15-h intervals to
rats to produce gastric ulcers. The rats were killed,
6 h after the second dose of ibuprofen, with excess
of ether and ulcer scored as described earlier. Test
drugs and saline were administered 60 min before
each dose of ibuprofen.

Stress-induced ulcers. Rats were deprived of food
for 12 h and then immobilised in a stress cage and
forced to remain in a cold room (4±6�C) for 3 h.
The rats were then killed and ulceration was scored.
Saline and test drugs were administered 30 min
before immobilisation.

Biochemical studies
Rats were divided into three groups with eight rats
in each group. Group I served as the control while
rats in groups II and III underwent pyloric ligation.

Rats in group III were administered dimethyl-
glycine (35 mg kgÿ1) one hour before ligation.

Blood (1 mL) was withdrawn by cardiac puncture
and the rats were anaesthetised with ether and
killed by decapitation. The stomach was removed,
washed with ice-cold saline and a 10% (w=v)
homogenate was prepared in ice-cold 0�05 M

potassium phosphate buffer (pH 7�4). It was then
centrifuged at 7000 rev minÿ1 for 10 min at 4�C.
The supernatant was collected for estimation.

Lipid peroxidation. The quantitative measurement
of lipid peroxidation in plasma was performed
according to the method of Satoh (1978) and that
in gastric tissue by the method of Ohkawa et al
(1979). The amount of malondialdehyde formed
was quanti®ed by reaction with thiobarbituric acid
and used as an index of lipid peroxidation. The
results are expressed as nmol malondialdehyde=mL
of plasma and nmol malondialdehyde=g of wet
tissue, respectively.

Glutathione estimation. Glutathione was estimated
by the method of Beutler et al (1963) and the
results are expressed as mg glutathione=g of wet
tissue.

Statistical analysis
The results were analysed using one-way analysis
of variance followed by studentized range
procedure.

Results

Dimethylglycine, at both doses, and famotidine
produced signi®cant reduction in ulcer number,
ulcer size and ulcer index compared with control
rats in pyloric-ligation-, ibuprofen- and stress-

Table 1. Effect of dimethylglycine on pyloric-ligation-, ibuprofen- and stress-induced ulcers in rats.

Control Dimethylglycine Famotidine

25 mg kgÿ1 35 mg kgÿ1 3�6 mg kgÿ1

Pyloric ligation Ulcer no. 5�25� 0�85 2�25� 0�14* 0�25� 0�25*{ 0�05� 0�25*
Ulcer size (mm) 9�63� 2�37 4�25� 0�59* 0�25� 0�25*{ 0�25� 0�25*

Ulcer index 63�75� 24�95 10�00� 1�96* 0�50� 0�50*{ 0�50� 0�50*

Ibuprofen Ulcer no. 14�63� 1�91 4�50� 0�18* 0�75� 0�31*{ 0*
Ulcer size (mm) 27�75� 4�49 14�38� 0�82* 1�50� 0�60*{ 0*

Ulcer index 435�25� 104�10 65�88� 5�02* 2�25� 1�03*{ 0*

Stress Ulcer no. 11�75� 0�72 1�37� 0�73* 0�63� 0�26*{ 0�63� 0�37*
Ulcer size (mm) 20�00� 3�42 2�75� 1�69* 0�63� 0�26*{ 1�38� 0�98*

Ulcer index 251�75� 34�77 11�38� 7�20* 0�88� 0�48*{ 3�37� 2�96*

Values represent means� s.e.m., n� 8. *P< 0�05 vs control; {P< 0�05 vs dimethylglycine 25 mg kgÿ1.
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induced ulcers. There was a signi®cant reduction in
ulcer number, ulcer size and ulcer index in rats
treated with 35 mg kgÿ1 of dimethylglycine as
compared with the lower dose of 25 mg kgÿ1 in all
the three rat ulcer models (Table 1).

Famotidine signi®cantly reduced the volume, free
acidity and total acidity of gastric juice, while
dimethylglycine treatment did not produce any
change in these parameters at either of the doses
used (Table 2).

There was a signi®cant increase in plasma and
tissue malondialdehyde levels in pyloric-ligated
rats as compared with control rats. Following
dimethylglycine treatment, there was a signi®cant
reduction in plasma, as well as tissue, malon-
dialdehyde levels as compared with pyloric-ligated
rats (Table 3).

Glutathione levels in pyloric-ligated rats were
similar to those in control rats. However, in rats
treated with dimethylglycine there was a signi®cant
reduction in the glutathione levels as compared
with control and pyloric-ligated rats (Table 3).

Discussion

This study was undertaken to evaluate the anti-
ulcer activity of dimethylglycine. At both the doses
used, it showed signi®cant anti-ulcer effect in
pyloric-ligation-, ibuprofen- and stress-induced
ulcer models. The higher dose of dimethylglycine
was more effective than the lower dose and com-

parable to the standard drug, famotidine. Increased
acid secretion has long been linked to gastric ulcer
production and treatment is aimed at reducing acid
secretion (Desai et al 1997). Dimethylglycine did
not, however, signi®cantly change acid secretion,
unlike famotidine which reduced the gastric
volume and the free and total acid, consistent with
its H2 receptor antagonist activity. This indicates
that dimethylglycine produced its anti-ulcer effect
by a mechanism other than alteration of gastric
secretion.

It is well known that ibuprofen induces gastric
ulcer by inhibiting prostaglandins, which are cyto-
protective to gastric mucosa (Desai et al 1997).
Dimethylglycine effectively reduced the gastric
ulcer produced by ibuprofen, indicating a possible
cytoprotective action on gastric mucosa. Several
recent lines of evidence implicate the role of free
radicals and lipid peroxidation in gastric mucosal
damage (Naito et al 1995; Desai et al 1997). Stress
is known to cause ischaemic conditions in the
gastric mucosa by reducing blood ¯ow following
activation of parasympathetic and sympathetic
nervous system. This causes generation of reactive
oxygen species, especially the hydroxy radical
(�OH), by the Haber-Weiss reaction causing lipid
peroxidation and oxidative damage of gastric
mucosa. Stress is also found to inactivate mucosal
prostaglandin synthetase by accumulated H2O2 and
inhibit the synthesis of prostaglandin which also
favours the generation of reactive oxygen species
(Bandyopadhyay et al 1999). H. pylori is known to

Table 2. Effect of dimethylglycine on gastric secretion produced by pyloric ligation in rats.

Drug pH Vol. of gastric juice
(mL (100 mg

body weight)ÿ1)

Free acidity (mEq Lÿ1 hÿ1

(100 g body weight)ÿ1)
Total acidity

(mEq Lÿ1 hÿ1 (100 g body
weight)ÿ1)

Control 2�71� 0�46 4�22� 0�45 3�14� 0�22 7�42� 0�46
Dimethylglycine

25 mg kgÿ1
2�97� 0�36 3�81� 0�28 3�09� 0�36 6�18� 0�45

Dimethylglycine
35 mgkgÿ1

3�97� 0�49 3�18� 0�40 2�95� 0�24 6�96� 0�48

Famotidine 3�6 mg kgÿ1 4�03� 0�39 2�07� 0�26* 1�34� 0�15* 3�43� 0�33*

Values represent means� s.e.m., n� 8. *P< 0�05 vs control.

Table 3. Effect of dimethylglycine on plasma and tissue malondialdehyde and tissue glutathione levels in pylorus-ligated rats.

Group Malondialdehyde concn Tissue glutathione concn

Plasma (nmol Lÿ1) Tissue (nmol (g wet tissue)ÿ1) (mg (g wet tissue)ÿ1)

Control (group I) 2�84� 0�40 17�27� 1�67 3�07� 0�37
Pyloric ligation (group II) 8�31� 1�00* 142�38� 5�17* 3�47� 0�13
Dimethylglycine� pyloric ligation (group III) 3�23� 0�60{ 22�12� 3�19{ 0�94� 0�12*{

Values represent means� s.e.m., n� 8. *P< 0�05 vs control; {P< 0�05 vs pyloric ligation.
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attract neutrophils and on activation produces
reactive oxygen species to cause oxidative damage
(Davies & Simmonds 1994). Similarly, NSAIDs are
also reported to cause lipid peroxidation (Desai et al
1997). Lipid peroxidation leads to loss of mem-
brane ¯uidity, ion transport and membrane integrity
of the surface epithelial cells and helps to generate
gastric lesions (Bandyopadhyay et al 1999).

The detection and measurement of lipid per-
oxidation is the evidence cited to support the
involvement of free radicals (Naito et al 1995). The
thiobarbituric acid assay is the most popular
method to estimate the malondialdehyde level,
which is an indication of lipid peroxidation and free
radical activity (Holley & Cheeseman 1993). In this
study, there was a signi®cant increase in plasma
and tissue malondialdehyde levels in pyloric-
ligated rats. This is consistent with studies (Oner
et al 1994; Naito et al 1995) that associate
increased lipid peroxidation with gastric ulcers.
Moreover, the tissue malondialdehyde levels,
higher than those in plasma, were indicative of
localised gastric damage. Szabo et al (1981)
demonstrated that exogenous sulfhydryl com-
pounds induce gastric cytoprotection. Conversely,
it is reported that depletion of endogenous glu-
tathione (gastric mucosal sulfhydryl) can also
induce mucosal protection, possibly by increasing
prostaglandin release (Robert et al 1984).

Dimethylglycine reduced malondialdehyde levels
in plasma as well as tissue, which correlates with its
anti-ulcer effect. This is consistent with its reported
antioxidant effect (Passwater 1987). Further, there
was depletion of glutathione levels, consistent with
previous studies (Robert et al 1984) and similar to
that reported with verapamil (Al-Bekairi et al
1994). Glycine is an important substrate necessary
for the synthesis of glutathione. It is possible that
dimethylglycine, with structural similarity to gly-
cine, could compete for glutathione synthetase,
thereby leading to the deprivation of glycine in the
biosynthesis of glutathione, and hence the latter's
depletion. However, further investigation is
required to fully explain glutathione depletion.

This study indicates that the anti-ulcer activity of
dimethylglycine may be due to free radical
scavenging activity and cytoprotection of gastric
mucosa. Stress ulceration of the stomach is asso-
ciated with clinical conditions like trauma, head
injury, burns, shock, anxiety and neurological dis-
orders. Studies have shown dimethylglycine to be a
safe anti-stress nutrient and thus it could be speci-
®cally useful in the above conditions and also an
important supplement against NSAID- and H.
pylori-induced ulcers. Hence, dimethylglycine is a
promising anti-ulcer drug in peptic ulcer therapy.

Further work could elucidate the other
mechanisms involved in the anti-ulcer effect of
dimethylglycine.
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