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ABSTRACT

Aim: It has been observed that Diabetes Mellitus (DM) cause altered acid secretion and
increased rate of ulceration. Ocimum gratissimum (OG) have been reported to possess
hypoglycemic properties. This study therefore set out to determine the effect of DM on
ulcerogenic indices and how OG could ameliorate them.
Methodology: The phytoconstituents and median lethal dose of the plant extract was
determined before administration. Eighteen rats were used; the animals were divided into
three groups of six rats each. Group 1 was the control and were given normal feed only.
Group 2 was diabetic untreated rats (DM) while group 3 was OG treated diabetic rats
(DMT). All the groups had access to water ad libitum. After 28 days, the gastric acid
output, mucus secretion rate and ulcer scores were determined.
Results: The result showed that the basal acid output in the DM group was significantly
higher than control. The peak acid output in the DMT was significantly lower (P=.001)
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when compared with control and DM. The mean mucus secretion was significantly
(p=.001) lower in the DM and DMT compared with control. The mucus secretion in DMT
was significantly (p=.001) higher compared with DM. The mean ulcer score was
significantly higher in DM than in control (p =.01) and significantly higher in DMT than in
control (P =.01) but significantly lower than in DM group (P =.01).
Conclusion: We therefore conclude that OG mitigate ulcerogenic activities in STZ -
induced diabetic rats by reducing gastric acid secretion and increasing mucus secretion.

Keywords: Ocimum gratissimum; diabetes mellitus; gastric ulcer; Gastric acid and mucus
secretion.

1. INTRODUCTION

The pathophysiology of altered acid secretion in DM has been investigated extensively in
rodent models. Since gastric acid secretion is dependent on the integrity of the vagal nerves,
chemo and mechanoreceptors, neuropeptides and hormones, an effect of diabetes is to be
expected. Streptozotocin (STZ) induced diabetic rats most often show increased gastric acid
secretion [1,2] and increased rate of ulceration [3,4]. This effect is exacerbated by fasting
and is reversed by hypoglycemia [5] but not by insulin replacement [6]. It thus appears that
insulin lack is not the ulcerogenic stimulus, and raises the possibility that absence of gastric–
inhibiting factors (e.g. amylin, PYY, GLP – 1), which may be absent or reduced in DM, could
be implicated. In contrast to the majority of finding of acid hypersecretion, one study noted
no difference between diabetic and non-diabetic animals in pentagastrin-stimulated acid
secretion [7], and one study described a reduction in acid secretion in alloxan-treated rats
[8]. A direct toxic effect of STZ on gastric mucosa has been proposed as a mechanism of
increased ulceration in STZ - induced diabetes. The constancy of findings of acid
hypersecretion and ulceration in insulinopenic diabetes invoked by diverse insults (Chemical
and autoimmune) indicates that this GI disturbance is a direct consequences of DM, and
perhaps of β – cell deficiency.

Central control of gastric acid secretion is mediated via a cholinergic pathway that includes
the nucleus tractus solitarius (NTS), area postrema. (AP), dorsal motor nucleus of the vagus
[9,10] and capsaicin- sensitive vagal afferents [11]. Insulin stimulation of gastric acid
secretion [12] appears to depend upon its hypoglycaemic effects. Increasing plasma glucose
concentration inhibits gastric acid secretion [13,14], including that simulated by insulin [15]
and amino acids [16]. In contrast, glucagon-induced inhibition of gastric acid secretion
appears to be independent of its effect on plasma glucose [17]. Amylin, which has a high
density of receptors in the AP/NTS [18], is a potent inhibitor of gastric acid secretion [19],
independent of changes in plasma glucose [20] and prevent gastric erosion in response to a
number of irritant [21,22].

Ocimum gratissimum (OG) – Lamiaceas commonly known as ‘scent’ leave, has been used
naturally in the treatment of different diseases [23,24,25]. OG is believed to originate from
central Africa and tropical Asia. It is also found in West Africa. In Nigeria it is found in the
Savannah and Coastal areas. The wide usage of OG is as a result of its vague biological
importance, ranging from traditional, nutritional and medicinal values. It is used as
‘seasoning’ leave due to its peculiar aroma and as vegetable.

Anti-ulcerogenic pharmacological effect of various plants can be traced to their flavoniods
content. Flavoniods are “diphenylpropanes” that occur in plants, as more than 400 flavoniods
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have been found and are frequent in human diet [26].Flavoniods have been found to have
membrane stabilizing properties and also affect some process of intermediary metabolism
and inhibit lipid peroxidation in different systems [26]. Some have been shown to increase
mucosal content of prostaglandins and mucus in gastric mucosa, showing cytoprotective
effect. The active compounds of plant: flavoniods, terpenes and tannins may be regarded as
possible active compounds against gastric lesions by acting as protective factor or
increasing antioxidant activity.

The major aim of this study was therefore to determine the effect of DM on ulcerogenic
indices and how OG reported for its anti-ulcerogenic activity can alter these effects.

2. MATERIALS AND METHODS

2.1 Plant Materials and Preparation of Aqueous Extract

The leaves of Ocimum gratissimum were obtained from the University of Calabar Botanical
Garden and identified by the Chief Herbarium Officer of Botany Department of University of
Calabar. The fresh leaves were rinsed with water to remove sand and debris and then
allowed to drip off water.  The leaves were then dried under shade for two days and then
transferred into AstellHearson Oven and dried at a temperature range of 40 – 45ºC.

The dried leaves were then ground in an electric blender into fine powder to give a gram
weight of 527grams. This 527g weight was soaked in 2.65 liters of water (distilled water) and
allowed over night for about 15 hours and stirred at interval. The mixture was filtered using a
satin mesh material and the final filtrate was gotten by using Whatman’s filter paper size 1.
The final filtrate was dried in the Astell Hearson Oven at 45ºC to obtain a brown gummy
paste. A mettler P163 electronic weighing balance was used to weigh the gummy paste
before stock solution was prepared. The stock solution of the extract was prepared by
dissolving 15gm of extract in 10ml of water to give a concentration of 1500mg/ml. The stock
solution was labeled appropriately and refrigerated at 4ºC until required for use. The median
lethal dose (LD50) of the plant extract was determined by method of Lorke [27].

2.1.1 Determination of phytoconstituents

The phytoconstituents of the extracts was determined and were screened for the presence
of carbohydrates, tannins, alkaloids, saponins, phenolics, anthraquinones and cardiac
glycosides as described by Trease and Evans [28] and Sofowora [29]

2.2 Animals Preparation, Experimental Groupings and Treatment

Eighteen rats were used for the study, the animals were divided into three groups and were
assigned randomly into each group which was made up of Six (6) rats each and housed in
cages assigned to them.

The first group was assigned as the control and were fed with normal rat chow (feed) orally.
The second group contained streptozotocin induced diabetic rat which were left untreated.
The third group of animals contained the test group which were streptozotocin induced
diabetic rats treated with aqueous leaf extract of Ocimum gratissimum. All the animal groups
were allowed access to water ad libitum. The experimental procedures involving the animals
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and their care were in line with the approved guidelines by the local research and ethical
committee.

2.2.1 Induction of diabetes mellitus

Diabetes mellitus was induced by a single injection of 65mg/kg streptozotocin. The injection
was given intraperitoneally. The state of diabetes was observed after 48 hours by the
symptoms of polyuria and glucosuria and this state was confirmed using uristic test strip
(Bayer Health Care LLC, USA). Also, the blood glucose level was tested 1 week after
induction using a Glucometer (ACCU-CHECK Advantage II, Roche Diagnostics (GmbH,
Germany) and ACCU-CHECK Advantage II test strips.

2.2.2 Extract administration and observation

One week after induction of diabetes, the extract was administered per oral to the DMT
group at a dose of 1500 mg/kg body weight once daily for 28 days. Administration was
facilitated by the use of a syringe and Orogastic tube.

2.3 Measurement of Gastric Acid

Measurement of gastric acid was done by the continuous perfusion method of Gosh and
Schild [30] as modified by Osim et al. [31]. Rats from the control, DM and DMT groups were
fasted 24 hour before the start of experiments. 6ml/kg of 25 per cent (v/v) solution of
urethane (Sigman, UK) was given intra-peritonally to anaesthetize each rat. The trachea was
exposed and cannulated. Another cannula was passed through the mouth and esophagus
until it reached the stomach. It was then tied firmly in place with a ligature around the
oesophagus in the neck. The abdomen was then opened along the linea alba to minimize
bleeding. The stomach was exposed and the pyloric end cannulated at its junction with the
duodenum. Isotonic (0.9 per cent) saline was introduced gently via the esophageal cannula
to wash out any stomach content. The perfusate was allowed to flow freely after clearing the
food particles. The abdominal incision was then covered with a moist cotton wool dipped in
normal saline. The stomach was continuously perfused with normal saline at the rate of
1ml/min.

The pH of the saline was maintained at 7.0 and the body temperature of the rat was
maintained at 37ºC by a heating lamp and a rectal thermometer was inserted in the rat to
monitor its body temperature. The flow was adjusted to give an effluent volume of about 1ml
per minute. The effluent was collected at 10 minute intervals and care was taken not to ligate
the blood vessels as this may lead to stained perfusate. Each 10 minute perfusate after
adding two drops of phenolphthalein as indicator was titrated against 0.01N NaOH (May and
Baker UK) to determine its total acidity. The experiments were repeated using histamine as
acid secretagogue. The dose of the histamine was 100 mg/Kg body weight administered
subcutaneously (Sc). Gastric acid output in the effluent sample was measured by titrimeric
analysis.

2.4 Gastric Ulceration

The animals were starved for 24 hours. Under anaesthesia (6ml/1kg of 25 per cent v/v
solution of urethane), a pyloric incision was made and a cannula inserted and kept in place
by tying with a tread. The stomach of the animals was instilled with 1.5 ml of acid alcohol,
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prepared from equivolume of 0.1N HCl and 70 per cent methanol [32]. The instillation was
via the pyloric incision. The animal was left to stay for an hour. Then, the stomach was
isolated, washed and cut open along the greater curvature and rinsed with normal saline.
Pins were used to fasten the tissue in place for proper visualization. A magnifying lens and a
vernier caliper were used to measure the extent of ulceration. Scoring of ulcer spots was by
the method of Alphin and Wards [33] and Adeniyi and Olowokorun [32]. Digital photographs
were taken. Representative specimens are shown in plates 1, 2 and 3.

2.5 Statistical Analysis

All results are presented as mean + standard error of mean. Three sets of data were
analyzed using one way ANOVA, followed by the least significant difference (LSD)
procedure for significant F values, (P=.05) was considered significant.  Computer software
SPSS and Excel Analyzer was used for the analysis.

3. RESULTS AND DISCUSSION

3.1 Comparison of Basal Acid Secretion in Control, DM and DMT Groups of
Rat

Mean basal acid secretion in control and diabetic treated (DMT) rats was 4.00
±0.00µmol/10mins and 3.63 ± 0.15µmol/10mins respectively while the diabetic untreated
(DM) rats had mean basal acid output of 4.60±0.09µmol/10mins. The result showed that
diabetic untreated rats had a basal acid output which was significantly higher than that in
control (P=.001) and diabetic treated (P=.05) (Fig. 1)

Fig. 1. Comparison of mean acid output and effect of histamine, ranitidine + histamine
on gastric acid secretion in the different experimental groups

Test drugs:  significant from normal control, ***p=.001, *p=.05 vs control; c = p=.001 vs diabetic
untreated.

Mean ± S.E.M = Mean values ± Standard error of means of six experiments
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3.2 Comparison of Peak Acid Output Following Histamine Administration in
Control, DM and DMT Groups of Rats

The peak acid output in diabetic untreated rats (14.00 ± 1.53 µmol/10mins was significantly
lower (P=.001) than that in control rats 19.20 ± 2.31µmol/10mins. However, the peak acid
output in the diabetic treated rats 4.00 ± 0.25µmol/10mins was significantly lower (P=.001)
when compared with control or diabetic untreated group, Fig. 2.

Fig. 2. Comparison of effect of subcutaneous administration of histamine on gastric
acid secretion in different experimental groups

Mean ± S.E.M = Mean values ± Standard error of means of six experiments.

3.3 Comparison of Effect of Ranitidine on Histamine Stimulated Acid
Secretion in Control, DM and DMT Groups Of Rats

Histamine stimulated peak acid output in control, DM and DMT was significantly reduced
after administration of histamine-H2 blocker, ranitidine when compared to histamine
stimulated peak acid output in the three groups without the blocker, ranitidine. These
reductions in the PAO following ranitidine administration were greater in the control than in
the test groups, Fig. 3
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Fig. 3. Comparison of effect of subcutaneous administration of ranitidine + histamine
on gastric acid secretion in different experimental groups

Mean ± S.E.M = Mean values ± Standard error of means of six experiments.

3.4 Mucus Secretion (Weight)

The mean mucus secretion in the control, diabetic untreated and diabetic treated rats were
1.17 ± 0.01, 0.46 ± 0.06 and 0.89 ± 0.03g respectively. The mean mucus secretion was
significantly (p=.001) lower in the diabetic untreated and diabetic treated groups compared
with control. The mucus secretion in diabetic treated group was significantly (p=.001) higher
compared with diabetic untreated group, Fig. 4.

Fig. 4. Comparison of mean mucus concentration in the different experimental groups
Test drugs:  significant from normal control, ***P=.001 vs control, c = P=.001 vs diabetic-untreated.

Mean ± S.E.M = Mean values ± Standard error of means of six experiments

FIG. 4.1 Fasting blood glucose in control, DM and DMT
experimental groups of rats. Values are mean + SEM, n = 6.

***P<0.001, **P<0.01 vs control; c = P<0.001 vs DM.

0

0.2

0.4

0.6

0.8

1

1.2

1.4

Group

M
uc

us
 (g

)

Control
DM
DMT

***

***, c

Okon et al.; JSRR, Article no. JSRR.2013.028

414

Fig. 3. Comparison of effect of subcutaneous administration of ranitidine + histamine
on gastric acid secretion in different experimental groups

Mean ± S.E.M = Mean values ± Standard error of means of six experiments.

3.4 Mucus Secretion (Weight)

The mean mucus secretion in the control, diabetic untreated and diabetic treated rats were
1.17 ± 0.01, 0.46 ± 0.06 and 0.89 ± 0.03g respectively. The mean mucus secretion was
significantly (p=.001) lower in the diabetic untreated and diabetic treated groups compared
with control. The mucus secretion in diabetic treated group was significantly (p=.001) higher
compared with diabetic untreated group, Fig. 4.

Fig. 4. Comparison of mean mucus concentration in the different experimental groups
Test drugs:  significant from normal control, ***P=.001 vs control, c = P=.001 vs diabetic-untreated.

Mean ± S.E.M = Mean values ± Standard error of means of six experiments

FIG. 4.1 Fasting blood glucose in control, DM and DMT
experimental groups of rats. Values are mean + SEM, n = 6.

***P<0.001, **P<0.01 vs control; c = P<0.001 vs DM.

0

0.2

0.4

0.6

0.8

1

1.2

1.4

Group

M
uc

us
 (g

)

Control
DM
DMT

***

***, c

Okon et al.; JSRR, Article no. JSRR.2013.028

414

Fig. 3. Comparison of effect of subcutaneous administration of ranitidine + histamine
on gastric acid secretion in different experimental groups

Mean ± S.E.M = Mean values ± Standard error of means of six experiments.

3.4 Mucus Secretion (Weight)

The mean mucus secretion in the control, diabetic untreated and diabetic treated rats were
1.17 ± 0.01, 0.46 ± 0.06 and 0.89 ± 0.03g respectively. The mean mucus secretion was
significantly (p=.001) lower in the diabetic untreated and diabetic treated groups compared
with control. The mucus secretion in diabetic treated group was significantly (p=.001) higher
compared with diabetic untreated group, Fig. 4.

Fig. 4. Comparison of mean mucus concentration in the different experimental groups
Test drugs:  significant from normal control, ***P=.001 vs control, c = P=.001 vs diabetic-untreated.

Mean ± S.E.M = Mean values ± Standard error of means of six experiments



Okon et al.; JSRR, Article no. JSRR.2013.028

415

3.5 Comparison of Ethanol – Induced Ulcer in the Different Experimental
Groups

The mean ulcer score for control rats was 7.3 ± 0.40, diabetic untreated rats was 18.1 ± 1.46
and for diabetic treated rats 14.3 ± 0.4. The result showed that the mean ulcer score was
significantly higher in diabetic untreated than in control rats (p=.01). The mean ulcer score
was significantly higher in diabetic treated rats than in control (P=.01) but lower than the
diabetic untreated group (P=.01), Fig. 5.

Fig. 5. Comparison of mean ulcer score in the different experimental groups
Test drugs:  significant from normal control, ***P=.001 vs control, a = P=.05 vs diabetic-untreated.

Mean ± S.E.M = Mean values ± Standard error of means of six experiments

3.6 Fasting Blood Glucose in the Different Experimental Groups of Rats

The mean values of fasting blood glucose in the control, DM and DMT experimental groups
were 2.46 ± 0.192, 28.2 ± 1.52 and 16.5 ± 1.21mmol/l for control, DM and DMT groups
respectively. All the groups were significantly different. The DM and DMT groups were
significantly higher (p < 0.001) than the control. The DMT group was signifi-cantly lower (p <
0.01) than the DM group. (Fig. 6)

FIG. 4.1 Fasting blood glucose in control, DM and DMT
experimental groups of rats. Values are mean + SEM, n = 6.

***P<0.001, **P<0.01 vs control; c = P<0.001 vs DM.
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Fig. 6. Fasting blood glucose in the control, DM and DMT experimental groups of rat
Test drugs:  ***P<0.001, **P<0.01 vs control; c = P<0.001 vs DM

Mean ± S.E.M = Mean values ± Standard error of means of six experiments

3.7 Histological Pictures of Ulcer Score in Different Experimental Groups

Plate 1. Ulcer scores for control group
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Plate 2. Ulcer scores for diabetic untreated group

Plate 3. Ulcer score for diabetic treated group
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3.8 Discussion

The result from this study has confirmed the earlier reported hypoglycemic effect of Ocimum
gratissimum (OG). The blood glucose level in the DMT group was significantly lower than the
DM group. In the DM and DMT groups, the blood glucose level were significantly higher than
the control group, thus confirming the induction of DM by streptozotocin administration. The
blood sugar level in the DMT group did not return to the normal level but was significantly
lower (i.e. near normal) compared to the DM group.

The highest basal gastric acid output was obtained in the DM group, followed by the control
while the DMT group had the least. As noted earlier, since gastric acid secretion is
dependent on the integrity of the vagal nerves, chemo – and mechanoreceptors,
neuropeptides and hormones, an effect of diabetes is to be expected. In so – called early
diabetes, peak acid output was reported to be normal after histamine and pentagastrin
administration, but the response to sham feeding or insulin – induced hypoglycemia was
reduced [34,35]. These observations suggest that vagal impairment may be responsible for
a decreased peak acid output. However, it should be recognized that impairment of the
gastric acid secretory responses to sham feeding and other stimuli may potentially be due to
hyperglycemia [36] rather than irreversible vagal neuropathy. The outcomes of rodent
studies that have evaluated the response to direct stimulation of parietal cells have been
conflicting. In some studies the acid secretory response to histamine was suppressed, while
others reported the opposite [8,37] possibly due to the duration of diabetes. Our study
showed peaked levels of gastric acid output in the control group followed by the DM group
and the DMT group still with the lowest, after histamine administration. However, the
reduced gastric acid secretion in the DMT group appears to be associated with the effect of
OG on lipid peroxidation. The influence of lipid peroxidation on plasma thyroxine (T4) and
triodothyronine (T3) which enhances Na+ – K+ ATPase activity in cells has been reported; the
enhancement of this enzyme increases a number of pump units which may likely increase
acid secretions [38]. Flavonoids, a major phytochemical constituent of OG have been
reported to inhibit lipid peroxidation in different systems [26]. Therefore, the reduction in
gastric acid output observed in the DMT group maybe related to the above activity of OG.
The DM group was prone to peptic ulcer due to increase basal gastric acid output. The DMT
group had decrease basal gastric acid output meaning that OG may be beneficial in
preventing peptic ulcer disease. Peak acid output following histamine administration was
lower in DM and DMT groups, suggesting impairment of histamine H2 receptors.

A major role for histamine in physiological regulatory mechanism of gastric acid secretion
was established with the advent of the histamine H2- receptor antagonists, which have in
vivo been shown to inhibit virtually all forms of basal and stimulated secretion [39].
Potentiating interactions between histamine and the other secretory stimulants at the parietal
cell level have led to the hypothesis that histamine acts in a permissive role, markedly
amplifying the effect of gastrin and acetylcholine on parietal cell receptors [40]. It is the
removal of this permissive effect of histamine which accounts for the inhibitory actions of H2-
receptor antagonists such as ranitidine that was used in this study.

From our result therefore, OG appears to act as histamine H2-antagonists to inhibit gastric
acid secretion. It is also possible that OG might have blocked the activity of gastrin in
stimulating the histamine forming enzyme, “histidine decarboxylase”. The antioxidants
phytoconstituents of OG could also contribute to its anti-ulcerative properties probably acting
through activation of non enzymatic and enzymatic antioxidants and some related growth
factors.
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The adherent mucus mass was heaviest in the control group followed by the DMT group
and, the DM group was the least. This may be one of the causes of the high incidence in
peptic ulcer score obtained in DM in this study. Since mucus protects the mucosa against
high acidity and mucus secretion was the least in the DM group, there was a higher
incidence of ulcer score in the DM group. This may also explain the high basal acid output in
the DM group since mucus entraps bicarbonate ions that neutralize gastric acid [31].

Therefore, reduced mucus secretion will favour high basal gastric acidity as was the case in
the DM group. Alanko et al. [26] had reported that the flavonoid constituent of OG have
membrane stabilizing properties and also increase mucosal content of prostaglandins. The
latter enhances mucus production from the gastric mucosa [41]. This may then explain the
higher mucus secretion in the OG treated group when compared to the DM group.

Different mechanisms are involved in the formation of gastric mucosal lesions. Gastric
ulceration occurs when there is an imbalance between protective and aggressive factors.
The highest ulcer score was recorded in the DM groups, seconded by the DMT group. The
control group had the lowest score. From this result it is possible that diabetes is a risk factor
in the development of gastric ulcer disease. Helicobacter pylori infection is currently
regarded as the main causative factor for gastritis and is responsible for the vast majority of
peptic ulcer [42]. However, studies investigating the association of H. pylori infection with
diabetes have yielded inconsistent results, with a substantial variation in the reported
prevalence from 30 percent to 80 percent [43,44,45]. However, this study did not investigate
the presence of H. pylori. The high basal acid output and low mucus secretion are the likely
factors contributing to the higher incidence of ulcer scores in the DM group.

4. CONCLUSION

The results from this study has demonstrated the ulcerogenic effect of DM and has given
indication that treatment with OG mitigate this diabetic complication by reducing gastric acid
secretion and increasing gastric mucus secretion.
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