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Abstract: Myristica fragrans seeds are traditionally used to treat dyspepsia, vomiting and abdominal 
pain. The purpose of this study was to investigate the protective effect of Myristica fragrans in ethanol 
induced gastric ulcer. Study was carried out on rats, divided into four groups; negative control, positive 
control, standard drug control, and Myristica fragrans extract treated rats. The pH, ulcer index, acidity 
values and histopathological examination of stomach were evaluated. Myristica fragrans significantly 
(P<0.05) reduced gastric lesions by 41.68% in ethanol induced ulcer model at 200 mg/kg when compared 
to sucralfate (60.41%). However, histopathological findings appeared similar in Myristica fragrans extract 
treated and standard drug control groups, where stomachs were found with mild erosion of superficial 
epithelium and few infiltrated inflammatory cells. pH of gastric contents of rats from extract treated was 
increased (4.25 ± 0.25) as compared to positive control group (2.25 ± 0.25). Ulcer index of extract treated 
rats was improved (41.74%). Moreover, total acidity of extract treated group (60.0 ± 0.47) was decreased 
as compared to control group (74.50 ± 1.04). It is concluded that Myristica fragrans showed significant 
protecting activity in ethanol induced ulcer. Isolation and purification of phytochemicals responsible for 
gastroprotective activity becomes necessary.
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INTRODUCTION

Peptic ulcer disease and its complications remain 
the cause of significant morbidity worldwide, being 
a major burden for health care organizations (Tanih 
et al. 2010). Although effective anti-ulcer drugs 
are available, most of them produce many adverse 

effects and toxicities, thus focusing attention on 
the need to search for new alternatives (Prabhu 
and Shivani 2014). Ulcer is basically an inflamed 
rupturing in the mucus membrane layer of digestive 
tract (Pradhan et al. 2013). Factors involved in the 
development of peptic ulcers are Helicobactor 
pylori infection, chronic use of NSAIDs, acid 
hypersecretory state (Zollinger-Ellison syndrome), 
and tumors as well as environmental factors 
like smoking and excessive use of alcohol 
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(Malfertheiner et al. 2009). Essential symptoms of 
peptic ulcer include episodes of distress, epigastric 
pain with burning sensation, pain during empty 
stomach or after food intake, pain provoked night 
time awakening, in addition to common symptoms 
like vomiting, loss of appetite, heart burn and  
intolerance to fatty diet (Ramakrishnan and Salinas 
2007). 

Myristica fragrans (Nutmeg) belongs to family 
Myristicaceae. Its seeds are being used widely as 
spice for curry powders, drinks, teas and also in 
alcohol. It helps in digestion of food and is used by 
bakeries in baked food, drinks, syrups and sweets. 
It has strong flavor and taste. Its oil is being used in 
perfumeries and also in pharmaceutical industries 
(Rancy and Krishnakumari 2015). Myristica 
fragrans has analgesic, anti-inflammatory and 
antithrombotic effects (Olajide et al. 1999). It is 
also used as astringent, hypolipidemic, aphrodisiac 
and antifungal agent (Sonavane et al. 2002). It 
also possessed anti-cancer activity (Raut and 
Karuppayil 2014). It has shown antimicrobial 
activity  against Bacillus subtilis, Staphylococcus 
aureus, Pseudomonas putida, H. pylori and 
Pseudomonas aeruginosa, Aspergillus fumigatus, 
Aspergillus niger, Aspergillus flavus (Dorman and 
Deans 2004). 

Physiologically, peptic ulcer may be caused 
due to increase in reactive oxygen species (ROS) 
(Fornai et al. 2011). The only safe alternative to 
endogenously producing antioxidants is the use 
of natural antioxidants and it has been shown 
that Myristica fragrans has antioxidant activity 
(Gupta et al. 2013). Gastro-protective activity of 
Myristica fragrans has not been studied yet. The 
aim of the present study was to evaluate its gastro-
protective activity in ethanol-induced gastric ulcer 
model in Wister albino rats. Gastro-protective 
activity of Myristica fragrans was investigated 
by determination of gastric pH, free acidity, ulcer 
index scoring and on histopathological basis. 

MATERIALS AND METHODS

COLLECTION OF PLANT SEEDS

Myristica fragrans seeds were obtained from 
Gulberg Lahore, Pakistan. Specimen was confirmed 
by Prof. Dr. Zaheer-ul-Deen at the Department of 
Botany, Government College University, Lahore 
(Voucher no. 3488). Seeds were deposited at the 
herbarium sheet in the herbarium.

PREPARATION OF PLANT EXTRACT

Seeds of Myristica fragrans were brought form 
the local market in Lahore. They were finely 
chopped and grinded into fine powder under 
sterile conditions. Powder was then dried at room 
temperature for 3 days and is then macerated 
in 1000 ml of 70% ethanol for 72 hours with 
continuous stirring. The mixture was filtered 
through Whatman (no.1) filter paper to obtain a 
pure extract. Extract was then subjected to rotary 
evaporator for drying and concentrating at 27°C, 
keeping the pressure at 600 mmHg and R.P.M 60. 
It was then kept in an oven for further drying for 
the period of one week (Tomar and Shrivastava 
2016). The extract was suspended with 2.5% tween 
80 and then dissolved in normal saline (Olajide et 
al. 1999). The extract yield was calculated by using 
the following formula.

ANIMALS

The study protocol was approved by the The 
University of Lahore Animal Ethics Committee 
(PHMY-10/2017). Twenty five adult Wistar albino 
rats weighing 150-300 g were obtained from animal 
house of the University of Lahore. The rats were 
acclimatized to the laboratory conditions for 7 days 
with the complete access of food and water. Rats 
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were randomly divided into four groups (n=5) and 
were then treated for fifteen days (Park et al. 2015).

ETHANOL INDUCED GASTRIC ULCER MODEL AND 
DOSING

Rats were fasted for 48 hours before administration 
of absolute ethanol (5 ml/kg) for the induction of 
gastric ulcer model (Park et al. 2015). The dosing 
was performed as follows; Group A (Negative 
control): received 2 ml of distilled water once a 
day for fifteen days, group B (Positive control); 
received 90% ethanol (5 ml/kg) only once a day 
of for fifteen days (Abebaw et al. 2017), group C 
(Standard drug control); received sucralfate (100 
mg/kg) once a day for fifteen days (Abebaw et al. 
2017), group D (Extract treated); received extract 
of Myristica fragrans seeds (200 mg/kg) once a 
day for fifteen days. Groups C and D received 
sucralfate and extract of Myristica fragrans seeds 
respectively one hour before the administration 
of ethanol once a day for all 15 days (Somani and 
Singhai 2008). 

PHYTOCHEMICAL SCREENING

Tests for flavonoids, terpenoids, alkaloids, saponins, 
steroids, glycosides, phenols, diterpenes, quinones, 
tannins and phlobatannins, were performed for 
phytochemical analysis of ethanolic extract of 
Myristica fragrans as described earlier (Gayathri 
and Anuradha 2015).

DETERMINATION OF pH

Gastric juice obtained from the stomach of rats 
were directly projected for testing of pH with 
litmus paper (More et al. 1983).

DETERMINATION OF TOTAL ACIDITY

Gastric juice was diluted with 1 ml of distilled 
water and then taken into a conical flask and then 
two to three drops of phenolphthalein indicator 
was added and titrated against 0.01N NaOH until 

a permanent pink color was seen. The volume of 
0.01N NaOH used was noted. The total acidity was 
expressed as mEq/L and calculated by the given 
formula (Abebaw et al. 2017):

MACROSCOPIC EVALUATION

The stomach was opened and rinsed with distilled 
water to remove gastric contents and examined 
by a magnifying glass to assess for the induction 
of ulcers. Scoring of ulcer was made as follows: 
normal colored stomach (0), red coloration (0.5), 
spot ulcer (1), hemorrhagic streak (1.5), deep ulcers 
(2), perforation (3) as described earlier (Dashputre 
and Naikwade 2011).

DETERMINATION OF ULCER INDEX

The Ulcer index (UI) was calculated by,
UI = (Un + Us+ Up) × 10-1

Whereas; Un = average number of ulcers per 
animal, Us = average number of severity of scores  
Up = percentage of animals with ulcers and % 
protection = (C-T/C) X 100  
Where C = ulcer index in control group, T = ulcer 
index in treated group (Ozbakiş and Gürsan 2005).

HISTOPATHOLOGICAL STUDIES

For histopathological studies, small portions of 
stomach from each experimental group was fixed 
in 10% formalin and immersed in paraffin. Sections 
of 5 µ were taken with a standard microtome and 
stained with hematoxylin and eosin. The sections 
were examined for presence of degenerative and 
necrotic features (Boligon et al. 2014). 

STATISTICAL ANALYSIS

Data was expressed as mean ± standard error of 
mean and statistically evaluated using one-way 
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analysis of variance, followed by Tukey’s multiple 
comparison tests using SPSS software version 20. 
P<0.05 was considered as significant.

RESULTS AND DISCUSSION

Human beings rely on nature for their health needs. 
To improve quality of life, there is increasing 
demand for usage of medicinal plants and 
phytochemicals. Myristica fragrans, commonly 
known as nutmeg, belongs to family Myristicaceae. 
Seeds of the plant have been traditionally used as 
spice for curry powders, drinks, teas and in alcohols. 
Nutmeg improves digestive system and is used in 
baked foods, drinks, syrups and sweets (Jaiswal et 
al. 2009). Myristica fragrans has analgesic, anti-
thrombotic, anti-cancer and anti-inflammatory 
activity (Olajide et al. 1999, Raut and Karuppayil 
2014). It is also used as astringent, hypolipidemic, 
aphrodisiac and antifungal agent (Sonavane et 
al. 2002). It has showed antimicrobial activity 
against Bacillus subtilis, Staphylococcus aureus, 
Pseudomonas putida, Helicobactor pylori and 
Pseudomonas aeruginosa, Aspergillus fumigatus, 
Aspergillus niger, Aspergillus flavus (Dorman and 
Deans 2004). Phytochemical analysis of the plant 
revealed the presence of active constituents such 
as alkaloids, flavonoids, tannins, phlobatannins, 
quinones, anthraquinones, acids, resins, terpenoids, 
fatty acids, volatile oils and glycosides (Gayathri 
and Anuradha 2015).

Gastro-protective activity of Myristica fragrans 
has not been studied yet. The aim of the present 
study was to evaluate its gastro-protective activity 
in ethanol-induced gastric ulcer model in Wister 
albino rats. Gastro-protective activity of Myristica 
fragrans was investigated by determination of 
gastric pH, free acidity, ulcer index score and on 
histopathological basis. 

Ulcer can be induced by administration of 
H-pylori, non-steroidal anti-inflammatory drugs 
and by environmental and life style factors (Prabhu 

and Shivani 2014). Daniel Hollander and his 
colleagues induced ulcer with ethanol in rats to 
evaluate the gastro-protective activity of sucralfate 
first time in 1985 (Hollander et al. 1985). Alcohol 
consumption has stimulatory effect on gastric 
mucosa via cholinergic system. It stimulates parietal 
cells and increases level of cAMP and histamine 
release leading to increased gastric and mucosal 
secretions (Bujanda 2000).  Administration of 
alcohol is thought to cause direct damage in 
gastric mucosa leading to gastric lesions, edema, 
inflammation, hemorrhage and congestion of blood 
vessels (Terano et al. 1989, Zakaria et al. 2011).

Phytochemical screening of ethanolic extract 
of seeds of Myristica fragrans showed the presence 
of flavonoids, tannins, terpenoids, alkaloids, 
saponins, steroids, glycosides, diterpenes and 
phenols as shown in Table I. Our findings were in 
accordance with previous studies (Gayathri and 
Anuradha 2015, Rancy and Krishnakumari 2015, 
Tomer and Shrivastava 2016). It is well known 
that flavonoids also show anti-ulcer and anti-
inflammatory activities and most of the flavonoids 
are strong antioxidants (Rancy and Krishnakumari 
2015). 

For the evaluation of gastro-protective  activity 
of plants, ethanol induced ulcer models are mostly 
preferred (Sowndhararajan and Kang 2013). 
Histopathological studies of gastric mucosa showed 
the erosion of superficial epithelium, infiltration of 
mononuclear cells in mucosa, hemorrhage in lamina 
propria, degenerative changes in gastric glands, 
congestion of blood vessels and gastric lesions in 
our ethanol induced ulcer model as shown in Figure 
1b. Pre-treatment with sucralfate and ethanolic 
extract of Myristica fragrans considerably reduced 
these changes in gastric mucosa and provided 
protection against alcohol induced gastric lesions 
(Figure 1c and d, respectively). 

Ulcer occurrence leads to increase in total 
acidity of the gastric contents present in the stomach 
(Boligon et al. 2014). In present study, the pH 
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tended to be more towards basic in standard drug 
control group and group D (extract treated) when 
compared to pH of the group A (negative control) 
and group B (positive control) (P value < 0.05) as 
shown in Figure 2 and Table II. The total acidity 
value was higher in the group A (negative control) 
and group B (positive control) when compared 
to group C (standard drug control) and group D 
(extract treated) (P value < 0.05) as shown in Figure 
3 and Table III.  Our fi ndings were in accordance 
with all of the previous studies which have been 
performed to measure the diff erence between pH 
and total acidity of animals of disease and extract 
treated groups (Abebaw et al. 2017, Chatterjee et 
al. 2012, Pradhan et al. 2013).

Overall, our results showed that Myristica 
fragrans has signifi cant eff ect on protecting and 
treating gastric ulcer induced by ethanol. Myristica 

fragrans significantly (P<0.05) reduced gastric 
lesions by 40.98% in ethanol induced ulcer models 
at 200 mg/kg when compared to sucralfate (100 mg/
kg) which reduced gastric lesions (60.41%) as 
shown in Table VI. 

Figure 1 - Negative control (a), histopathological damage of gastric tissues from Positive control group (b), Standard drug control 
group (c) and Extract treated group of rats (d). Sloughed off  superfi cial layer, infl ammatory cells infi ltration, gastric glands necrosis 
can be seen (b). Mild erosion of superfi cial epithelium with denuded epithelial cells, mild hemorrhages in lamina propria, very few 
infl ammatory cells were detected in standard control group of rats (c). Most of epithelial cells were normal but few denuded simple 
columnar epithelial cells were detected in superfi cial surface of mucosa, gastric glands near basement membrane of mucosa were 
normal, blood vessels in submucosa were congested (d).

Figure 2 - Determination of the pH of gastric contents from 
normal control, diseased control (5ml/kg), sucralfate treated 
(100mg/kg) and Myristica fragrans extract treated (200mg/
kg) group of rats (*P<0.05; compared to control group, 
**P<0.05 compared to positive control group; n=5).
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TABLE I
Phytochemical screening of the ethanolic extract of 

Myristica fragrans (M.F).
No. Plant constituents Ethanolic extract of M.F
1 Flavonoids +
2 Tannins +
3 Phlobatannins +
4 Terpenoids +
5 Alkaloids +
6 Saponins +
7 Steroids +
8 Glycosides +
9 Diterpenes +

10 Phenols +

Figure 5 - Calculation of Ulcer index (UI) from negative 
control, positive control, standard drug control and Myristica 
fragrans extract treated (200mg/kg) group of rats (*P<0.05; 
compared to negative control group, **P<0.05 compared to 
positive control group; n=5).

Figure 3 - Determination of total acidity of gastric contents 
from negative control, positive control, standard drug control 
and Myristica fragrans extract treated group of rats (*P<0.05; 
compared to negative control group, **P<0.05 compared to 
positive control group; n=5).

Figure 4 - Macroscopic evaluation of the stomach from 
negative control, positive control (5ml/kg), standard drug 
control and Myristica fragrans extract treated (200mg/kg) 
group of rats (*P<0.05; compared to negative control group, 
**P<0.05 compared to positive control group; n=5).

On macroscopic evaluation of gastric mucosa, 
rats present in group C (standard drug control) 
and group D (extract treated) has signifi cantly less 
ulcer scoring than that of disease induced group 
(P value <0.05) as shown in Figure 4 and Table 
IV. Ulcer index has signifi cantly reduced in group 

C (standard drug control) and group D (extract 
treated) as compared to group B (positive control) 
(P value <0.05) as shown in Table V and Figure 5.

In conclusion, the results of the present study 
strongly indicated the gastro protective eff ects of 
ethanolic extract of the seeds of Myristica fragrans
in ethanol induced gastric ulcer. The ameliorating 
eff ect of ethanolic extract of Myristica fragrans 
against gastric ulcer might be assigned to the 
observed anti-oxidative and anti-inflammatory 
properties of flavonoids present in Myristica 
fragrans. It is well known that fl avonoids show 
anti-ulcer and anti-inflammatory activities and 
most of the flavonoids are strong antioxidants. 
However further studies are warranted to examine 
the gastro protective effi  cacy of Myristica fragrans
in a clinical setup.
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TABLE III
Determination of total acidity of gastric contents from negative control (group A), positive control (group B), standard 

drug control (group C) and extract treated group of rats (*P<0.05; compared to negative control group, **P<0.05 
compared to positive control group; n=5).

Parameter
Group A

(Mean±SEM)
Group B

(Mean±SEM)
Group C

(Mean±SEM)
Group D

(Mean±SEM)
Acidity 49.75 ± 0.47 74.50 ± 1.04* 54.0 ±1.35** 60.0 ± 0.47**

TABLE IV
Macroscopic evaluation of the stomach from negative control (group A), positive control (group B), standard drug control 

(group C) and extract treated group of rats (group D) (*P<0.05; n=5).

Parameter
Group A

(Mean±SEM)
Group B

(Mean±SEM)
Group C

(Mean±SEM)
Group D

(Mean±SEM)
Macroscopic 
Evaluation 0.0 ±0.0 1.5 ± 0.2 0.5 ± 0* 1.1 ± 0.2*

TABLE V
Calculation of Ulcer index (UI) from negative control (group A), positive control (group B), standard drug control (group 

C) and extract treated group of rats (group D) (*P<0.05; n=5). (Un: average number of uclers per animal, Us: average 
number of severity of scores, Up: percentage of animals with ulcers , UI: ulcer index).

Groups Un Us Up UI
A 0 0 0 0 ± 0
B 30.2 3.02 100 13.32 ± 0.36
C 11.4 1.34 40 5.27 ± 0.59
D 15.8 1.87 60 7.76 ± 0.007

TABLE VI
%age gastric ulcer protection in standard drug control (group C) and extract treated group of rats (group D) (n=5).

Groups Ulcer Index (UI) Percentage gastric ulcer protection
A 0 -
B 13.32 ± 0.036 0%
C 5.27 ± 0.595 60.41%
D 7.76 ± 0.007 41.68%

TABLE II
Determination of the pH of gastric contents from negative control (group A), positive control (group B), standard drug 

control (group C) and extract treated group of rats (*P<0.05; compared to negative control group, **P<0.05 compared to 
positive control group; n=5).

Parameter
Group A

(Mean±SEM)
Group B

(Mean±SEM)
Group C

(Mean±SEM)
Group D

(Mean±SEM)
pH 3.0 ± 0.0 2.25 ± 0.25* 5.0 ± 0.4** 4.25 ±0.25**
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