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INTRODUCTION
Herbal medicine is the oldest form of healthcare 
known to human kind, plants have been used by all 
cultures throughout history. Medicine of plant origin 
is based upon the premise that plants contain natural  
substances that have forever been a catalyst in the healing 
process.1

Ulcer and inflammation are diseases that affect millions  
of people worldwide.  Gastric ulcer, one of the most 
widespread, is believed to be due to an imbalance 
between aggressive and protective factors.2 Inflam-
mation is a process mediated by a variety of signalling 
molecules produced by cells, platelets, as well as by the 
activation of complement factors which bring about 
edema formation because of extravasation of fluid and 
proteins and accumulation of leukocytes at the inflam-
matory site.3

The aerial parts of Gladiolus segetum (Iridaceae) have 
been traditionally used for the treatment of various  
diseases of digestive system, infertility and other 
inflammatory affections in the Mediterranean region. 
The objective of this investigation was to evaluate 
the anti-ulcer and anti-inflammatory activities of the  
methanol extract from aerial parts of Gladiolus segetum 
(MEGS) in rats.

MATERIALS AND METHODS
Collection of plant material
Gladiolus Segetum was collected in May 2015 from 
Batna, Algeria and identified by Professor Bachir Oud-
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jehih (department of Agronomic, university Batna1). 
The voucher specimen number is 183DAUB2004 
was deposited in the herbarium of the above-men-
tioned department.

Preparation of extract

The aerial parts of Gladiolus Segetum were shade 
dried and powdered; 600 g of powder was  macerated 
sequentially using hexane, chloroform, ethyl acetate, 
and methanol (Solvents of increasing polarity).

Animals
The study was carried out in healthy Wistar rats 
of both sex, weighing 120-205 g. The animals were 
obtained from the Institute Pasteur of Algeria. They  
were acclimated to the laboratory condition for  
7 days before the experimental studies. The rats were 
housed in polypropylene cages under controlled 
conditions of light/dark (12 h/12 h) at temperature 
of (23±2) °C under strict hygienic conditions. Stan-
dard food pellets and tap water ad libitum was used.

Acute oral toxicity study
Acute toxicity study was performed according to 
organization for economic co-operation and devel-
opment (OECD) guidelines 423 (OECD, 2001) 
where the limit dose of 2000 mg/kg body weight 
(b.w.) was used.4
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Female albino rats were divided into 2 groups (n=5), control and 
test group. The animals were fasted for 24 h with free access to water 
only. Control group received normal saline (0.9%) as vehicle at a 
dose volume of 10 mL/kg b.w. whilst the test group received sin-
gle oral dose of 2000 mg/kg b.w. of MEGS (10mL/ kg b.w. in normal 
saline). The methanol extract was administered orally. After extract 
administration, the animals were observed continuously for the  
first three hours, for any toxic manifestation like increased motor activity,  
salivation, acute convulsion, coma and death. Then, daily thereafter, for 
a total period of 2 weeks. On the sacrifice day, blood was withdrawn 
through cardiac puncture from the posterior vena cava of all rats under 
ether anesthesia.

Hematological and biochemical analysis
The blood was collected in two types of tubes: one with EDTA for hema-
tological analysis and the other without any additives for biochemical 
analysis.
The blood for hematological assay was immediately analyzed using a 
hematological analyzer (Siemens’ high-volume hematology analyzer; 
ADVIA® 2120i). The parameters measured were red blood cell (RBC), mean 
cell volume (MCV), red cell distribution width (RDW), hematocrit 
(HCT), platelets (PLT), mean volume of platelets (MPV), white blood 
cell (WBC), hemoglobin (HGB), mean corpuscular hemoglobin (MCH), 
mean corpuscular hemoglobin concentration (MCHC), lymphocyte % 
and lymphocytes number (lymph no).
The blood in the second tube was allowed for complete clotting for a 
minimum of 3 h. The serums were collected and transferred into another 
tube to be centrifuged at 3000 rpm at 4°C for 10 min. The serums were  
immediately analyzed using a COBAS INTEGRA® 400 plus auto analyzer.  
Biochemical parameters values determination was for liver profile were  
total bilirubin (BilT), alanine aminotransferase (ALT) and aspartate  
aminotransferase (AST). Renal profile parameters measured were urea, 
creatinine and other parameters were glucose and HDL-Cholesterol, 
LDL-Cholesterol, cholesterol and triglycerides for lipid profile.

Experimental design and Gastric ulcer induction
Male albino rats were divided into 5 groups of 5 animals each. Animals 
were fasted for 24 h before the study,5 but had free access to water. Animals  
in the control group received only normal saline. Methanol extract of 
G.Segetum at dose levels of 100, 250 and 500 mg/kg b. w. were given to 
animals (treatment groups). Omeprazole (30 mg/kg) was used as a stan-
dard. After 1 h, all the animals received 0.5 mL of 90% ethanol. One hour 
after, the animals were sacrificed, and the stomach of each rat was taken, 
open according to the greater curvature by means of a chisel, washed 
with normal saline. Then fixed in a formal 10% for 5 minutes. The length 
of each ulcer was measured with a ruler in mm, the number and severity 
of the ulcers were determined on a scale.6

0 no lesion

1 1-3 small lesions (≤10mm length)

2 1-3 large lesions (>10mm length)

3 1-3 thickened lesions

4 more than 3 small lesions

5 more than 3 large lesions

6 more than 3 thickened lesions

Determination of ulcer index
The ulcer index (UI) of each stomach was expressed as the sum of its 
scores. In addition, the percentage of protection (PP) was calculated 
according to the following formula: 7

%
(

Inhibition of Ulceration
Ulcer index control Ulcer index Test

U
=

−
llcer index control

×100

Egg albumin induced paw edema test 
The anti-inflammatory activity of the tested extract was evaluated in 
adult male albino rats by the fresh egg albumin induced paw edema 
method.8 Five groups of rats were fasted overnight before the experi-
ment with free access to water. Rats of the first (control) and the second 
(standard) groups (5 animals each) were treated orally with the normal 
saline (10 mL/kg) and the standard drug dichlofenac sodium (30 mg/kg) 
respectively. 
Rats of the 3rd to 5th groups (n = 5) were orally administered the MEGS, 
the extract was given at three doses levels: 100, 250 and 500 mg/kg b.w. 
After 30 min, acute inflammation was induced by sub plantar injection 
of 0.1 ml fresh egg albumin in normal saline into the left hind paw of 
all rats. Paw thickness of each rat was measured in mm using a digital 
verniercaliper. The paw volume was measured at 1,2,3,4 and 5 hours after  
fresh egg albumin injection. Percentage of inhibition of edema was  
calculated as follows:9

% ( ) ( )
( )

Inhibition of edema tCn tC tTn tT
tCn tC

=
− − −

−








×

0 0
0

100

Where:  tCn = paw thickness at time point of control animal; tC0 = paw 
thickness before induction; tTn = paw thickness at time point of treated 
animal; and tT0 = paw thickness before induction. 

Statistical analysis
The results are expressed as the mean ± SEM (n= 5). Statistical comparisons 
between the data for the control  and  treatment  group were performed  
using  the Student’s t-test for the acute oral toxicity. Moreover, one-way 
analysis of variance (ANOVA) followed by Dunnet’s test were used to  
compare the rest of results. Values were considered statistically significant 
at p<0.05.

RESULTS
Acute Oral Toxicity Study
Acute toxicity studies of MEGS were carried out in female wistar rats 
at dose of 2000 mg/kg body weight. Oral administration of the extract 
was observed to have zero mortality and no adverse effects in any of the 
treated animals up to the dose of 2000 mg/kg body weight within 24 h 
of treatment. 
Moreover, there was no toxic symptoms or death was observed even after 
14 days of oral administration of MEGS to the rats. In case of hematolog-
ical and biochemical parameters (Table 1 and 2) no significant changes 
were observed compared to the control group.

Evaluation of Anti-ulcer activity
Pre-treatment with ethanol at dose of 0.5 ml/kg showed ulcers in the 
control animals. However, animals treated with MEGS at 100,250 and 
500 mg/kg b.w. doses showed significant (P<0.05) reduction in the ulcer 
index in a dose dependent manner (Table 3, Figure1). It showed 48.33, 60 
and 88.33% of ulcer inhibition at the dose of 100,250 and 500 mg/kg b.w. 
respectively. Whereas omeprazole showed 81.66% ulceration inhibition. 
The anti-ulcer effect of G. segetum methanol extract at a dose of 500 mg/
kg b.w. was greater than that of omeprazole (30 mg/kg b.w.).
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Table 1: Effect of MEGS and normal slain on hematological parameters in 
rats during the acute toxicity study.

Hematology parameters Control MEGS 2000 mg/kg BW

RBC(106xµL) 7.35±0.14 7.59±0.20ns

MCV(fL) 55.68±0.85 55.8±0.69ns

RDW(fL) 13.18±0.26 15.16±1.06ns

HCT (%) 40.92±0.48 42.26±1.61ns

PLT (10³/µL) 614.8±61.76 654.4±81.03ns

MPV(fL) 6.18±0.09 6.78±0.44ns

WBC (10³/µL) 6.10±0.69 6.22±0.70ns

HGB(g/dL) 14.5±0.17 14.7±0.41ns

MCH(pg) 19.74±0.25 19.38±0.15ns

MCHC(g/dL) 35.46±0.17 34.84±0.48ns

Lymphocyte no 4.24±0.51 4.64±0.75ns

Lymphocyte % 69.08±2.43 66.2±2.37ns

Values are represented as mean± SEM; n=5. ns: not significant compared to control.

Table 2: Effect of MEGS and normal slain on biochemical parameters in 
rats during the acute toxicity study. 

Biochemical parameters Control MEGS 2000 mg/kg b.w.

Lipid profile

Cholesterol (mmol/L) 0.57±0.04 0.66±0.02ns

Triglycerides (mmol/L) 0.83±0.10 1.5±0.32 ns

HDL-Cholesterol (mmol/L) 0.50±0.03 0.56±0.04ns

LDL-Cholesterol (mmol/L) 0.06±0.01 0.08±0.02ns

Glucose (g/L) 0.67±0.03 0.72±0.01 ns

Liver profile

AST (U/L) 131±5.54 112±1.81 ns

ALT (U/L) 86.2±7.13 83.2±2.67ns

Total bilirubin (mg/dL) 0.76±0.04 0.58±0.03ns

Rénal profile

Urea (mg/L) 0.30±0.01 0.31±0.01ns

Creat (mg/L) 4±0.01 3±0.00ns

Values are represented as mean± SEM; n=5. ns: not significant compared to control.

Table 3: Anti-ulcer effect of MEGS on Ethanol induced ulcers in rats.

Groups Treatment Dose(mg/kg) Ulcer Index (UI)

I Control 10 (mL/kg) 3.4±0.245

II MEGS 100 mg 1.8±0.3742**

III MEGS 250 mg 1.4±0.400***

IV MEGS 500 mg 0.4±0.2449***

V Omeprazole 30 mg 0.6±0.2449***

Values are represented as mean± SEM; n=5; *p < 0.05, **p < 0.01 and ***p < 0.001 
compared to control.

Figure 2: Anti-inflammatory effect of MEGS on egg-albumin induced 
paw edema test; [A] 100, [B] 250, [C] 500 mg/kg b.w. and [D] Dichlof-
enac sodium. Values are represented as mean± SEM (n=5). *p < 0.05, 
**p < 0.01 and ***p < 0.001 compared to control.

activity after 1h and 2h of treatment, but it showed a significant average 
activity after 3 h, 4h and 5h(P<0.001). The MEGS at 250 and 500 mg/kg  
b.w. significantly inhibited the edema formation induced by the injection of  
egg albumin after 1h (P<0.05) and (P<0.01) respectively and it showed 
more significant anti-inflammatory activity in the second phase of 
inflammation 3h to 5h (P<0.001).

DISCUSSION
In general, the safety studies on herbal medicines have been carried out 
by performing acute and sub-acute toxicity tests in laboratory animals.10 
in the present acute toxicity study, the oral administration of a single  
dose 2000 mg/kg of MEGS did not reveal any signs of toxicity or mortality  
in any animal during the entire observation period. Hematological and 

Figure 1: Percent of the Anti-ulcer effect of MEGS on Ethanol induced 
ulcers in rats.      Ome(Omeprazole). Values are represented as mean 
±SEM (n=5). *p < 0.05, **p < 0.01 and ***p < 0.001 compared to 
control.

Evaluation of Anti-inflammatory activity
MEGS showed a good anti-inflammatory activity (Table 4, Figure 2), 
suppressing the egg albumin induced edema both at the early and later 
phases. The highest inhibition of edema was obtained with 500 mg/kg 
b.w. (52.67%) at the 5th hour after drug administration. The MEGS at the 
dose level of 100 mg/kg b.w. did have a significant anti-inflammatory 
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biochemical parameters did not change significantly as compared to the 
control group. These results showed that the MEGS is safe and explained 
the utilisation of the plant in traditional medicine.
Ulcers are caused by the imbalance between aggressive and defensive  
factors of the gastric mucosa. Different therapeutic agents including 
plant extracts are used to inhibit the gastric acid secretion or to stimulate  
the mucosal defense mechanism. Mucosal defense mechanism is stimu-
lating by increasing the mucus production protecting the surface epithelial  
cells or interfering with the prostaglandins synthesis.11

The mechanisms involved in the gastric lesions induced by ethanol are 
complex and numerous, with venoconstriction, artery dilation, autacoids  
liberation.12,13 Ethanol has been reported to cause disturbances in gastric  
secretion, damage to the mucosa, alterations in the permeability,  
gastric mucus depletion and free radical production. This is attributed 
to the release of superoxide anion and hydroperoxy free radicals during 
metabolism of ethanol as oxygen derived free radicals has been found 
to be involved in the mechanism of acute and chronic ulceration in the 
gastric mucosa.14

Gastric lesion formation induced by ethanol may be due to stasis in  
gastric blood flow which contributes to the development of the haemor-
rhage and necrotic aspects of tissue injury. Alcohol rapidly penetrates  
the gastric mucosa apparently causing cell and plasma membrane damage 
leading to increased intra cellular membrane permeability to sodium 
and water. The massive intracellular accumulation of calcium represents 
a major step in the pathogenesis of gastric mucosal injury. This leads to 
cell death and exfoliation in the surface epithelium.15 The MEGS protect 
gastric mucosa of the rats from ulceration induced by ethanol may be  
due to both reductions in gastric acid secretion and gastric cytoprotection.
Inflammation is a complex biological response of vascular tissues inva-
sion by an infectious agent, antigen challenge, physical, chemical or 
traumatic damage. Although inflammation is a defence mechanism, the 
complex events and mediators involved in the inflammatory reactions 
can induce, maintain or aggravate many diseases.16 The non-steroidal 
anti-inflammatory drugs (NSAIDS) possess anti-inflammatory action 
for treating several inflammatory conditions including rheumatoid 
arthritis, osteoarthritis and musculoskeletal disorders, but prolonged 
use of NSAIDS has some associated adverse effects such as nausea, fluid  
retention, bleeding and gastric lesion.17 Therefore, new anti-inflammatory 
drugs devoid of these side effects are being researched on as alternatives 
to NSAIDS.
The earlier studies had indicated the use of egg-albumin as a phlogistic 
agent causes edema. Carrageenan and egg albumin induced paw edema 
methods are suitable for screen agents for anti-inflammatory activity, 
which are frequently used to assess the antioedematous effect of natural 
products.18,19 
Several inflammatory mediators like complement, histamine, kinins, 
prostaglandins and pro-inflammatory cytokines have been suggested to  
play a role in the mechanism of inflammation.20-21 Edema, which develops  
after egg albumin injection, is a biphasic event. The initial phase is attrib-

uted to the release of histamine and serotonin and lasting up to 2 h. While 
the later phase, occurring from 3 to 5 h after the injection of the irritant is 
induced by bradykinin, protease, prostaglandins and lysosome.22

It has been reported that the egg albumin acts prominently on the mast 
cells. Edema induced by it, appears to be mediated by histamine and 
serotonin. Inflammatory processes in which mast cells are prominently 
involved are inhibited by antihistaminic and antiserotonin compounds. 
The anti-oedematous effect showed by MEGS was significant during 
the first phase of edema development and significantly maintained in 
the second phase of the edema development, suggesting an inhibitory  
effect on the release of active pain substance such as histamine, serotonin,  
polypeptides or prostaglandins. It is assumed that at least some of these 
mediators are subjects of inhibition by the methanol extract of aerial 
parts of G. segetum. 
Phytochemical study of the aerial parts of the plant showed abundance of 
flavonoids, saponins, anthraquinones, triterpenes and phytosterols.23,24

Flavonoids have been reported to act in the gastrointestinal tract, having 
antispasmodic, anti-secretary, anti-diarrheal, antiulcer, and antioxidant 
properties. Flavonoids are among the cytoprotective materials for which 
anti-ulcer genic efficacy has been extensively confirmed.  They protect 
the gastric mucosa against a variety of ulcer genic agents via several 
mechanisms of action, mainly free-radical scavenging and antioxidant 
properties, increased mucus production, antisecretory action, and inhi-
bition of the Helicobacter pylori growth.25 Furthermore, flavonoids have 
been reported to possess potent inhibitory effect on enzymes involved in  
the production of the chemical mediators of inflammation and metabo-
lism of arachidonic acid.26,27 The presence of different classes of secondary  
metabolites especially flavonoids may be responsible for the anti-inflam-
matory and the anti-ulcer activities of this plant.

CONCLUSION
The present study confirmed the ethno pharmacological use of G. segetum  
as an antiulcer agent, that the methanol extract of aerial parts of  
G. segetum possess a potent ulcer healing effect and protection against 
characteristic lesions produced by ethanol administration and anti-
inflammatory properties. Further studies are necessary to elucidate the 
mechanisms involved in its biological activity and the mode of action on 
gastric acid secretion, gastric cytoprotection and understand the precise 
mechanism of action in anti-inflammatory activities by the methanol 
extract of aerial parts of G.segetum.
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Table 4: Anti-oedematous effect of MEGS on egg-albumin induced paw edema in rats.

Treatment Dose (mg/
kg)

Δ paw edema (mm)

1h 2h 3h 4h 5h

Control 10ml/kg 5.43±0.10 4.926±0.21 4.642±0.15 4.09±0.17 3.802±0.13

Dichlofenac 
sodium

30 4.96±0.55** 3.81±0.12** 2.71±0.08*** 1.946±0.07*** 1.24±0.03***

MEGS 100 5.04±0.12 ns 4.396±0.22ns 3.828±0.11*** 3.082±0.12*** 2.55±0.09***

MEGS 250 5.014±0.10* 4.196±0.18* 3.546±0.10*** 2.69±0.11*** 2.24±0.07***

MEGS 500 4.87±0.09** 4.06±0.17* 3.38±0.11*** 2.18±0.10*** 1.8±0.07***

Values are represented as mean± SEM; n=5; *p < 0.05, **p < 0.01 and ***p < 0.001 compared to control.
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ABBREVIATIONS
MEGS: Methanol Extract of Gladiolus Segetum; Ome: Omeprazole ; 
EDTA: Ethylene Diamine Tetra Acetic Acid.
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GRAPHICAL ABSTRACT SUMMARY

• The anti-ulcer effect of methanol extract of Gladiolus segetum at a dose of 500 
mg/kg b.w. was greater than that of omeprazole (30 mg/kg b.w.).

• Metanol extract of Gladiolus segetum showed a good anti-inflammatory 
activity,suppressing the egg albumin induced edema both at the early and 
later phases.

• There was no toxic symptoms or death was observed even after 14 days of 
oral administration of MEGS to the rats.

• The present study confirmed the ethnopharmacological use of Gladiolus sege-
tum as an antiulcer and anti-inflammatory agent.
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