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ABSTRACT
Background: Peptic ulcer is a disease affecting a large number of people, caused due to
various reasons including infection with H pylori, consumption of alcohol, NSAIDs and stress.
Although not a life-threatening disease, it causes undue distress and discomfort and accounts
for increased time off from work thereby leading to manpower and economic losses. In this
condition, histamine receptor blockers provide relief. Objectives: Natural remedies for peptic
ulcer have not been effectively utilized in clinical set up. In the present study, we evaluated
the effect of water extract of Glycyrrhiza Glabra L, commonly known as Liquorice on stressinduced gastric inflammation. Materials & Methods: Liquorice extract was prepared. Male
Wistar rats (n=5 in each group) were procured from the central animal house and divided
into four groups namely Group 1(control); Group 2 (low dose treatment); Group 3 (high dose
treatment) and group 4 (prophylactic). They were housed individually and subjected to restraint
stress in PVC pipes for 2 hours daily and their stomach was examined for ulcer in Licorice
(oral) fed groups and control. Results: Control group showed the inflammatory changes,
ulcer index showed a significant lesion, whereas the animals treated with low dose and high
dose showed proportionate decrease in the severity of inflammation as evidenced by the
histological features. Fourth group of rats which was treated prophylactically before they were
subjected to stress, showed no sign of stress-induced inflammatory changes in the gastric
mucosa. Conclusion: The results of this study strongly suggested that the G Glabra extract
reduces the inflammation and relieves the ulcers and also it can be used as a prophylactic
agent to prevent the peptic ulcer in vulnerable subjects.
Key words: Glycyrrhiza glabra, Immobilization stress, Peptic ulcer, Prophylactic use.

INTRODUCTION AND REVIEW OF
LITERATURE
Peptic ulcer is a common ailment which has a
prevalence rate of about 0.2% in the population
worldwide. The symptoms include dysphagia,
recurrent vomiting, weight loss, or blood in stools.
Gastric mucosal damage leading to ulceration
occurs due to stress,1 use of acetylsalicylic acid
(ASA), NSAIDs.2 It has also been known to occur
following bacterial infection, particularly by
Helicobacter pylori.3,4 Hypersecretion of gastrin
from gastrin secreting tumors have also been
implicated in development of gastric ulcers.5
Alcohol, histamine and capsaicin also cause
disruption of gastric mucosa leading to ulcers.
Currently peptic ulcers are treated using multiple
interventions depending upon the etiology. It
includes treating H pylori infection, by antibiotics;
Antihistamines like Ranitidine, and proton pump
inhibitors. Antacids are used in milder cases.
Avoidance of oral intake of NSAIDs and Aspirin,
and other gastric irritants also are useful. However,
some traditional treatments were also employed
which are less effective.
In a recent study,6 the effect of Liquorice and
a combination of other herbs namely, Pulasari
(Alyxia reinwardtii), and Sembung (Blumea
balsamifera) including a mixture of all these were
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tested in Gastric ulcer induced with Aspirin in rats.
The researchers noted the gastric protective effects of
these substances. Further, others7 have demonstrated
that Liquorice extract is effective in prevention of
adhesion of H.pylori in the gastric mucosa and thus
prevent the infection and hence prevent gastric ulcer.
Momeni et al.8 suggested that the G Glabra extracts
are as effective in prevention of H. Pylori as bismuth,
recommending that the patients who are unable
to take bismuth may be effectively treated with
Liquorice extract.
Meta-analysis of research data on the studies
involving treatment with G Glabra extract revealed
that it caused an increased diastolic blood pressure
in some trials.9 The glycyrrhetinic acid present
in the plant is believed to be responsible for this
action. Foster S et al.10 reported a case of a patient
with persistent hypertension with no apparent
cause, which was later attributed to consumption
of Liquorice tea, which coincided with each episode
of symptoms of hypertension. On stopping intake
of Liquorice tea, the patient turned normal. Similar
incidences were also reported in subsequent case
reports from India.11
Experimental gastric ulcer can be induced in many
ways in animals. Some tested methods include
injection of acetic acid.12 Others, researchers have
used water immersion restrain stress.13 Many other
methods of inducing ulcers include aspirin use,
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alcohol consumption etc. In the present study, we preferred the restraint
stress in rats, which also resulted in inflammatory changes in the gastric
mucosa.

pathological changes. Ulceration in the stomach following exposure
to the immobilization stress was confirmed. The Stomach of the stress
exposed rats were examined for inflammation and ulcers.

In the present study we evaluated the use of the herbal extract of
G. Glabra (commonly known as Liquorice) to treat the induced
gastric ulcers in the rat. We fed the animals which were exposed to
immobilization stress, with low dose and high dose of Liquorice
extract. The treatment groups were tested for the ulcers in the mucosa
of stomach and compared with the control untreated – stressed
animals. In another group, we fed the animal with Liquorice extract in
the days the stress was induced, to evaluate if the Liquorice is already
there in the stomach, then ulceration will appear or not. This gave us
the information regarding the ‘prophylactic use’ of Liquorice decoction
in the prevention of the damage to the gastric mucosa. This will help
in developing an effective herbal remedy for the disease, which is
accessible and inexpensive and with least side effects.

The Low dose treatment group received 100 mg/kg body equivalent
of the Liquorice water extract every day at 12.00 noon for 7 days,
following which they were sacrificed and their stomach was dissected
and observed for ulcers.

MATERIALS AND METHODS
Male Wistar albino rats (n= 5 each) weighing 150-200 g were procured
from the central animal house of our institution. They were housed
in standard laboratory conditions in plastic cages with paddy husk
bed and water and food pellets were made available ad lib. They were
divided into following groups, viz. Control group 1; Treatment Group
2: 5 days post stress induction – low dose; Group 3 - treatment – 5
days post stress induction – high dose (Total 20 + 4 rats). Group 4:
Prophylactic treatment – 5 days Stress + Liquorice.
Clearance for the study from the Institutional Ethical committee for
the experiments using animal, was obtained prior to commencement of
the study. The animals were housed in individual cages and subjected
to fasting for 24-36 hours prior to stress. Ulcers was experimentally
induced by method immobilization stress.1,14,15 Following treatment
and observations, the stomach was dissected out for observation and
measurement of ulcers.

The high dose group received 200 mg/kg body weight equivalent of
the Liquorice following the stress exposure, following the same time
schedule as above.
The next group received the Liquorice treatment along with the
exposure to stress, following the treatment period their stomach was
dissected out and tested for Ulcer.
Ulcer index was calculated following the method described previously.
The number and severity of lesions were evaluated. The following scores
were used: light (I), presence of edema, hyperemia and single petechiae;
moderate (II), presence of submucosal hemorrhagic lesions with small
erosions; severe (III), presence of hemorrhagic lesions with severe
erosions.
Ulcer Index (UI) = (nI) + (nII) 2 + (nIII) 3\ Number of animals Where:
n is the number of lesions.
The preventive effect was calculated by the method of Basile et al.17 as
follows: Prevention index (%) = UI Control – UI Treated\UI Control ×
100 UI Control = ulcer index in the negative control group UI Treated
= ulcer index in the group receiving HEGG.18

Liquorice powder was obtained from the market (Brand: Zandu
Pharma, manufactured by Emami Limited. India). 10 g of this powder
was mixed with 250 ml of water and the extract was prepared using
Soxhlet’s apparatus.16 This extract was stored in the refrigerator and
diluted to required dosage just before feeding the animals.

The rats were subjected to treatment with Liquorice water decoction by
using Soxhelt’s apparatus, known weight of the dry powder procured
from local market. They were tested for a period of five days following
inducing ulcers by restrain stress. The ulcers were evaluated by dissection
of stomach and measuring them after five days, and the ulcer index was
calculated. Comparison was done between the data from normal control
& stress induced treated and stress induced untreated rats. In the other
group, untreated and treated animals were evaluated for presence or
absence of ulcers on 6th day. Following the completion of experimental
procedure, the stomach tissue is processed for histological examination
by sectioning the wax blocks and observing the H & E stained slices
under microscope for the signs of ulceration and inflammatory changes
by following standard histopathology procedures.

Procedure for inducing stress

RESULTS

Rats were subjected to stress by immobilization. They were kept in a
PVC pipe of about 7 inches long and having a diameter of 1.5 inches.
The ends were covered by “end caps”. Rats were kept in this position for
2 hours at a stretch every day for five consecutive days. At the end of
this stress induction, the control rats were dissected and the stomach
was removed, opened through the greater curvature and washed
with normal saline, to observe the occurrence of ulcers. The inflamed
mucosa was the confirmatory test of the Ulcers. The ulcer index was
calculated using the formula given below.15

Results were analyzed using appropriate statistical methods. We found
severe inflammatory changes in the mucosa of stomach among the rats
exposed to immobilization stress. The mucosa was reddish, but the
ulceration was found only in patches (Figures 1 and 2).

Preparation of the water extract of Liquorice

Procedure of feeding
The rats were orally fed with the calculated dose of the stored water
extract using an oral gavage, every morning at 10.00 AM. The group
receiving prophylactic dosage was fed with the extract before the
restraining.

Experimental procedure
The control rats were sacrificed by inducing deep ether anesthesia
and opening the heart to bleed. Their stomach was dissected out,
cut open along the greater curvature and studied for anatomical and
Pharmacognosy Journal, Vol 11, Issue 6(Suppl), Nov-Dec, 2019

In the treated group, the mucosa was pale pink with milder degree of
inflammation (Figure 2).
Effect of Liquorice Treatment was dose dependent, and the low dose
group showed mild inflammation, while high dose of Liquorice
treatment showed near normal mucosa.
In the next group, we fed the animals with Liquorice extract daily
before exposing the rats to immobilization stress. We found that there
was neither ulceration nor inflammation in such animals.
Outcome of the result: Ulcer index was lower after the treatment with
Liquorice extract, in the untreated control it was high.

GROSS FEATURES
1. Control group: Severe inflammatory changes in the mucosa of
stomach was found among the rats exposed to immobilization stress.
1527
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Figure 1: Control Group: Severe inflammatory changes in the mucosa of stomach was found among the rats
exposed to immobilization stress. The mucosa was reddish, but the Ulceration was found only in patches.
Section of stomach showing inflamed mucosa in control group Ulcer Index (UI) Control = (5x1)+(4x2)+(0x3)/5UI =
2.6

Figure 2: Comparison of stomachs of untreated rats (left) and rats which received prophylactic treatment
Control group: H&E stained histological features of the stress induced Ulcer in rat stomach.

The mucosa was reddish, but the Ulceration was found only in patches
(Figure 1).

Outcome of the result: Ulcer index was lowered after the treatment
with Liquorice extract, in the untreated control it was high.

2. Treatment group: In the treated group, the mucosa was pale pink
and less signs of inflammation was seen.

Microscopic Features (Table 1): Occurrence of Ulcers (+) and
inflammatory features in groups of control, low & high dose and
prophylactic treatment in animals. Mucosa erosion was observed
following exposure to stress. Edema was not found. Hyperemic changes
were observed in controls and in high dose treated group it was not
observed. Neutrophil was seen in controls and low dose treated group,
while it was not observed in high dose group.

Effect of Liquorice Treatment was dose dependent, and the low dose
group (Figure 2) showed mild inflammation, while high dose of
Liquorice treatment showed almost normal mucosa.
(a) Ulcer Index (UI) Treatment (Low dose) = (5x1)+(0x2)+(0x3)/5
UI = 1
Preventive Index (low dose treatment) = 2.6-1/2.6 x100
PI (low dose) = 61.5%
(b) Ulcer Index (UI) Treatment (High dose) = 0/5 = 0
Preventive Index (High dose treatment) = 2.6-0/2.6 *100
PI (high dose) = 100%
3. Prophylaxis group: In the next group, the animals were fed with
Liquorice extract daily before exposing the rats to immobilization
stress. We found that there was no ulceration/inflammation in such
animals.
Ulcer Index (UI) Prophylaxis = 0/5 = 0
Preventive Index (Prophylaxis) = 2.6-0/2.6*100
PI (prophylaxis) = 100%
1528

Histopathology (Figures 3-5): Histopathological examination of the
stomach sections revealed the inflammatory changes in the stress
induced ulcer controls. The symptoms were alleviated in the treated
group and it appeared to be dose dependent, viz. in high dose of licorice
extract, the stomach showed little inflammation. The same observation
Table 1: Microscopic features: Occurrence of ulcers (+) and inflammatory
features in groups of control, low & high dose and prophylactic
treatment in animals.
Microscopic
Features
Erosion
Edema
Hyperemia/
Congestion
/Hemorrhage
Neutrophils
Lymphocytes

Control

Low dose

High dose

Prophylaxis

+

+

+

-

-

-

-

+

+

-

+

+
+

+
+

Occasional
Occasional

Occasional
Occasional
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Figure 3a&3b: a. Mucosa of the stomach showing extensive mucosal erosions (H&E,100x), b. Lamina
propria shows many congested vessels and hemorrhage (H&E,200x).
Low dose treatment group

Figure 4a&4b: a. Mucosa of the stomach showing extensive erosions (H&E,200x), b. Lamina propria
shows dense inflammatory infiltrate composed predominantly of neutrophils admixed with few
lymphocytes (H&E,400x)
High dose treatment group

Figure 5a&5b: a. Mucosa of the stomach showing focal
mucosal erosions (H&E,200x), b. Lamina propria shows mild
inflammatory infiltrate composed of occasional neutrophils
admixed with lymphocytes (H&E,400x).
Prophylaxis group

was observed in the group given Licorice extract prophylactically
during exposure to stress. Such animals did not show any lesions in
the mucosa.

DISCUSSION
Peptic ulcer commonly affects a number of people worldwide. The
problem of acidity is all pervasive. While H. pylori has been implicated
Pharmacognosy Journal, Vol 11, Issue 6(Suppl), Nov-Dec, 2019

in the causation, it has been known to occur even in the absence of
this bacteria. With changing lifestyle and food habits, the incidence of
this condition is increasing. Consumption of alcohol and vinegar along
with spicy food also contributes to the occurrence of ulcers. Smoking
tobacco and excessive coffee intake can also cause ulceration. Tumors
secreting gastrin is yet another cause. However, most important factor
leading to gastric ulceration remains stress.19 Stress causes ulcers by
1529
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increasing the vagal stimulation, releasing acetyl choline increasing
acid secretion in stomach.20
Traditionally, several lines of treatments have been followed to relieve
the discomfort and treat the peptic ulcers. The following medications
are used in the management of stress; Sucralfate: Primary agent for
prophylaxis; Histamine 2 (H2) receptor blockers (e.g., ranitidine,
famotidine, cimetidine, nizatidine); Proton pump inhibitors (e.g.,
esomeprazole, pantoprazole). Traditionally many different treatments
were suggested for alleviation of gastric ulcer in the alternative medicine,
but many of them had limited use. One of the most potent candidate
herb in the treatment of ulcers was Liquorice.21 Many authors suggested
Liquorice had a role in wound healing.22 They applied Liquorice extract
on the wound found encouraging results.
Many authors suggested a role for the Liquorice extract in healing
gastric ulcer. However, there is no consensus in the methodology of
using it.
In the present study, we found inflammation of the gastric mucosa and
ulceration in the stomach in the immobilization stress exposed animals.
One week stress exposure for 2 hours daily was adequate to produce
inflammatory changes in the mucosa.
We chose to study the effect of Liquorice extract in rats exposed to
immobilization stress. This model mimicked the natural process of
ulceration rather than acid induced or drug induced gastric ulcers. In
the immobilization stress, the natural over stimulation of mucosa takes
place by excess secretion of Gastrin hormone and vagal stimulation,
causing over secretion of HCl. Therefore, we found more of erythema
and generalized inflammation of mucosa, with interspersed patches
of ulcers. In other models, the ulcer patches are produced on sites of
contact of acid; On the other hand, methods such as pyloric ligation
was much more traumatic.
We found that the water extract of Liquorice given using oral gavage
was effective in reducing the inflammatory changes and ulceration
in immobilization stress exposed animals. We also found that those
animals treated with higher dose has lesser redness in the mucosa,
which suggested that the dose dependent benefit of Liquorice extract.
Further we investigated the possibility of usage of Liquorice extract as a
protective agent against the inflammatory changes, if pretreated, before
the exposure to the stress. In this group we found that the inflammatory
changes were minimal and no significant erythema was seen in the
mucosa. Thus we postulate that Liquorice could be a prophylactic
agent which can prevent the gastric ulcer, if given before the ulcer
producing agents. It will be useful if Liquorice is consumed before
attending “Cocktail parties” in people who get gastritis on consumption
of alcohol. Liquorice could be used as a concomitant treatment along
with the NSAIDs in the patients who are sensitive to NSAIDs to prevent
gastric ulcers. This will also act as a preventive agent for those people
who are suffering from peptic ulceration due to stress. Since Liquorice
has been known to Ayurveda, the ancient Indian system of Medicine
and also it is natural extract without modification, it has no harmful
side effects and hence can be suggested to patients without the fear of
serious adverse effects.
Further study is required to establish the mechanism of action of
Liquorice on the protection of gastric mucosa, in terms of inhibition
of acid secretion, healing properties by tissue regeneration and also
antioxidant action.
Conclusions: From this study we could conclude that water extract
of licorice is an effective remedy for the gastric ulcer induced due to
immobilization stress. The inflammatory changes in the gastric mucosa
was reversed following treatment. A dosage of 200 mg/kg body weight
was effective in relieving gastric lesions. Licorice extract is effective in
1530

preventing the ulceration when used prophylactically, which is highly
useful application that can be used before alcohol intake or high spicy
food consumption in people who are prone to peptic ulcer following
such activities.
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