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ABSTRACT

Objective: The aqueous extract of Allium sativum leaves (AEAL) was investigated for anti-inflammatory activity in albino rats of Wistar strain.

Methods: The AEAL was screened for the presence of phytochemical constituents like terpenoids, tannins, carrageenan, flavonoids, anthraquinones,
alkaloids, cardiac glycosides, etc. The anti-inflammatory activity of AEAL was evaluated by different animal models like induced paw edema and
histamine-induced paw edema, using two different concentrations of AEAL namely 100 mg/kg and 200 mg/kg, respectively.

Results and Conclusion: The phytochemical screening of AEAL showed the presence of carbohydrates, reducing sugars, lipids, flavonoids, ketones,
alkaloids, steroids, and triterpenes. The two different concentrations of AEAL were able to inhibit the induced edema in experimental animals in a

graded fashion.
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INTRODUCTION

Inflammation is part of the complex biological response of vascular
tissues to harmful stimuli, such as pathogens, damaged cells, or
irritants [1]. The classical signs of acute inflammation are pain, heat,
redness, swelling, and loss of function. Inflammation is a protective
attempt by the organism to remove the injurious stimuli and to initiate
the healing process. Proinflammatory cytokines (e.g., tumor necrosis
factor - a0 [TNF-a, interleukin [IL-6], and IL-1f3) are produced in large
quantities by activated macrophages/monocytes that stimulate cellular
responses via increasing prostaglandins (PGs) and reactive oxygen
species (ROS). In addition, lipid peroxidation (malondialdehyde [MDA])
is produced by free radicals attacking the cell membranes. Thus,
inflammatory effectresults in the accumulation of MDA [2]. Many studies
have indicated that flavonoids in herbs possess anti-inflammatory
activities via scavenging ROS and reducing proinflammatory cytokines
(e.g., NF-0B, TNF-a, IL-1, and IL-6), such as ursolic acid [3-5] and
lupeol [6].

Allium sativum (garlic) belonging to family Alliaceae is a plant containing
1-2% essential oil on a dry basis with wide variation of chemical
composition as a function of genetic diversity, habitat, and agronomic
treatment of culture. Garlic has a long folklore history as a treatment for
cold, cough, and asthma and is reported to strengthen immune system.
It has many medicinal effects such as lowering of blood cholesterol
level [7], antiplatelet aggregation [8], anti-inflammatory activity [9],
and inhibition of cholesterol synthesis [10]. Garlic has been long
known to have antibacterial [11-13], antifungal [8], anticancer [14,15],
antioxidant, and antiviral activities. Therapeutic effects of garlic is due
to the presence of allicin in the cloves, the present study was based
on the presence of allicin in the garlic leaves and we have evaluated
the anti-inflammatory activity based on the same property by using
aqueous extract of garlic leaves.

METHODS

Plant material

Fresh green leaves of A. sativum plant (garlic) have been purchased
from the local market, Howrah, West Bengal, India. The plant specimen
is submitted to Botanical Survey of India, Shibpur, Howrah for
authentication (CNH/7/2012/Tech. 11/815).

Preparation of aqueous extract of garlic leaves

Fresh garlic leaves (100 g) were blended in 50 ml sterile distilled water,
centrifuged at 5000 rpm and sterilized by filtration (0.45 pm). By
subtracting the weight of the insoluble material from the weight of the
original leaves, the final concentration of the garlic extract in solution
was determined to be 52.1% (w/v). Aliquots were stored at —20°C until
required.

Preliminary phytochemical screening

Standard screening test of the extract was carried out for various
plant constituents. The crude extract was screened for the presence or
absence of secondary metabolites using standard procedures [16].

Acute toxicity studies

Acute toxicity study was carried out using wistar strain rats. The rats were
fasted overnight and the weight of each rat was recorded just before use.
Animals were divided randomly into groups viz.; a control and treatment
groups, each group consisting of six rats. Control group received only the
vehicle and each treatment group received orally the 52.1% aqueous leaf
extract of garlic in a dose of 100, 200, 400, 600, 800, and 1000 mg/kg.
Animals were kept under close observation for 4 hrs after administration
of the extract, and then they were observed daily for 3 days for any change
in general behavior and/or other physical activities [17].

Grouping of animals

Albino rats of Wistar strain (weighing 170-200 g) were used for the
study. Rats used for the study were obtained from the Oxford college
of pharmacy, Bengaluru. All experimental procedures and protocols
used in the study were reviewed by the “Institutional Animal Ethical
Committee” and Committee for the Purpose of Control and Supervision
of Experiments on Animals. Animals were allowed to free access of
water and standard chow diet up to the end of the experimental period
and divided into following groups.

Each group consists of six rats:

Group I: Served as control group, received the vehicle (saline) only,
Group II: Served as standard group treated with indomethacin at dose
of 10 mg/kg

Group III: Served as test group treated with Aq. Extract of garlic leaves

(100 mg/kg p.o)
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GROUP IV: Served as test group treated with aqueous extract of garlic
leaves (200 mg/kg p.o).

Carrageenan-induced rat paw edema

The rats weighing 160-180 g were divided into four groups, and each
group consisting of six animals. Paw edema was induced by subplantar
injection of 0.1 ml of freshly prepared 1% carrageenan suspension into
the right hind paw of each rat. The paw volumes were measured using
a plethysmometer before as well as 30, 60, 120, 180, and 240 minutes
after the injection of carrageenan [18]. The aqueous extract of leaves of A.
sativum at 100 and 200 mg/kg were administered orally to group three
and four. The first and second group of rats received saline and 10 mg/
kg indomethacin as drug control for comparative pharmacological
assessment respectively. Test drugs and vehicle were given 1 hr before
the injection of carrageenan. The relative potency of the drugs under
investigation was calculated based upon the percentage inhibition of
the inflammation.

% inhibition = 100 - (edema volume in the treated - edema volume in
the control) x 100

Histamine induced paw edema

The rats were divided into four groups containing six rats in each
group. 0.1 ml of 1.0% histamine sulfate in normal saline (0.9% w/v
NaCl) was injected to the subplantar region of the right hind paw.
The Allium sativum leaves (AEAL) was administered to the rats 1-hr
before histamine injection in two different concentrations, i.e.,, 100
and 200 mg/kg for group three and four, respectively. The paw volume
was measured initially and at 30, 60, 120, 180, and 240 minutes
after histamine injection, using plethysmograph, inflammation was
calculated for comparison [19]. The first and second group of rats
received saline and indomethacin (10 mg/kg) respectively.

Statistical analysis

Results of all parameters were expressed as mean * standard error of
mean for each group. The statistical significance was measured by one-
way ANOVA followed by Dunnett test.

RESULTS

Preliminary phytochemical screening

The phytochemical screening of AEAL has revealed the presence of
carbohydrates, reducing sugars, lipids, flavonoids, ketones, alkaloids,
steroids, and triterpenes.

Acute toxicity studies

In the acute toxicity studies, death was recorded by administering
graded doses of the crude 52.1% aqueous extract of garlic leaves up to a
dose of 1000 mg/kg body weight. The animals did not show significant
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changes in general behaviors like alertness, motor activity, breathing,
restlessness, diarrhea, convulsions, and coma. Mortality was not
observed up to 800 mg/kg, whereas, 100% mortality was noticed in the
dose of 1000 mg/kg. From the above toxicity studies, the LD, dose was
found to be 1000 mg/kg body weight. Therefore, one-tenth of this dose
(100 mg/kg) was selected as the therapeutic dose for the evaluation of
anti-inflammatory activity.

The anti-inflammatory activity of AEAL in two different concentrations,
ie, (100 mg/kg and 200 mg/kg) on carrageenan-induced paw
edema was depicted and compared in Table 1. AEAL was able to
show a significant decrease in carrageenan-induced paw edema at a
concentration of 200 mg/kg at the end of 4% hr when compared with
negative control saline (i.e, 1.45+0.52** [74.09]). The percentage
inhibition exhibited by 100 mg/kg and 200 mg/kg of AEAL extract (68.1
and 74.09, respectively) was similar to that of indomethacin, which has
shown 92.2% of inhibition.

The effect of AEAL on histamine-induced paw edema was depicted
in Table 2. The AEAL has significantly reduced the paw edema
induced by histamine at two different concentration 100 mg/kg and
200 mg/kg (0.65+0.016* [63.88] and 0.50+0.024* [72.22]) and the
values were comparable with the standard indomethacin.

DISCUSSION

Carrageenan induced hind paw edema is the standard experimental
model of acute inflammation. Carrageenan is the phlogistic agent of
choice for testing anti-inflammatory drugs as it is not known to be
antigenic and is devoid of apparent systemic effects. Moreover, the
experimental model exhibits a high degree of reproducibility [20].
Carrageenan induced edema is a biphasic response. The first phase
is mediated through the release of histamine, serotonin, and kinins
whereas the second phase is related to the release of PG and slow
reacting substances [21]. It has been reported that the second phase of
edema is sensitive to drugs like hydrocortisone, phenylbutazone, and
indomethacin.

Anti-inflammatory activity of AEAL was comparable to indomethacin
and probably it would have reduced the edema by inhibiting the release
of mediators in the same way as that of indomethacin.

Histamine exists in bound form in granules (mast cell or basophils)
and in free form during inflammatory process. The H1R-PKC-ERK
pathway may play crucial roles in eliciting cytokine production from
bronchial epithelial cells stimulated by histamine, leading to airway
inflammation [22]. Upon injury to a tissue, histamine causes local
vasodilatation, and leakage of plasma containing mediators of acute
inflammation (complement, C-reactive protein), antibodies, and

Table 1: Effects of AEAL and indomethacin on carrageenan-induced paw edema in rats

Groups Dose 30 minutes 1hr 2 hrs 3 hrs 4 hrs (% inhibition)
Group-I Control (normal saline) 3.92+0.13 4.51+0.23 4.97+0.11 5.24+0.71 5.52+0.61

Group-II Indomethacin (10 mg/kg) 0.73+0.024** 0.692+0.054** 0.61+0.034** 0.54+0.77** 0.43+0.13** (92.2)
Group-III AEAL (100 mg/kg) 3.11+0.013** 2.43+0.014** 2.13+0.047** 1.93+0.054** 1.75+0.014** (68.1)
Group-1V AEAL (200 mg/kg) 2.59+0.017** 2.21£0.045** 1.94+0.039** 1.76£0.013** 1.45+0.52** (74.09)

All the values are expressed as mean+SEM; n=6. Statistical significance: (*p<0.05) and (**p<0.01) one-way ANOVA followed by Dunnett’s test. SEM: Standard error of

mean, AEAL: Aqueous extract of Allium sativum leaves

Table 2: Effect of AEAL and indomethacin on histamine-induced paw edema

Groups Dose 30 minutes 1hr 2 hrs 3 hrs 4 hrs (% inhibition)
Group-I Control (normal saline) 2.24+0.014 2.26x0.027 2.08+0.19 1.88+0.077 1.80+0.56

Group-II Indomethacin (10 mg/kg) 1.34+0.019** 0.88+0.014** 0.74+0.041** 0.56+0.036** 0.36+0.023**(80)
Group-III AEAL (100 mg/kg) 1.87+0.048** 1.46+0.019** 1.16+0.08** 0.89+0.045** 0.65+0.016*(63.88)
Group-1V AEAL (200 mg/kg) 1.68+0.074** 1.23+0.011** 0.86+0.061** 0.68+0.037** 0.50+0.024*(72.22)

All the values are expressed as mean+SEM; n=6. Statistical significance: (*p<0.05) and (**p<0.01) One-way ANOVA followed by Dunnett test. SEM: Standard error of

mean, AEAL: Aqueous extract of Allium sativum leaves
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inflammatory cells (neutrophils, eosinophils, basophiles, monocytes,
and lymphocytes). Injection of histamine causes a rapid rise in edema
and peak was observed at 30 minutes. Activation of H1-receptor may
lead to activation of the phosphatidylinositol cycle and associated with
inflammatory reactions. Hence, H1-receptor antagonist can be act as
an anti-inflammatory agent. The aqueous extract showed a significant
reduction in paw volume after histamine injection, which was also
comparable with the standard drug indomethacin. This result indicates
that the extract possess anti-histaminic potential.

CONCLUSION

On the basis of above experimental results from the present study,
it can be concluded that the AEAL may possess anti-inflammatory
activity. The anti-inflammatory activity of A. satium leaf extract may
be attributed to flavonoids which have anti-inflammatory properties.
Further exploration of experimental work was needed for the isolation
of compounds and pharmacological investigation of plant extract which
have many pharmacological activities reported traditionally and for its
exact mechanism of action.

ACKNOWLEDGMENT

The author is thankful to Principal of The Oxford of College Pharmacy,
Bengaluru and Calcutta Institute of Pharmaceutical Technology and
Allied Health Science, Uluberia for their kind support and for providing
all facilities and encouragement for successful completion of this work.

REFERENCES

1. Ferrero-Miliani L, Nielsen OH, Andersen PS, Girardin SE. Chronic
inflammation: Importance of NOD2 and NALP3 in interleukin-1beta
generation. Clin Exp Immunol 2007;147(2):227-35.

2. Janero DR. Malondialdehyde and thiobarbituric acid-reactivity as
diagnostic indices of lipid peroxidation and peroxidative tissue injury.
Free Radic Biol Med 1990;9(6):515-40.

3. Tsai SJ, Yin MC. Antioxidative and anti-inflammatory protection
of oleanolic acid and ursolic acid in PCI12 cells. J Food Sci
2008;73(7):H174-8.

4. Lu J, Zheng YL, Wu DM, Luo L, Sun DX, Shan Q. Ursolic acid
ameliorates cognition deficits and attenuates oxidative damage in the
brain of senescent mice induced by D-galactose. Biochem Pharmacol
2007;74(7):1078-90.

5. Checker R, Sandur SK, Sharma D, Patwardhan RS, Jayakumar S,
Kohli V, et al. Potent anti-inflammatory activity of ursolic acid, a
triterpenoid antioxidant, is mediated through suppression of NF-?B,
AP-1 and NF-AT. PLoS One 2012;7(2):e31318.

6. Saratha V, Subramanian SP. Lupeol, a triterpenoid isolated from
Calotropis gigantea latex ameliorates the primary and secondary

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Asian ] Pharm Clin Res, Vol 8, Issue 3, 2015, 78-80

complications of FCA induced adjuvant disease in experimental rats.
Inflammopharmacology 2012;20(1):27-37.

Yeh YY, Yeh SM. Garlic reduces plasma lipids by inhibiting hepatic
cholesterol and triacylglycerol synthesis. Lipids 1994;29(3):189-93.
Steiner M, Khan AH, Holbert D, Lin RI. A double-blind crossover
study in moderately hypercholesterolemic men that compared the effect
of aged garlic extract and placebo administration on blood lipids. Am J
Clin Nutr 1996;64(6):866-70.

Baek SJ, Kim KS, Nixon JB, Wilson LC, Eling TE. Cyclooxygenase
inhibitors regulate the expression of a TGF-beta superfamily member
that has proapoptotic and antitumorigenic activities. Mol Pharmacol
2001;59(4):901-8.

Piscitelli SC, Burstein AH, Welden N, Gallicano KD, Falloon J. The
effect of garlic supplements on the pharmacokinetics of saquinavir. Clin
Infect Dis 2002;34(2):234-8.

Rees LP, Minney SF, Plummer NT, Slater JH, Skyrme DA.
A quantitative assessment of the antimicrobial activity of garlic (4//ium
sativum). World J Microbiol Biotechnol 1993;9(3):303-7.

Sasaki J, Kita T, Ishita K, Uchisawa H, Matsue H. Antibacterial activity
of garlic powder against Escherichia coli O-157. J Nutr Sci Vitaminol
(Tokyo). 1999;45(6):785-90.

Shobana S, Vidhya VG, Ramya M. Antibacterail activity of garlic
varieties (Opioscordon and sativum) on enteric pathogens. Curr Res J
Biol Sci 2009;1(3):123-6.

Pai ST, Platt MW. Antifungal effects of Allium sativum (garlic) extract
against the Aspergillus species involved in otomycosis. Lett Appl
Microbiol 1995;20(1):14-8.

Unnikrishnan MC, Kuttan R. Tumour reducing and anticarcinogenic
activity of selected spices. Cancer Lett 1990;51(1):85-9.

Miron T, Shin I, Feigenblat G, Weiner L, Mirelman D, Wilchek M,
et al. A spectrophotometric assay for allicin, alliin, and alliinase (alliin
lyase) with a chromogenic thiol: Reaction of 4-mercaptopyridine with
thiosulfinates. Anal Biochem 2002;307(1):76-83.

Khandelwal KR. Practical Pharmacognosy. Pune, India: Nirali
Prakashan; 2005. p. 149.

Pandey K, Sharma PK, Dudhe R. Antioxidant and anti inflammatory
activity of ethanolic extract of Parthenium hysterophorus linn. Asian J
Pharm Clin Res 2012;5(4):28-31.

Sandeep D, Sandya L, Reddy YC, Nagarjuna S, Reddy YP. Anti
inflammatory activity of Cicer arietum seed extracts. Asian J Pharm
Clin Res 2012;5:64-8.

Vinegar R, Schreiber W, Hugo R. Biphasic development of carrageenin
edema in rats. ] Pharmacol Exp Ther 1969;166(1):96-103.

Winter CA, Risley EA, Nuss GW. Carrageenin-induced edema in hind
paw of the rat as an assay for antiiflammatory drugs. Proc Soc Exp Biol
Med 1962;111:544-7.

Matsubara M, Ohmori K, Hasegawa K. Histamine H1 receptor-
stimulated interleukin 8 and granulocyte macrophage -colony-
stimulating factor production by bronchial epithelial cells requires
extracellular signal-regulated kinase signaling via protein kinase C. Int
Arch Allergy Immunol 2006;139(4):279-93.

80



