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ABSTRACT

On the basis of reports that ginger (Zingiber officinale, Z. officinale) extract has antiinfalammatory
activity, the present study was undertaken to investigate whether the aqueous extract of Z. officinale has
any significant beneficial effect on chronic inflammation in diabetic mice. Control mice received normal
saline (0.1 ml, i.p.), and in the test group, diabetes was induced by injection of streptozotocin (STZ, 180
mg/Kkg, i.p.) which was confirmed by the measurement of blood glucose, 7 days after STZ injection. One
week after saline or STZ injection, chronic inflammation was.induced by implantation of cotton pellets
(30 mg) on each side of the groin region subcutaneously. Then at the day. of 3, the agueous extract of Z.
officinale was added to drinking water (100, 200 and 400 mg/100 ml) for 4 days. In another sets of
experiments, L-NAME, a nitric oxide synthase inhibitor, (0.1 mg/kg, i:p.) and indomethacin, an inhibitor
of the prostaglandin biosynthesis, (2 mg/kg, i.p.) were injected at the day of 5 of implantation. On the 8th
day, the mice were killed and the pellets were removed, freed from extraneous tissue and dried at 60 °C
for 24h. The increase in the weight of cotton pellets was higher in diabetic mice (control: 160 + 13.6 mg,
diabetic: 271 £ 11.8 mg, P<0.001). Pretreatment with the agueous extract of Z. officinale caused a
significant but not dose-dependent reduction in cotton pellet weight in diabetic animals (diabetic + Z.
officinale’s extract: 181.4 + 21 mg, P<0.05 vs diabetic). The anti-inflammatory effect of extract was
amost the same as L-NAME, but less than indomethacin. Results suggest that the anti-inflammatory
effects of aqueous extract of Z. officinale.are comparable to L-NAME.
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INTRODUCTION
Ginger (Zingiber officinale, Z. officinale) has
been used as a medicine‘since ancient time (1). In
Asian medical practices, dried ginger has been
used to treat stomachache, diarrhea and nausea (2-
5). Recent studies have shown that Z. officinale
has anti-inflammatory effects(6) and reduces pain
and swelling associated with either rheumatoid or
osteoarthritis (7). It hasaso antioxidant, analgesic
and anti pyretic properties (8, 9, and 10).
Cardiovascular actions of Z. officinale such as
decrease in blood pressure, heart rate (8) and
blood glucose (11) is well known. The major
pharmacological activity of Z. officinale appears
to be due to gingerol and shogaol (8, 12). These
two active compounds are reported to be
responsible for the analgesic, anti-emetic, anti-
pyretic and prostaglandin suppression of Z.
officinale (13).The amounts of pro-inflammatory
cytokines are increased in diabetes (14, 15). For
instance, it has been shown that hyperglycemia
significantly increases the expression of
endothelial adhesion molecules such as ICAM-1,
E-selectin and P-selectin on human umbilical vein
endothelial cells (16). The important role of

inflammation on diabetes has also been reported
(17). Although, Z. officinale has both
hypoglycemic and anti-inflammatory effects,
there is not enough scientific data on its anti-
inflammatory activity during diabetes. Therefore,
the present study was undertaken to investigate
the anti-inflammatory effects of agueous extract
of Z. officinale in diabetic mice and aso to
compare these effects with those of NG-nitro-L-
arginine methyl ester hydrochloride (L-NAME)
and indomethacin.

MATERIALS AND METHODS
Albino adult mice of either sex (weighing
between 30-35 g) from the animal house of
Qhaem Hospital, Mashhad, Iran, were used and
kept on the standard diet and water.

Preparation of the aqueous extract of Z. officinale
rhizome

The ginger rhizome was purchased from a local
store and then grounded in a coffee grinder. 10,
20, 40 mg of Z. officinale powder were dissolved
in the boiled water (20 ml) and filtrates were
added to the animal's drinking water.
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Induction of diabetes and inflammation

Diabetes was induced by injection of
streptozotocin (STZ, 180 mg/kg, i.p.) and mice
were kept on normal diet for seven days. Their
plasma glucose levels were  assessed
spectrophotometrically  with  a  quantitative
enzymatic (glucose oxidase) commercia blood
glucose measuring kit (Sigma). Chronic
inflammation was induced by cotton pellet
induced granuloma in mouse by the previously
established method (18, 19). Briefly, under
anesthesia (ketamine, 65 mg/kg and xylazine, 6.5
mg/kg) two sterilized cotton pellets (density
cotton) weighing 30 mg were implanted
subcutaneously in the groin region of mice, one
on each side. These cotton pellets were sterilized
in an air oven at 121°C for 20 minutes before
implantation. The animals were scarified on the
8th day, and dry weight of granulation tissues
with cotton pellets which were dried at 60°C
overnight were measured. The weight of the
cotton pellets before implantation was subtracted
from the weight of the dried, dissected pellets.

Experimental groups

Mice were divided into different groups: control
(received saline, 0.1 ml, i.p.,, n=6); diabetes
(received 180 mg/kg of STZ in 0.1 ml of saline,
i.p., n=6); control + Z. Officinale (received saline,
0.1 ml, i.p. + 100, 200, 400 mg/100 ml of ‘Z.
officinale, which was added to drinking.water for
4 days from the 3rd day of implantation, n=18);
diabetes + Z. Officinale (received 180 mg/kg of
STZ, i.p. + 100, 200, 400 mg/100ml “of Z.
officinale, which was added to.the drinking water
for 4 days, n=18); control. + L-NAME (received
sdine, 0.1 ml, i.p. + L-NAME 0.1 mg/kg, i.p. a
5th day of implantation, n=6); diabetes + L-
NAME (received 180 mg/kg of STZ, i.p. + L-
NAME 01 mg ./ kg, ip: a 5th day of
implantation, n=6);. control + indomethacin
(received saline, 0.1 ml,i.p. + indomethacin 2 mg
/kg, i.p. at 5th day of implantation, n=5); diabetes
+ indomethacin’ (received 180 mg/kg of STZ, i.p.
+ indomethacin. 2 mg / kg, i.p. a 5th day of
implantation, n=5); control + Z. officinale + L-
NAME (received saline, 0.1 ml, i.p. + 200 mg/100
ml of Z. officinale, + L-NAME 0.1 mg/kg, i.p.,
n=5) and diabetes + Z. officinale + L-NAME
(received 180 mg/kg of STZ, i.p. + 200 mg/100
ml of Z. officinale + L-NAME 0.1 mg/kg, i.p.,
n=6).

Drugs
The following drugs were used: streptozotocin
(Pharmacia & Upjohn Company, Kaamazoo,

USA), ketamine (Rotexmedica, Germany), NC-
nitro-L-arginine  methyl ester hydrochloride,
indomethacin and xylazine (Sigma L aboratories).

Statistical Analyses of Data

Results are expressed throughout as means +
S.E.M and were analyzed by one way ANOVA
followed by a Tukey-Kramer multiple comparison
test (for comparison of the increase in the weight
of the cotton pellets). A P value of less than 0.05
was considered to be significant. Statistical
analysis was performed using Minitab for
Windows.

RESULTS

One week after induction of diabetes (by injection
of streptozotocin), blood glucose was significantly
higher in streptozotocin-induced diabetic than
control mice (control;-94.6 + 8, diabetes; 158 + 2
mg/dl, P<0.001). The increase in the weight of
cotton pellets‘granuloma (a marker of chronic
inflammation) was: significantly higher in the
diabetic mice.in comparison to the control (Fig.
1). Z.officinale. showed an anti-inflammatory
effect in both control and diabetic mice which was
not dose-related (Fig. 1).

Table 1. Anti-inflammatory effects (increase in the
weight of cotton pellets, mg) of Indomethacin and L-
NAME in control and diabetic mice. Values are mean +
S.E.M; n=4- 6 animals in each group.

Drug/Group Control Diabetes
Normal Saline 160+ 13.66 270+ 13.90 ***
Indomethacin 70+£577* 11334+ 17.63%
L-NAME 78+ 8* 166 + 235%

(* P<0.05, *** P < 0.001 vs Control; # P < 0.01 and * P <
0.001 vs Diabetes)

The anti-inflammatory effect of Z. officinale
(Table 1) was comparable to those of L-NAME
(0.1 mg/kg, i.p.,) and less than indomethacin (2
mg/kg, i.p.). However, injection of L-NAME to
the Z. officinale-treated diabetic mice did not
significantly modify the anti-inflammatory effects
of ginger (increase in the weight of cotton pellets
(mg), Z. officinale+ diabetes: 181.4 + 21, Z.
officinale + diabetes + L-NAME: 188 + 34, data
are not shown).

DISCUSSION
Ginger iswidely grown in China, India, and Japan
(3, 5) and it has anti-inflammatory activity. The
exact anti-inflammatory mechanism of ginger is
not well known and possible mechanism of the
ginger action may involves a change in the
synthesis of prostaglandins and leukotrines that
mediate inflammation (7, 20). In the present
study, it was shown that the addition of ginger (Z.
Officinales) to drinking water reduces
inflammation in diabetic mice. In agreement with
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Figure 1. Mean + SE.M of the increase in cotton pellets weight (mg) in the different groups of control and diabetic
mice which have been treated by different dose of Z. officinale (100, 200 and 400 mg/100 ml). One way ANOVA
followed by a Tukey-Kramer multiple comparison test was applied to compare the data (n = 5-6), which showed a
significant increase in the weight of cotton pellets in diabetic mice (*** P<0.001 vs control) and a significant
reduction by ginger treatment (+ P<0.05 and ** P<0.001vs diabetes) in diabetic mice, but no significant reduction in
control mice.

pervious studies, it was found that anti- other doses. The reason of this increase is not
inflammatory effect of Z. officinale was not dose- known. It was also shown that oral consumption
related (7), and there was a non-significant of ginger (200 mg/100 ml) is as effective as L-
increase in the weight of cotton pellets using 200 NAME in reducing inflammation but less
mg/100 ml of Z. officinale in. comparison with effective than indomethacin.

Eal AN o

o

9.

REFERENCES
Bone, K. Ginger. Br. J. Phytothor 1997; 4(3):110-120.
Kapoor, L.D. Handbook of Ayruvedic Medicinal Plants. Boca Raon: CRC Press. 1990; 341-342.
Bruneton, J. Pharmacognosy, Phytochemeistry, Medical Plants. Prais: Lavoisier Publishing 1995
But, P.P.H. et a. (eds):International Collation of Traditional and Folk Medicine. Sigapore: World
Scientific 1997; 210-211.
Leung,A.Y.. and Foster, S. Encyclopedia of common natural ingredients used in Food, Drugs, and
Cosmetic,2™ ed. New york: John Wiley & Sons, Inc. 1996.
Murakami, A., Takahashita, D., Kinoshita, T., Koshimizu, K., Kim, H.W., Yoshihiro, A., Nakamura,
Y., Jwgjinda, S., Terao, J. Ohigashi, H. Zerumbone, a shoutheast Asian ginger sesquiterpene,
markedly suppresses free radical generation, proinflammatory protein production, and cancer cell
proliferation accompanied by apoptosis. Carcinogenesis 2002; 23 (11): 1961-1963
Srivastava, K.C. and Mustafa, T. Ginger (Zingber officinale) in rheumatism and musculoskeletal
disorders. Med Hypoteheses 1992; 39:342-348.
Suekawa, M., Ishige, A., Yuasa, K., Sudo, K., Aburada, M. and Hosoya, E. Pharmacological studies
on ginger. |I. Pharmacological action of punget constituent, (6)- gingerol and (6)-shogol. J
pharmacobiodyn 1984; 7: 836-848.
Mascolo, N., Jain, R., Jain, S.C., and Capasso, F. Ethnopharmacologic investigation of ginger
(Zingber officinale). J. Ethnopharmacol 1989; 27: 129- 140

10. Jana, U., Chattopadhyay, R.N. and Shaw, B.P. Preliminary studies on anti-inflammatory activity of

Zingber officinale Rosc.,Vitex negundo Linn and Tinospora cordifolia (Willid) Miers in abino rats.
Indian J Pharmacole 1999; 31: 232-233



Fathi et al 73

11. Ahmad, R.S. and Sharma, S.B. Biochemical studies on combined effects of garlic (Alllium sativum
Linn) and ginger (Zingber officinale Rosc) in abino rats. Indian J. Exp. Biol. 1997; 35: 841-843

12. Tang, W. and Eisenbrand, G. Chinese drug of plant origin. Chemestry, Pharmacology, and use in
traditional and modern medicine. Springer-Verlag, Berlin 1992.

13. Wilkinson, JM. What do we know about herbal morning sickness treatments?-a literature survey.
Biomedical Research 1999; 1:23-32

14. Ciampoalillo A., Guastamacchia E., Caragiulo L., Lollino G., De Robertis O., Latanzi V., Giorgino R.
In vivo secretion of interleukin-1 beta and interferon-gamma by peripheral blood lymphomononuclear
cellsin diabetic patients. Diabetes Res Clin Pract. 1993; 21: 87-93.

15.Hussain M.J,, Peakman M., Gallati H., Lo S.S., Hawa M., Viberti G.C., Wakins P.J.,, Leslie R.D.,
Vergani D. Eleveted serum levels of macrophage-dervied cytokines precede and accompany the onset
of IDDM. Diabetologia 1996; 39: 60-69.

16.0Omi H., Okayama N., Shimizu M., Okouachi M., Ito S., Fukutomi T. Participation of high glucose
concentration in neutrophil adhesion and surface expression of adhesion molecules on cultured human
endothelial cells; Effect of anti-diabetic medicines. J of diabetes and its.complication. 2002; 16: 201-
208.

17.Barzilay, J. 1., Abraham, L., Heckbert, S. R., Cushman, M., Kuller; L. H. Resnick, H. E. and Tracy, R.
P. The relation of markers of inflammation to the development of glucose disorders in the elderly.
Diabetes 2001; 50, 2384-23809.

18. Goldstein, S., Shemano, |., Demes, R., Beilier, and JM. Cotten pellet granuloma method for
evaluation of anti-inflammatory activity. Archive ‘of International Pharmacodynamics and
Therapeutics 1976; 165: 294-301.

19.Mossa, J.S.,, Rafatullah, S, Gaa, A.M., Al-Yahya, M.A. Pharmacological studies of Rhus
retinorrhea. International Journal of Pharmacognosy 1995; 33: 242-246.

20.Kiuchi F., lwakami S., Shibuya M., Hanaoka F., Sankawa U. Inhibitors of prostaglandin and
leukotriene biosynthesis by gingerols and diarylhepatanoids. Chem Pharm Bull (Tokyo) 1992; 40 (2):
387-391.



