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Abstract

There are number of phytoconstituents
present in plants, that have the potential to pre-
vent and cure certain human illness. Zingib-
er officinalis, a perineal herb used for culinary
purposes and alternative medicine is said to
possess antioxidant, antidiabetic, anti-inflam-
matory, anticancer, antirheumatic, antibacterial
and antifungal properties. Though much work
has been carried out on the rhizome, there has
been limited work done on the leaves of the gin-
ger plant. The qualitative phytochemical analy-
sis of methanolic and aqueous extract of ginger
leaves shows the presence of flavonoids, sapo-
nins, phenolic compounds and tannins in meth-
anolic and aqueous extract. GC-MS analysis
further validates the presence of 13 phytochem-
ical constituents such as caryophyllene, phytol,
lanosterol, pentadecanoic acid methyl ester and
other secondary metabolites in the methanolic
extract, and 13 phytochemical constituents in
aqueous extract. The leaf extract was screened
for Invitro anti-inflammatory activity by inhibition
of protein denaturation method and membrane
stabilization test. The % inhibition at 300ug/ml
of aqueous extract was observed at 64.88%,
66.09% and 50.57% in Bovine Serum Albumin
denaturation method, egg albumin denaturation
and Haemolytic RBC membrane stabilization
method respectively. In case of methanolic ex-
tract maximum percentage inhibition was ob-

served at 300ug/ml was 61.30%, 63.09% and
46.74% in BSA denaturation method, egg albu-
min denaturation and HRBC membrane stabili-
zation method respectively.

Keywords Zingiber officinale, GC-MS, In vitro
anti inflammatory

Introduction

Ginger is a herbal spice and folk medi-
cine . Zingiber officinale is a perineal plant with
swollen underground stem or rhizomes belong-
ing to the family Zingiberacae(1). The Leaves
are lanceolate, glaberous and sessile having a
prominent midrib. Its rhizomes are thick lobed,
fleshy, ovate, laterally compressed bearing
short oblique branches. It is pale yellow to buff
in colour with longitudinal striations. Flowers are
tiny yellowish green coloured, solitary, in oblong
cylindrical spikes. The calyx consists of fused
sepals which have three teeth at the apex with
the corolla tube being cylindrical, three lobed,
greenish, sub equal and lanceolate(2). The fruits
are oblong capsules containing oval seeds. De-
pending on the amount of cork removed ginger
can be either ‘scraped’ or ‘unscraped(3). Rhi-
zomes are fiberous in nature. It is having an
agreeable odour and pungent taste hence it is
used as a spice(4).

Ginger is believed to have origin from India and
South-East Asia. Ginger and its components
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are known to have various beneficial medici-
nal properties due the presence of gingerol and
6-shogaol and other active constituents (5,6). It
is widely used in a variety of foods because of
its nutritional composition and flavouring com-
pounds. Major constituents present are carbo-
hydrates, lipids, terpenes and phenolic com-
pounds. Ginger rhizomes are rich source of vi-
tamins, minerals and iron(7,8). Pre-clinical stud-
ies prove that the plant is used for diarrhoea(9),
diabetes(10), obesity, allergies, pain(11) and
various forms of cancer(12,13). Plant extracts
contain number of bioactive molecules which
have medicinal properties and are used in for-
mulating ayurvedic preparations(14-16). The
ginger rhizome contains non volatile pungent
constituents like gingerol and shagaol which
possess potent anti inflammatoryproperties(17).

Gas Chromatography - Mass Spectrum
(GC-MS) is an analytical technique useful for
determination and identification of biologically
active constituents present in plant extract (18-
21).

The intention of study was to known the
phytoconstituents in the methanolic leaf extract
of zingiber officinale by preliminary phytochem-
ical screening, and to identify each individual
compound by GC-MS,Since there was no liter-
ature available whether the leaves of the ginger
plant has anti-inflammatory activity. Invitroanti
inflammatory studies were carried on the meth-
anolic leaf extract of the ginger plant.

Materials and Methods:

GC-MS analysis of the methanol extract
of leaf was performed using Perkin Elmer,the
GC model was Clarus 680, and mass spectrom-
eter was clarus600 (El),and software Turbo-
Mass ver5.4.2.

The Clarus 680 GC was used in the
analysis employed a fused silica column, packed
with Elite-5MS (5% biphenyl 95% dimethylpoly-
siloxane, 30 m x 0.25 mm ID x 250um df) and
the components were separated using Helium
as carrier gas at a constant flow of 1 ml/min. The

injector temperature was set at 260°C during
the chromatographic run. The 1uL of extract
sample injected into the instrument the oven
temperature was as follows: 60 °C (2 min); fol-
lowed by 300 °C at the rate of 10 °C min-1; and
300 °C, where it was held for 6 min. The mass
detector conditions were: transfer line tempera-
ture 230 °C; ion source temperature 230 °C;
and ionization mode electron impact at 70 eV, a
scan time 0.2 sec and scan interval of 0.1 sec.
The spectrums of the components were com-
pared with the database of spectrum of known
components stored in the GC-MS NIST (2008)
library.

Collection of plant material

The leaves of Zingiber officinale were
collected in and around Thrissur Kerala, in the
month of June - August 2020. The collected
plant was authenticated by Dr.Raju Krishna
Chalannavar Professor and Chairman, Depart-
ment of Applied Botany, Mangalore University,
Mangalagangothri - 574 199.

Preparation of extract

The collected leaves were cleaned;
shade dried and coarsely powdered using elec-
trical blender. The extraction was carried out by
cold maceration method using methanol and
water as solvents. 200gm of powder was mac-
erated with 2.3 L of methanol for 7 days with
occasional stirring and extract is filtered through
muslin cloth. The filtrate was concentrated un-
der controlled temperature (45°C -50°C) and
pressure (55 PSIg) using Rotavap rotary evapo-
rator (model: PBU-6D). The total yield obtained
after maceration was 25 g of extract.

For the preparation of aqueous extract,
100g of powder was macerated with 1.2L dis-
tilled water for 24 hrs. Extract is filtered through
muslin cloth and concentrated by evaporation
on water bath at temperature of 60°C — 70°C
and yield obtained was 8g. Both crude extracts
were stored in desiccator for further studies.

Preliminary phytochemical analysis
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The phytochemical analysis of the ex-
tracts was performed as per the standard pro-
cedures described by Trease and Evans(22).
The extract was evaluated for alkaloids, flavo-
noids, triterpenoids, steroids, glycosides, carbo-
hydrates, saponins, phenolic compounds and
tannins and results are mentioned in Table 1.

Screening of anti-inflammatory activity:
Inhibition of protein denaturation method:

Bovine serum albumin method (23):
Various concentration of test extract was pre-
pared from the stock solution 100mg/100ml
(1000ug/ml). 0.5ml — 3ml of solutions were pi-
pette out and makeup to 10ml in 10ml standard
flask using solvents (methanolic extract- metha-
nol and aqueous extract- distilled water).

The reaction mixture was prepared us-
ing 0.5ml test extract (50-300ug/ml) and 1% of
aqueous solution of bovine albumin. 0.1N HCI
was employed to maintain the pH of the above
solution. Sample mixture will contain 0.45 ml
bovine serum albumin and 0.05 ml of the ex-
tract solution.0.05ml of the sample mixture was
taken in the test tubes and incubated at 37°C for
20min and then to the above sample mixture 2.5
ml of saline phosphate buffer was added. The
absorbance of the sample mixture is taken at
660nm. Same procedure was repeated for stan-
dard drug — Diclofenac, by preparing different
concentration (50 - 300ug/ml) of the drug. The
experiment was performed in triplicates.

Egg albumin denaturation method(24):

Sample solution was prepared using
0.45 ml of 5% egg albumin solution and 0.05ml|
of the test extract (50-300ug/ml) solution. The
sample solutions were taken in test tubes and
these tubes were incubated for about 20 min at
37°C. 2.5 ml of the phosphate buffer saline was
added to the above solution after incubation pe-
riod. Further the reaction mixture was heated
for 5min at 70°C. Mixture was cooled and ab-
sorbance was taken at 660nm . Diclofenac was
used as standard drug, procedure was repeated

thrice.

Membrane stabilization test by Heat induced
haemolyticmethod(25):

Suspension of red blood cells: 8ml of
blood samples were collected from healthy hu-
man volunteer who have not been administered
with NSAID agents for 14 days before the start
of the experiment. Alsever’s solution used to
prevent coagulation of blood is mixed with gen-
tly with equal quantity of blood sample. Trans-
ferred to centrifuge tubes and centrifuged for 10
min at 3000 rpm, repeatedly washed thrice with
equal quantity of normal saline. The volume of
blood was measured and restored as 10%v/v
suspension with normal saline.

Heat-induced haemolytic method:
Into the centrifuge tube 1ml of test sample of
different concentration (50-300ug/ml), and 1 ml
of test 10% RBC suspension was taken as re-
action mixture. In the control test tube, sample
is absent only saline is used. The tubes were
incubated at 56°C for 30min in a water bath.
The cooled reaction mixture in the tubes were
centrifuged at 2500 rpm and the absorbance of
supernatants was recorded at 560nm. Aspirin
was the standard drug. The experiment will be
repeated thrice for all the test extract samples.
The percentage membrane stabilization activity
was determined.

Results and Discussion:

Preliminary phytochemical studies were
carried out on the methanolic extract of ginger
leaves,and showed the presence of flavonoids,
triterpenoids, glycosides, saponins, phenolic
compounds and tannins are reported in Table
1. Based on these phytochemical constitu-
ents,GC-MS analysis was carried on both aque-
ous and methanolic extracts. The phytochem-
ical constituents present were confirmed from
the retention indices, molecular formula, molec-
ular weight (MW) and peak area in percentage
in comparison with the data available from the
GC-MS NIST (2008) library.
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The GC-MS data of methanolic and
aqueous extract are displayed in tables 2 & 3
and figures1& 2 respectively. The anti inflamma-
tory effect of leaf extract of zingiber officinale by
bovine serum albumin denaturation, egg albu-
min denaturation and HRBC membrane stabi-
lization method are reported in tables 4,5 & 6
respectively and the graphical representation is
shown in figures 3,4 & 5 respectively.

Table1: Preliminary phytochemical test of the

methanolic leaf extract of Zingiber Officinale

319

Terpenoids
Libermann-Burchard’s  |+ve
test
Glycosides +ve
Resins -ve
Saponins +ve
Steroids
a) Libermann- +ve

Burchard’s test
b) Salkowaski test +ve
Tannins +ve
Phenolic compounds +ve

SI.LNO Test for Results
Alkaloids
Dragendroff’'s -ve
Hager’s -ve
Wager’s -ve
Mayer’s test -ve
Reducing sugars
Molish’s -ve
Benedict’s -ve
Fehling’s -ve
Tollen’s -ve
Flavonoids
Shinoda +ve
Alkaline test +ve

Discussion

Studies have proved that certain phytoconstit-
uents present in plants, such as, the presence
of volatile oils, flavonoids, xanthones and triter-
penoids have similar mechanism of action. For
the development of better therapeutic agents
such constituents, need to be isolated and test-
ed, so as to reduce the pathologies related in-

Table 2: GC-MS results of phytochemical constituents in Zingiber officinale leaves methanolic

extract
Sin | Retenti Peak Name of compound Molecular Molecul Structure
o | ontime | area % formula ar
weight
1 14.208 4,243 | 12-Methyl E,E-2,13-octdecadi-1- C1gH360 280.5 I
ol
C15H24 204 HC CH,
Caryophyllene QHLC“E
CH,
2 17.869 1.263 2-undecanone 6,10-dimethyl C13H260 198 W
3 18.165 6.714 1-Octadecyne CigHa4 250
4 18.650 | 20.527 Pentadecanoic Cy7H3:0, 270.450 Ww
Acid-14-methyl-, methyl 7 ’
ester
5 19.560 1.181 Hexadecanoic acid 15 methyl- C1gH340, 284 L
methyl ester
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6 19.825 39.206 17-Octadecynoic acid, methyl C19H340, 294 .47 Y
ester
CieHao 222
1-Hexadecyne .902
7 21.631 1.500 Eicosanoic acid, methyl ester C21H420, 326.557 -
0
8 22.381 7.612 13,16-octa decadicynoic acid, C19H340; 294.47 L e
methyl ester
9 22.941 2.462 Cyclopropanepentanoic acid 2- CooH350, 311
undecyl
10 26.588 7.128 Sarsapogenin Cy7H4403 416.6
1 27.623 3.590 1Hexyl- 2- nitrocyclo hexane CyoH2305N 213
Pterin-6-carboxylic acid C7HsN503 207
12 28.814 2.857 Beta sitosterol CooHs500 414.762
4
13 29.404 1.712 Heptacosanoic acid, methyl CogHs560, 424
ester
Table 3: GC-MS analysis of aqueous extract of Zingiber officinale leaves
Sl | Reten | Peak Compound name Molecul | Molecul Structure
tion area ar ar
time % formula | weight
1 6.880 | 11.81 Carbamimidothioic acid, CsHq 0N, | 118.198 HaC \/CHS
2 1-methylethyl ester S S
HoN
NH
2 [ 7585 | 0884 | Tpenyn3olTmetyl | GHNO [ 14T | T e
=
carbamate 2 D
o
3 | 18,57 | 10.68 Oxirane 298 Hscw
5 3 (hexadecycloxymethyl) o o
Heptadecanoic acid,16
methyl,methyl ester C19H350, 298
4 | 19.06 | 33.26 | 15-Methyl hexadecanoic 270 NS
CHy
5 5 acid

Ambily et al



Current Trends in Biotechnology and Pharmacy 321
Vol. 16 (3) 316 - 328, july 2022, ISSN 0973-8916 (Print), 2230-7303 (Online)
10.5530/ctbp.2022.3.45
5 | 20.35 5.74 1-hexadecyne CqsH3o 222 R SN
0
6 | 2047 | 28.83 1-octadecyne CigH34 250 T
1 9
7 | 2717 | 1.147 22,2,1,4,6,9 non CioHaz 260 R
3 adecatetraene Q%
8 | 27.25 | 0.829 | 4-pentyl bicyclohexyl-4- 279
3 carbonamide
9 | 27.40 | 0.775 | Cholesta-8,24-diene-3-ol | CaygHyc0 398 I
8 4-methyl-(3-beta,4-alpha)
10 | 27.52 | 1.724 4-pentyl bicyclohexyl-4- 279
3 carbonamide
Pterin-6-carboxylic acid 207
11 | 28.68 | 0.985 4-pentyl bicyclohexyl-4- 279
9 carbonamide
Pterin-6-carboxylic acid 207
12 | 28.71 | 1.131 4-pentyl bicyclohexyl-4- 279
4 carbonamide
Pterin-6-carboxylic acid 207
13 | 30.68 Beta carotene CaoHss 536 ™
O //
pun
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Table 4: Effect of aqueous and methanolic Zingiber officinale leaves extracts on bovine serum

albumin denaturation

Tested material Concentration % Inhibition on IC,, value
(Mg/ml) BSA denaturation
+SEM

Diclofenac 50 35.11%0.59 178.78
100 41.66%0.59
150 51.19%0.59
200 58.33%+0.59
250 66.66%0.59
300 72.61%£0.59

Aqueous extracts 50 29.16*0.59 202.75
of Zingiber 100 35.11%£0.59
officinale 150 45.83%+0.59
200 52.38%+0.59
250 59.52+0.59
300 64.88%0.59

Methanolic 50 27.38%0.59 213.38
extracts of Zingiber 100 31.54%0.59
officinale 150 42.26+0.59
200 50.00%1.03
250 55.95+0.59
300 61.30%0.59

All values are expressed in terms of £ SEM and are found to be significant when compared to

control P<0.05

Table 5: Effect of methanolic and aqueous Zingiber officinale leaves extracts on egg albumin

denaturation
Tested material Concentration % Inhibition on IC,, value
(Mg/ml) BSA denaturation
+SEB¢I
Diclofenac 50 31.54+0.59 172.33
100 41.66+0.59
150 49.40+0.59
200 65.47+0.59
250 70.83+£0.59
300 74.40+£0.59
Aqueous extracts of 50 22.61£1.57 193.35
Zingiber officinale 100 39.88+0.59
150 48.80+0.59
200 55.95+0.59
250 61.90+£0.59
300 66.09+1.03
Methanolic extracts of 50 27.38+0.59 202.86
Zingiber officinale 100 38.69+0.59
150 47.02+0.59
200 51.784+1.03
250 58.33+£0.59
300 63.09+0.59

All values are expressed in terms of + SEM and are found to be significant when compared to

control P<0.05
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Table 6: HRBC membrane stabilization test effect on Zingiber officinale leaves

Tested material Concentration % Inhibition on IC,, value
(mng/ml) BSA denaturation
+SEB[I

Diclofenac 50 15.45+0.024 151.93
100 26.08 + 0.041
150 37.92 £ 0.024
200 50.72 £ 0.041
250 62.56 + 0.024
300 70.53 +0.024

Aqueous extracts of 50 18.43 £ 0.186 276.24
Zingiber officinale 100 2411 £0.741
150 30.21 £ 0.852
200 36.80 £ 0.155
250 44 .44 + 0.268
300 50.57 + 0.352

Methanolic extracts 50 15.67 £ 0.142 295.60
of Zingiber officinale 100 2211 £0.741
150 27.47 £ 0.537
200 35.91 £ 0.350
250 41.37 £0.358
300 46.74 + 0.208

All values are expressed in terms of + SEM and are found to be significant when compared to

control P<0.05

261420E5-0426) N+ Sm (hin. 2xd)

B T T S B T At R

Fig 1: GC-MS‘~ chror.ﬁatogra‘lm of methanolic
extract of Zingiber officinale leaves.

BSA denaturation method

% Inhibition
NoOA O ®
S & & ©

o
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Concentration(ug/ml)

mStandard ™ Methanolic = Aqueous

Fig 3: Effect of extract of Zingiber officinale
leaves on BSA denaturation method

Fig 2: GC-MS chromatogram of aquedus extract
of Zingiber officinale leaves

Egg albumin denaturat bn method

% inhibit bn
W
o

50 100 150 200 250 300
Concentrat bn(pg/ml)

m Standard m Methanclic m Aqueous
Fig 4: Effect of extract of Zingiber officinale
leaves on egg albumin denaturation
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HRBC membrane stabilizat bn method
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Fig 5: HRBC membrane stabilization test effect
on Zingiber officinale leaves
flammatory diseases [26] The anti inflammatory
activity of the leaves of ginger leaf extract was
determined by inhibition of protein denaturation
and membrane stabilization method[17]In an-
ti-denaturation study, when heat is given acti-
vation of antigen and denaturation of protein
occurs as a part of type Ill hypersensitivity re-
action. The assay infers the ability of extract to
stabilize the protein from denaturation. The ab-
sorbance of test sample with respect to control
indicates the stabilization of membrane[2].

Aqueous

Lysosomes consist of activated constituents of
neutrophils that can lead to tissue damage and
inflammation. HRBC or erythrocyte membrane
act similar to lysosomal membrane. In mem-
brane stability assay, the ability to prevent the
lysis of erythrocyte membrane infers the anti in-
flammatoryactivity[25].

Inflammation is one of the defense mechanisms
against infections, tissue damage or injury.
Non-steroidal anti inflammatoryagents(NSAIDs)
are commonly used in the treatment of inflam-
mation. Most NSAIDs act inhibiting the cycloo-
xygenase pathway. Main causes of inflamma-
tion in certain disease states such as arthritis,
cancer and other inflammatory conditions are
protein denaturation and lysosomal membrane
lysis. One of the reasons for protein denatur-
ation is production of auto antigens[26].

The leaf extract of ginger did show significant
anti inflammatory activity may be due to the
presence of shagaol and gingerol that act by
suppressing the prostaglandin and leukotriene
pathway by inhibiting the enzymes responsible
for inflammation(27) or probably by inhibiting

inducible nitric oxide synthase(iNOS) which is
also a mediator of inflammation(28).

The % inhibition at 300ug/ml of aqueous extract,
methanolic was observed at 64.88%, 61.30 %
respectively compared to diclofenac which was
72.61% in Bovine Serum Albumin denaturation
method, similarly at the same concentration,
the aqueous and methanolic extract showed
highest % of inhibition at 66.09% & 63.09% re-
spectively in comparison with diclofenac which
was 74.40% in egg albumin denaturation. In
Haemolytic RBC membrane stabilization meth-
od, blood(1 ml of 10% RBC suspension) and Al-
sever’s solution in equal quantities was gently
mixed to inhibit haemolysis. Maximum inhibition
of aqueous as well as methanolic extract was
observed at 50.57% and 46.74 % respectively
than standard Aspirin at 70.53 %, showing sig-
nificant activity.

Conclusion:

The presence of number of bioactive constitu-
ents in the methanolic and aqueous leaf extract
of zingiber officinale following GC-MS analysis
indicated the usefulness of ginger leaves. The
invitroanti inflammatory activity of zingiber offi-
cinale proved to have significant activity com-
pared to the standard drugs.

Conflict of Interest:The authors have no con-
flict of interest

Acknowledgment:

The authors acknowledge the support and nec-
essary facilities provided by NGSM Institute
of Pharmaceutical Sciences, Mangalore, Nitte
(deemed to be university), Mangalore, in carry-
ing out this work.

References:

1) Williamson, E.M. (2002).Major herbs of
Ayurveda. Churchill Livingstone.

2) Dhanik, J., Arya, N., & Nand, V. (2017). A
Review on Zingiber officinale. Journal of
Pharmacognosy and Phytochemistry, 6,
174-184.

Ambily et al



Current Trends in Biotechnology and Pharmacy
Vol. 16 (3) 316 - 328, july 2022, ISSN 0973-8916 (Print), 2230-7303 (Online)
10.5530/ctbp.2022.3.45

325

3)

4)

5)

6)

7)

8)

9)

10)

Balogun, F. O. ,AdeyeOluwa, E. T. , &Ash-
afa, A. O. T. (2019). Pharmacological Po-
tentials of Ginger. In (Ed.), Ginger Cultiva-
tion and Its Antimicrobial and Pharmaco-
logical Potentials. IntechOpen. https://doi.
org/10.5772/intechopen.88848

Bhatt N, Waly MI, Essa MM, Ali A. Gin-
ger: A functional herb. Food as Medicine.
2013:51-71

Srinivasan, K. (2017). Ginger rhizomes
(Zingiber officinale): A spice with multiple
health beneficial potentials. PharmaNutri-
tion, 5, 18-28.https://doi.org/10.1016/j.pha-
nu.2017.01.001

Bode, A.M., Dong, Z.( 20110)The Amazing
and Mighty Ginger. In: Benzie IFF, Wach-
tel-Galor S, editors. Herbal Medicine: Bio-
molecular and Clinical Aspects. 2nd edi-
tion. Boca Raton (FL): CRC Press/Taylor &
Francis;. Chapter 7.

Mao, Q. Q., Xu, X. Y., Cao, S. Y., Gan, R.
Y., Corke, H., Beta, T., & Li, H. B. (2019).
Bioactive Compounds and Bioactivities of
Ginger (Zingiber officinale Roscoe). Foods
(Basel, Switzerland), 8(6), 185. https://doi.
org/10.3390/foods8060185

Dhanik, J., Arya, N., & Nand, V. (2017). A
Review on Zingiber officinale. Journal of
Pharmacognosy and Phytochemistry, 6,
174-184.

Al-Yahya, M. A., Rafatullah, S., Mos-
sa, J. S., Ageel, A. M., Parmar, N. S., &
Tarig, M. (1989). Gastroprotective activity
of ginger zingiberofficinalerosc., in albi-
no rats. The American journal of Chinese
medicine, 17(1-2), 51-56. https://doi.
org/10.1142/S0192415X89000097

Saurabh, M.A,, Jain, S., Singhai A. (2010).
Hepatoprotective potential of aqueous ex-
tract of Zingiber officinale leaves using CCI.

11)

12)

13)

14)

15)

16)

17)

Oriental Journal of Chemistry.;26(1):279-82.

Bhattacharya, M.A., Mandal P.A., Sen A.R.
(2009).In vitro detection of antioxidants in
different solvent fractions of Ginger (Zin-
giberofficinaleRosc.). Indian J Plant Physi.
14(1);23-7.

Hanif, H., Murad, N.A., Ngah, W.Z., Yu-
sof,Y.A. (2008).Cytotoxicity and Antioxidant
Activity of Zingiber officinale and 6-Gingerol
on HepG2 cells. JurnalKedokteran YAR-
S1.16(1);001-5.

Shukla, Y., & Singh, M. (2007). Cancer
preventive properties of ginger: a brief
review. Food and chemical toxicology :
an international journal published for the
British Industrial Biological Research As-
sociation, 45(5), 683-690. https://doi.
org/10.1016/j.fct.2006.11.002

Ghasemzadeh, A., Jaafar, H.Z., Rahmat, A.
(2010).Antioxidant activities, total phenolics
and flavonoids content in two varieties of
Malaysia young ginger (Zingiber officinale
Roscoe). Molecules.15(6),4324-33.

Gul, R., Jan, S. U., Faridullah, S., Sherani,
S., & Jahan, N. (2017). Preliminary Phy-
tochemical Screening, Quantitative Analy-
sis of Alkaloids, and Antioxidant Activity of
Crude Plant Extracts from Ephedra inter-
media Indigenous to

Mena, P., Cirlini, M., Tassotti, M., Herrlinger,
K. A., Dall'Asta, C., & Del Rio, D. (2016).
Phytochemical Profiing of Flavonoids,
Phenolic Acids, Terpenoids, and Volatile
Fraction of a Rosemary (Rosmarinus offici-
nalis L.) Extract. Molecules (Basel, Switzer-
land), 21(11), 1576. https://doi.org/10.3390/
molecules21111576

Mashhadi, N. S., Ghiasvand, R., Askari,
G., Hariri, M., Darvishi, L., &Mofid, M. R.
(2013). Anti-oxidative and anti-inflammato-

In vitro anti-inflammatory activity of Zingiber officinale



Current Trends in Biotechnology and Pharmacy
Vol. 16 (3) 316 - 328, july 2022, ISSN 0973-8916 (Print), 2230-7303 (Online)
10.5530/ctbp.2022.3.45

18)

19)

20)

21)

22)

23)

24)

ry effects of ginger in health and physical
activity: review of current evidence. Inter-
national journal of preventive medicine,
4(Suppl 1), S36-S42.

Ezhilan, B. P., &Neelamegam, R. (2012).
GC-MS analysis of phytocomponents in
the ethanol extract of Polygonumchinense
L. Pharmacognosy research, 4(1), 11-14.
https://doi.org/10.4103/0974-8490.91028

Suma, A. (2018).GCMS and FTIR analysis
on the methanolic extract of red Vitis vinif-
era seed. World J. Pharm. Sci. 6, 106—113.

Kanthal, L. K., Dey, A., Satyavathi, K,
&Bhojaraju, P. (2014). GC-MS analysis
of bio-active compounds in methanolic
extract of Lactucaruncinata DC. Pharma-
cognosy research, 6(1), 58—-61. https://doi.
org/10.4103/0974-8490.122919

Mohammed ,G.J.,Al-Jassani M.J.,Hameed
I.H. (2016).Anti-bacterial, antifungal activi-
ty and chemical analysis of Punicagranta-
num (Pomegranate peel) using GC-MS and
FTIR spectroscopy.international Journal of
Pharmacognosy and Phytochemical Re-
search;,8(3), 480 — 494,

Kumar, P.P., Kumaravel, S., Lalitha, C.
(2010).Screening of antioxidant activity,
total phenolics and GC-MS study of Vitex
negundo. African Journal of Biochemistry
Research.4(7),191-5.

Trease, G. E. & Evans, W. C. (1989). Trease
and Evan’s Textbook of Pharmacognosy(
13th Edition). Cambridge University Press,
London,pp 546.

Sangeetha, M., Chamundeswari, D., Babu,
C. S., Rose, C., & Gopal, V. (2013). Inves-
tigation of in vitro anti-inflammatory and
in vitro anti-oxidant activity of bark of Al-
biziaproceraBenth. Res. J. Pharm., Biol.
Chem. Sci. 4(4), 311-317.

25)

26)

27)

28)

29)

30)

31)

326

Govindappa, M., Nagasravya, S., Poo-
jashri, M.N., Sadananda, T.S., Chandrap-
pa, C.P., Gustavo Santoyo. S.P., Anil Ku-
mar, N.V.(2011) Antimicrobial, antioxidant
and in vitro anti-inflammatory activity and
phytochemical screening of water extract of
Wedeliatrilobata (L.) Hitchc. J Med Plants
Res.5(24),5718- 29.

Gunathilake, K., Ranaweera, K., &Rupas-
inghe, H. (2018). In Vitro Anti-Inflammatory
Properties of Selected Green Leafy Vege-
tables. Biomedicines, 6(4), 107.https://doi.
org/10.3390/biomedicines6040107

Dugasani, S., Pichika, M. R., Nadarajah,
V. D., Balijepalli, M. K., Tandra, S., &Kor-
lakunta, J. N. (2010). Comparative anti-
oxidant and anti-inflammatory effects of
[6]-gingerol,[8]-gingerol,[10]-gingerol and
[6]-shogaol. Journal of ethnopharmacolo-
gy, 127(2), 515-520.

Bischoff-Kont, I., &Furst, R. (2021). Bene-
fits of Ginger and Its Constituent 6-Shogaol
in Inhibiting Inflammatory Processes. Phar-
maceuticals (Basel, Switzerland), 14(6),
571. https://doi.org/10.3390/ph14060571

Balochistan. TheScientificWorld-
Journal, 2017, 5873648. https://doi.
org/10.1155/2017/5873648

Mena, P., Cirlini, M., Tassotti, M., Herrlinger,
K. A, Dall’'Asta, C., & Del Rio, D. (2016).
Phytochemical Profiing of Flavonoids,
Phenolic Acids, Terpenoids, and Volatile
Fraction of a Rosemary (Rosmarinus offici-
nalis L.) Extract. Molecules (Basel, Switzer-
land), 21(11), 1576. https://doi.org/10.3390/
molecules21111576

Mashhadi, N. S., Ghiasvand, R., Askari,
G., Hariri, M., Darvishi, L., &Mofid, M. R.
(2013). Anti-oxidative and anti-inflammato-
ry effects of ginger in health and physical
activity: review of current evidence. Inter-

Ambily et al



Current Trends in Biotechnology and Pharmacy
Vol. 16 (3) 316 - 328, july 2022, ISSN 0973-8916 (Print), 2230-7303 (Online)
10.5530/ctbp.2022.3.45

32)

33)

34)

35)

36)

37)

38)

national journal of preventive medicine,
4(Suppl 1), S36-S42.

Ezhilan, B. P., &Neelamegam, R. (2012).
GC-MS analysis of phytocomponents in
the ethanol extract of Polygonumchinense
L. Pharmacognosy research, 4(1), 11-14.
https://doi.org/10.4103/0974-8490.91028

Suma, A. (2018).GCMS and FTIR analysis
on the methanolic extract of red Vitis vinif-
era seed. World J. Pharm. Sci. 6, 106—113.

Kanthal, L. K., Dey, A., Satyavathi, K,
&Bhojaraju, P. (2014). GC-MS analysis
of bio-active compounds in methanolic
extract of Lactucaruncinata DC. Pharma-
cognosy research, 6(1), 58—-61. https://doi.
org/10.4103/0974-8490.122919

Mohammed ,G.J.,Al-Jassani M.J.,Hameed
I.H. (2016).Anti-bacterial, antifungal activi-
ty and chemical analysis of Punicagranta-
num (Pomegranate peel) using GC-MS and
FTIR spectroscopy.International Journal of
Pharmacognosy and Phytochemical Re-
search;,8(3), 480 — 494,

Kumar, P.P., Kumaravel, S., Lalitha, C.
(2010).Screening of antioxidant activity,
total phenolics and GC-MS study of Vitex
negundo. African Journal of Biochemistry
Research.4(7),191-5.

Trease, G. E. & Evans, W. C. (1989). Trease
and Evan’s Textbook of Pharmacognosy(
13th Edition). Cambridge University Press,
London,pp 546.

Sangeetha, M., Chamundeswari, D., Babu,
C. S., Rose, C., & Gopal, V. (2013). Inves-
tigation of in vitro anti-inflammatory and
in vitro anti-oxidant activity of bark of Al-
biziaproceraBenth. Res. J. Pharm., Biol.
Chem. Sci. 4(4), 311-317.

39)

40)

327

Govindappa, M., Nagasravya, S., Poo-
jashri, M.N., Sadananda, T.S., Chandrap-
pa, C.P., Gustavo Santoyo. S.P., Anil Ku-
mar, N.V.(2011) Antimicrobial, antioxidant
and in vitro anti-inflammatory activity and
phytochemical screening of water extract of
Wedeliatrilobata (L.) Hitchc. J Med Plants
Res.5(24),5718- 29.

Gunathilake, K., Ranaweera, K., &Rupas-
inghe, H. (2018). In Vitro Anti-Inflammatory
Properties of Selected Green Leafy Vege-
tables.

Biomedicines, 6(4), 107. https://doi.org/10.3390/

41)

42)

43)

44)

45)

biomedicines6040107

Dugasani, S., Pichika, M. R., Nadarajah,
V. D., Balijepalli, M. K., Tandra, S., &Kor-
lakunta, J. N. (2010). Comparative anti-
oxidant and anti-inflammatory effects of
[6]-gingerol,[8]-gingerol,[10]-gingerol  and
[6]-shogaol. Journal of ethnopharmacolo-
gy, 127(2), 515-520.

Bischoff-Kont, I., &Furst, R. (2021). Bene-
fits of Ginger and Its Constituent 6-Shogaol
in Inhibiting Inflammatory Processes. Phar-
maceuticals (Basel, Switzerland), 14(6),
571. https://doi.org/10.3390/ph14060571

Balochistan. TheScientificWorld-
Journal, 2017, 5873648. https://doi.
org/10.1155/2017/5873648

Mena, P., Cirlini, M., Tassotti, M., Herrlinger,
K. A., DallAsta, C., & Del Rio, D. (2016).
Phytochemical Profiing of Flavonoids,
Phenolic Acids, Terpenoids, and Volatile
Fraction of a Rosemary (Rosmarinus offici-
nalis L.) Extract. Molecules (Basel, Switzer-
land), 21(11), 1576. https://doi.org/10.3390/
molecules21111576

Mashhadi, N. S., Ghiasvand, R., Askari,
G., Hariri, M., Darvishi, L., &Mofid, M. R.
(2013). Anti-oxidative and anti-infammato-

In vitro anti-inflammatory activity of Zingiber officinale



Current Trends in Biotechnology and Pharmacy
Vol. 16 (3) 316 - 328, july 2022, ISSN 0973-8916 (Print), 2230-7303 (Online)
10.5530/ctbp.2022.3.45

46)

47)

48)

49)

50)

51)

ry effects of ginger in health and physical
activity: review of current evidence. Inter-
national journal of preventive medicine,
4(Suppl 1), S36-S42.

Ezhilan, B. P., &Neelamegam, R. (2012).
GC-MS analysis of phytocomponents in
the ethanol extract of Polygonumchinense
L. Pharmacognosy research, 4(1), 11-14.
https://doi.org/10.4103/0974-8490.91028

Suma, A. (2018).GCMS and FTIR analysis
on the methanolic extract of red Vitis vinif-
era seed. World J. Pharm. Sci. 6, 106—-113.

Kanthal, L. K., Dey, A., Satyavathi, K,
&Bhojaraju, P. (2014). GC-MS analysis
of bio-active compounds in methanolic
extract of Lactucaruncinata DC. Pharma-
cognosy research, 6(1), 58—61. https://doi.
org/10.4103/0974-8490.122919

Mohammed ,G.J.,Al-Jassani M.J.,Hameed
I.H. (2016).Anti-bacterial, antifungal activi-
ty and chemical analysis of Punicagranta-
num (Pomegranate peel) using GC-MS and
FTIR spectroscopy.international Journal of
Pharmacognosy and Phytochemical Re-
search;,8(3), 480 — 494.

Kumar, P.P., Kumaravel, S., Lalitha, C.
(2010).Screening of antioxidant activity,
total phenolics and GC-MS study of Vitex
negundo. African Journal of Biochemistry
Research.4(7),191-5.

Trease, G. E. & Evans, W. C. (1989). Trease
and Evan’s Textbook of Pharmacognosy(
13th Edition). Cambridge University Press,
London,pp 546.

52)

53)

54)

328

Sangeetha, M., Chamundeswari, D., Babu,
C. S., Rose, C., & Gopal, V. (2013). Inves-
tigation of in vitro anti-inflammatory and
in vitro anti-oxidant activity of bark of Al-
biziaproceraBenth. Res. J. Pharm., Biol.
Chem. Sci. 4(4), 311-317.

Govindappa, M., Nagasravya, S., Poo-
jashri, M.N., Sadananda, T.S., Chandrap-
pa, C.P., Gustavo Santoyo. S.P., Anil Ku-
mar, N.V.(2011) Antimicrobial, antioxidant
and in vitro anti-inflammatory activity and
phytochemical screening of water extract of
Wedeliatrilobata (L.) Hitchc. J Med Plants
Res.5(24),5718- 29.

Gunathilake, K., Ranaweera, K., &Rupas-
inghe, H. (2018). In Vitro Anti-Inflammatory
Properties of Selected Green Leafy Vege-
tables.

Biomedicines, 6(4), 107. https://doi.org/10.3390/

55)

56)

biomedicines6040107

Dugasani, S., Pichika, M. R., Nadarajah,
V. D., Balijepalli, M. K., Tandra, S., &Kor-
lakunta, J. N. (2010). Comparative anti-
oxidant and anti-inflammatory effects of
[6]-gingerol,[8]-gingerol,[10]-gingerol  and
[6]-shogaol. Journal of ethnopharmacolo-
gy, 127(2), 515-520.

Bischoff-Kont, I., &Furst, R. (2021). Bene-
fits of Ginger and Its Constituent 6-Shogaol
in Inhibiting Inflammatory Processes. Phar-
maceuticals (Basel, Switzerland), 14(6),
571. https://doi.org/10.3390/ph14060571

Ambily et al



