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ABSTRACT

Objective: The aim of present study was evaluation of anti-inflammatory activity of the various extracts of
Ziziphus jujube leaves and barks in animal models by mercury displacement volume method. Materials and
methods: Leaves and barks of Ziziphus jujube were powdered, sieved and extracted separately with petroleum
ether, chloroform, 90% ethanol and distilled water. Paw edema in animals was produced individually by injecting
a 0.1ml volume of formalin into the sub - plantar tissue of the rat hind paw foot. Test drugs petroleum ether
extract, chloroform extract, alcoholic extract and aqueous extracts were given orally to all test groups
individually at a dose of 200mg/kg according to the body weight. Analgin was used as a standard reference drug.
% inhibition produced by Ziziphus jujube leaves and bark extract was comparable with Analgin. Result: The
experiment result showed statistically significant anti-inflammatory activity in albino rats against formalin-
induced rat paw edema. Study indicates that Ziziphus jujube leaves and bark extract possess significant anti-
inflammatory.
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some cases, like arthritis, autoimmune diseases
trigger inflammation when there are no invaders to
fight off by the immune system. Inflammation is
mainly concerned about the response of living
tissues to injury, which involves a complex array
of enzyme activation, mediator release and
extravasations of fluid, cell migration, tissue
breakdown and repair*°. Anti-inflammatory activity
is important for wound healing procedure. In this
phenomenon, immune responsive compounds like
cytokinins and interleukins are produced by
keratinocytes, B lymphocytes, T lumphocytes and
macrophages®™. Jujube is the common name of
Ziziphus jujube and it is also called red date,
Chinese date and Ber in Chhattisgarh'***.
Phytoconstituents  of  this  plant contain
ziziphussaponin I, 1l and Ill, betulinic acid,
aiphitolic acid, betulonic acid, oleanolic acid,
ursolic acid, jujubosides A, B, B1l, XI
jujubogenin, spinosins, sanjoinines, swertish etc*>?.
This plant also contains cyclic peptide alkaloids,
which are sativanine C, G, E, H, F, D and K,
sanjooinenine,  franguloine and  amphibine,
jubanine- C, scutianine-C and zizyphine -A were
isolated®**. Phytoconstituents are present including
saponins, flavonoids, sugars, mucilage, vitamin A,
vitamin B2, Vitamin C, minerals such as calcium,
phosphorus and iron are found in fruits®.

Ziziphus jujube is used to cure chronic hepatitis,
chest and rib pain, reduce blood pressure, laxative
agent, antitussive, cure wounds, aphrodisiac,
digestible, used in vomiting, thirst, treat
tuberculosis, cure blood sickness, leucorrhea and
eye ailments. Pharmacologically it is used as an
antidiabetic, sedative, antioxidant, anxiolytic,
sweetness inhibiting properties, anticancer, anti-
obese effect, hypolipidemic, wound healing activity,
CNS depressant, myocardium protecting activities,
antimicrobial, immunostimulant,  antinephritic,
antiulcer, antifertility, anxiolytic, anti-
inflammatory, permeability enhancement activity,
anti-proliferative and apoptotic effect etc® .

The plant parts were collected from the Jashpur
District of Chhattisgarh, India. A plant specimen
was identified and authenticated by a Botanist from
Guru  Ghasidas  Vishwavidyalaya, Bilaspur,
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Chhattisgarh, India. The voucher number is SLT /
Med. Plant/03/2009 was deposited in the
Department of Pharmacy (Pharmacognosy), Guru
Ghasidas Vishwavidyalaya, Bilaspur, Chhattisgarh,
India.

Preparation of extracts

Plant parts were cleaned by removing all unwanted
particles, dried under shade, and powdered by the
electric grinder. 100 gm of powdered plant parts
were extracted by solvents of increasing polarity
with petroleum ether, chloroform, 90% alcohol, and
distal water by wusing Soxhlet apparatus
successively. All extracts were filtered separately,
concentrated by vacuum pressure and dried. All
physical characteristics and yields of all extracts
were noted.

Phytochemical screening

All extracts were dissolved in suitable solvents and
various chemical tests were carried out for
phytoconstituents present in the plant part. The
phytoconstituents present in all leaf and bark
extracts were confirmed by qualitative analysis.
Animal procurement of animals

Animals were obtained from the department of
Pharmacy. Guru Ghasidas Vishwavidyalaya,
Bilaspur, Chhattisgarh. Albino rats of both sexes
weighing between 200 and 250 gm were taken for
the experiment. They were housed in an animal
house under standard environmental conditions.
Standard pellets and water were given to animals
for free access. All procedures and protocols were
approved by the Institute of Animal Ethics
Committee (IAEC) and the registration number is
994/a/06/CPCSEA. All animal experiments were
carried out strictly according to the guidelines of
CPCSEA.

Experimental design

The rat hind paw oedema method is the simplest
and most widely used model for studying the anti-
inflammatory activity of new phytoconstituents or
extracts. The paw oedema induced by histamine
5HT, bradykinin, dextran, hyaluronidase, formalin,
and prostaglandin E1 has been used for studying the
antagonism to these mediators. These agents can be
injected in a 01 ml volume of suitable
concentration in sterile saline into the subplantar
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tissue of the rat hind paw foot, and the paw volume
can be measured immediately by the
plethysmometric method®%.

Determination of anti-inflammatory activity

In the present study, the formalin induced rat hind
paw oedema method was used to determine anti-
inflammatory activity. Analgin was used as a
standard drug.

Albino Wister rats (200-250 g) were used for the
study. The animals were divided into seven groups,
with six rats in each group. Inflammation was
produced in animals by injection of 0.1 ml of
1% wi/v formalin into the subplantar region of the
left hind paw. This experimental method was
applied to all extracts of Ziziphus jujube leaf and
bark in their respective anti-inflammatory activity.
Group 1 (normal control): Received sterile saline, to
serve as control.

Group 2 (formalin control): Received formalin
(0.1ml).

Group 3 (standard): Received formalin (0.1 ml) and
Analgin (30 mg/kg) as standard.

Group 4 (test group): Received formalin (0.1 ml)
and petroleum ether extract at a dose of 200 mg/kg.
Group 5 (test group): Received formalin (0.1 ml)
and chloroform extract at a dose of 200 mg/kg.
Group 6 (test group): Received formalin (0.1 ml)
and alcoholic extract at a dose of 200 mg/kg.

Group 7 (test group): Received formalin (0.1 ml)
aqueous extract at a dose of 200 mg/kg.

The paw volume was measured after formalin
injection. The average paw swelling in the group of
extract treated rat was compared with the control
group and the percentage change in oedema was
calculated.

Statistical analysis

Values are expressed as the mean + SEM of six
observations. Data was analyzed by one way
analysis of variance (ANOVA) followed by
Dunnett’s comparison test, using the computerized
software GraphPad in stats. P < 0.05 and P < 0.001
were considered to be statistically significant.
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RESULTS AND DISCUSSION

Phytochemical screening

Qualitative analysis of various extracts revealed that
alkaloids, glycosides, saponins, flavonoids and
phenolic compounds are present in plant parts.
Physical characteristic and yield

Physical characteristics and yield of all extracts are
given in Table No. 1.

Anti-inflammatory activity

Injection of formalin inflammagens into the
subplantar surface of rat hind paw produced a
marked increase in paw volume as compared to the
control group. The results of the anti-inflammatory
effect of Ziziphus jujube are shown in Table No.1.
Significant activity was shown by Ziziphus jujube
leaf and bark extracts as compared to the control
group. But 200 mg/kg leaf alcoholic extract showed
maximum anti-inflammatory activity as compared
to control. Results are represented in Table No.2
and Table No.3, Figure No.1 and Figure No.2.
Discussion

Inflammation is a natural, complex, protective
biological response in living organisms. In this
process, pathogens, damaged cells, and irritants
initiate the healing process for the inflammatory
sites. When the tissues are damaged, then tissue
mediated responses and neurogenic  responses
occur that release histamine, 5HT, prostaglandins,
cyclooxygenase, bradykinin and serotonin®. Some
other chemicals, like interleukin, interferon, tumor
necrosis factors and granulocytes macrophage
colony stimulating factors, are also released. The
liberation of these chemicals is responsible for the
pain and inflammation of tissue®’. Formalin induces
paw edema, which closely resembles human
arthritis. The Inflammatory effect of formalin is
given by tissue mediated and neurogenic responses.
The plant species used in the study was selected
based on ethnomedicinal use in the treatment of
inflammation in Chhattisgarh. In the present study,
all the extracts exhibited significantly reduced paw
edema as compared to the standard drug. Plant
extracts reduce inflammation by inhibiting the
release of chemical mediators at inflamed sites.
Recent research  has revealed thatbnumerous
flavonoids contributed substantially to several
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plants anti-inflammatory properties**. Thus, the
present experiment clarifies that the bioactive
substance flavonoids may influence the anti-
inflammatory activity. However, animal studies and
other studies are required to identify and isolate the
active constituents that are responsible for the anti-
inflammatory activity.

Table No.1: Physical characteristics and yield of various extracts

S.No Extracts Nature Colour Yield (gm) %Yield (w/w)
1 Pet. ether ext. of Ziziphus jujube Seml Blackish 159 159
leave powder Solid green
5 Chlor_of_orm extract of Ziziphus Seml Black 0.42 0.42
jujube leave powder Solid
3 Etha_n(_)llc extract of Ziziphus Sen_u Reddish black 562 5 62
jujube leave Powder Solid
4 Aqu_ec_)us extract of Ziziphus Solid Chocolate 5 68 5 68
jujube leave powder red
5 Pet. ether ext. of Ziziphus jujube Solid Green 118 118
bark powder
6 Chlorpfprm extract of Ziziphus Solid Black 0.62 0.62
jujube bark powder
7 Ethanol extract of Ziziphus Solid Black red 5.62 5.62
jujube bark powder
8 Aque_o_us extract. of Ziziphus Solid Bl_ackls_h _red 6.12 6.12
jujube bark powder with shining
Table No.2: Anti-inflammatory activity of Ziziphus jujube leaves and bark extracts
Paw edema volume (ml)
S.No Group Dose Ziziphus jujube leaf extract | Ziziphus jujube stem bark extract
30 min 60 min 30min 60 min
1 Control (distal water) 0.50+0.03 0.51+0.002 0.50+0.003 0.50+0.002
2 Formalin (1%) control 0.1ml 1.45+0.02 1.45+0.012 1.65+0.05 1.65+0.006
3 Forma'(':nZ?;i rf;a”dard 30mg | 1.06£0.043** | 0.92+0.004** | 1.00+0.002** |  1.12+0.03**
g | Formalin and petroleum | o0 0 | 3510 00g** | 1.3040.002%% | 1.6040.062%% | 1.55+ 0.06%*
ether extract
5 Formalin and 200mg | 1.40£0.032%* | 1.2420.032** | 1.35£0.02%* 1.4£0.002%*
chloroform extract
6 Forma"gjt”rgci'c"ho“c 200mg | 1.09£0.005%* | 0.93£0.0036** | 1.52+0.01%* | 1.50% 0.004**
7 Forma"gxirr‘sci‘q”eous 200mg | 1.3240.001** | 1.15+0.006%* | 1.45+.03** | 1.35+0.002%*

Mean £SEM, (n=6) followed by Dunnett’s test, Significant at **P<0.01,*P<0.05, ns P>0.05. Ns - Not significant.
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Table No.3: % inhibition of Anti-inflammatory activity of Ziziphus jujube leaves and bark extracts

% inhibition of paw edema
S.No Group Dose | Ziziphus jujube leaf extract us jujube stem barkextract

30 min 60 min 30min 60 min
1 Control (distal water) - - - -
2 Formalin (1%) control 0.1ml - - - -
3 Formalin and standard (analgin) 30mg 25% 35.5% 33% 32%
4 Formalin and petroleum ether 200mg 6.3% 13.3% 30 6%

extract

5 Formalin and chloroform extract | 200mg 3.4% 14.4% 13% 15%**
6 Formalin and alcoholic extract 200mg 24% 35.8% 7% 9.3%
7 Formalin and aqueous extract 200mg 8.3% 23% 12% 13.1%

Note: % Inhibition = DO-Dt/D0x%100 where DO was the average inflammation of the group of rats after 30 min
treatment of formalin; and Dt was the average inflammation of the drug treated rats after 30 and 60 min.

Antimflaammmatory effect of Z. Jujube leaves and
barks extract
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Figure No.1: Anti-inflammatory effect of Ziziphus jujube leaves and bark extracts on formalin induced
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Figure No.2: Percentage inhibition of paw edema volume with rats after drug administration
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CONCLUSION

In  conclusion, the results of the present
investigation that Ziziphus jujube leaf and bark
extracts exhibit anti-inflammatory activities. This
activity is due to the presence of flavonoids and
phenolic substances present in the plant. Flavonoids
are known to target prostaglandins, which are
involved in the late phase of acute inflammation.
Hence, the presence of flavonoids may be to anti-
inflammatory activity. Further studies may reveal
the exact bioactive substances by isolation and
structural elucidation and well as the mechanism of
action responsible for the anti-inflammatory action.
This study may be helpful for the development and
formulation of new herbal drugs for the
management of inflammation. The present study
may also support the fact that this medicinal plant is
traditionally used in treating diseases associated
with inflammatory pain.

ACKNOWLEDGEMENT

Authors are thankful to the department of
Pharmacy, Guru Ghasidas Vishwavidyalaya,
Bilaspur, Chhattisgarh, for providing laboratory
facilities to carry out the research work.

CONFLICT OF INTEREST
We declare that we have no conflict of interest.

BIBLIOGRAPHY

1. Tunon H, Bohlin L. Evaluation of anti-
inflammatory activity of some Swedish
medicinal plants. Inhibition of prostaglandin
biosynthesis and PAF-induced exocytosis, J
Ethnopharmacol, 48(2), 1995, 61-76.

2. Yesilada E, Ustin O, Sezik E, Takaishi Y,
Ono Y, Honda G. Inhibitory effects of
Turkish folk remedies on inflammatory
cytokines: Interleukin-lalpha, interleukin-
lbeta and tumor necrosis factor alpha, J
Ethnopharmacol, 58(1), 1997, 59-73.

3. Li R W. Myrs S P, Leach D N, Lin G D,
Leach G. A cross-cultural study: Anti-
inflammatory activity of Australian and
Chinese plants, J. Ethnopharmacol, 85(1),
2003, 25-32.

Available online: www.uptodateresearchpublication.com

4. Vane J R, Bolting R M. New insights into the
mode of action of anti- inflammatory drugs,
Inflammation Res, 44(1), 1995, 1-10.

5. Perianayagam J B, Sharma S K, Pillai K K.
Anti-inflammatory activity of Trichodesma
indicum root extract in experimental animals,
J. Ethnopharmacol, 104(3), 2006, 410-414.

6. Sagin F G, Sozmen E Y. Anti-inflammatory
effects of dietary antioxidants, Current
Medicinal Chemistry - Anti-Inflammatory and
Anti-Allergy Agents, 3(1), 2004, 19-30.

7. Oguntibeju O O. Medicinal plants with anti-
inflammatory  activities  from  selected
countries and regions of Africa, Journal of
Inflammation Research, 11, 2018, 307-317.

8. Ofori-Baah S, Borquaye L S, Zang T.
Ethanolic leaf extract from Strophanthus
gratus (Hook.) Franch, (Apocynaceae)
exhibits anti-inflammatory and antioxidant
activities, Cogent Biology, 5(1), 2019,
1710431

9. Conforti F, Sosa S, Marrelli M, Menichini F,
Statti G A, Uzunov D, Tubaro A, Menichini
F, Loggia R D. In vivo anti-inflammatory and
in  vitro  antioxidant  activities of
Mediterranean dietary plants, Journal of
Ethnopharmacology, 116(1), 2008, 144-151.

10. Borquaye L S, Doetse M S, Baah S O,
Mensah J A, Kanduluru A K. Anti-
inflammatory and anti-oxidant activities of
ethanolic extracts of Tamarindus indica L.
(Fabaceae), Cogent Chemistry, 6(1), 2020,
1743403.

11. Jacob N J, Badyal D K, Bala S. Evaluation of
the In vivo anti-inflammatory and analgesic
activity of a highly water-soluble aspirin
conjugate, Basic and Clinical Pharmacology
and Toxicology, 112(3), 2012, 171-174.

12. Mahajan R T, Chopda M Z. Phyto-
pharmacology of Ziziphus jujuba mill - A
plant review, Pharmacogn, Rev, 3(6), 2009,
320-329.

13. Https://en.wikipedia.org/wiki/Jujube.

14. Nadkarni K M. Indian Materia Medica,
Popular Prakashan, Bombay, 1986, 1315-
1319.

April —June 92



Neeli Rose Beck and Kamta Prasad Namdeo. /Asian Journal of Research in Chemistry and Pharmaceutical Sciences. 12(2), 2024, 87-94.

15.

16.

17.

18.

19.

20.

21.

22.

Ziyaev R, Irgashev T, Israilov | A, Abdullaev
N D, Yunusov M S, Yunusov S Y. Alkaloids
of Ziziphus jujuba structure of iusiphine and
iusirine, Khimiya Prirodnykh Soedinenii,
1977, 239-243.

Yoshikawa M, Murakami T, lkebata A,
Wakao S, Murakami N, Matsuda H J Y.
Bioactive saponins and glycosides. X. On the
constituents of Zizyphi spinosi semen, the
seeds of Ziziphus jujuba Mill. var. spinosa Hu
(1):  Structures and histamine release-
inhibitory effect of jujubosides Al and C and
acetyljujuboside B, Chem Pharm Bull, 45(7),
1997, 1186-1192.

Yoshie  Kurihara, Kazuyoshi  Ookubo,
Hiroyuki Tasaki, Hisashi Kodama, Yukio
Akiyama. Studies on taste modifiers. |I.
Purification and structure in leaves of
Ziziphus jujuba, Tetrahedron, 44(1), 1988,
61-66.

Gong Cheng, Yanjing Bai, Yuying Zhao, Jing
Tao, Yi Liu, Guangzhong Tu, Libin Ma.
Flavonoids from Ziziphus jujuba Mill var.
spinasa, Tetrahedron, 56(45), 2000, 8915-
8920.

Sang Myung Lee, Bung Sun Min, Cheal-Gyu
Lee, Kab-Sig Kim. Cytotoxic triterpenoids
from the fruits of Zizyphus jujube, Planta
Medica, 69(11), 2003, 18-21.

Guo S, Duan Jao, Tang Y, Su S, Shang E, Ni
S, Qian D. High-performance liquid
chromatography-Two wavelength detection
of triterpenoid acids from the fruits of
Ziziphus jujuba containing various cultivars
in different regions and classification using
chemometric analysis, J. Pharm. Biomed.
Anal, 49(5), 2009, 1296-1302.

Fukuyama Y, Mizuta K, Nakagawa K,
Wenjuan Q. A new neo-lignan, a
prostaglandin 12 inducer from the leaves of
Ziziphus jujube, Planta Medica, 6, 1986, 501-
502.

Singh S, Pandey M B, Singh J P, Pandey V B.
Peptide alkaloids from Zizyphus sativa bark,
Journal of Asian Natural Products Research,
8(8), 2007, 733-737.

Available online: www.uptodateresearchpublication.com

23.

24,

25.
26.

217.

28.

29.

30.

31.

32.

33.

Tripathi M, Pandey M B, Jha R N, Pandey V
B, Tripathi P N, Singh J P. Cyclopeptide
alkaloids from Zizyphus jujuba, Fitoterapia,
72(5), 2001, 507-510.

Devi S, Pandey V B, Singh J P, Shah A H.
Peptide alkaloids from Zizyphus species,
Phytochemistry, 26(12), 1987, 3374-337.
www.ibiblio.org, 20009.

Abedini M R, Erfanian N, Nazem H, Jamali
S, Hoshyar R. Anti-proliferative and
apoptotic effects of Ziziphus Jujuba on
cervical and breast cancer cells, Avicenna J.
Phytomedicine, 6(2), 2016, 142-148.
Al-Saeedi A H, Al-Ghafri M T H, Hossain M
A. Brine shrimp toxicity of various polarities
leaves and fruits crude fractions of Ziziphus
jujuba native to Oman and their antimicrobial
potency, Sustain. Chem. Pharm, 5(1), 2017,
122-126.

Na, Min-Kyun, An, RenBo, Lee, Sang-
Myung, Yoo, Jae-Kuk, Lee, Chan-Bok.
Screening of crude drugs for antioxidative
activity, Korean Journal of Pharmacognosy,
32(2), 2001, 108-115.

Hsieh W. Lee M Lin Y, Liao J. Anxiolytic
effect of seed of Ziziphus jujuba in mouse
models of anxiety, Journal of
Ethnopharmacology, 72(3), 2000, 20-23.
Sang M L, Jin G P, You H L, Cheal G L,
Byung S M, Jung H K, Hyeong K L. Anti-
complementary activity of triterpenoides from
fruits of Zizyphus jujube, Biol. Pharm. Bull,
27(11), 2004, 1883-1886.

Shiv Kumar, Ganachari M S, Nagoor V S B.
Anti-inflammatory activity of Ziziphus jujuba
Lamk, leaves extract in rats, Journal of
Natural Remedies, 4(2), 2004, 183-185.

Eley J G, Hossein D. Permeability
enhancement activity from Ziziphus jujube,
Pharmaceutical Biology, 40(2), 2002, 149-
153.

Ganachari M S, Shiv K, Bhat K G. Effect of
Ziziphus  jujube  leaves  extract on
phagocytosis by human neutrophils, Journal
of Natural Remedies, 4(1), 2004, 47-51.

April —June 93


http://www.ibiblio.org/

Neeli Rose Beck and Kamta Prasad Namdeo. /Asian Journal of Research in Chemistry and Pharmaceutical Sciences. 12(2), 2024, 87-94.

34. Ganachari M S, Kumar S. Anti-Ulcer
Properties of Ziziphus jujuba lam leaves
extract in rats, Journal of Natural Remedies,
4(2), 2004, 103-108.

35. Begum, Begum Z, Uddin M, Haider A,
Barman R. Effects of methanol extract of
piper chaba stem bark on acute inflammation
in rats, Faridpur Medical College Journal,
7(1), 2012, 26-28.

36. Zakaria Z A, Patahuddin H, Mohamad A S,
Israf D A, Sulaiman M R. In vivo anti-
nociceptive and anti-inflammatory activities
of the aqueous extract of the leaves of Piper
sarmentosum, Journal of
Ethnopharmacology, 1289(1), 2010, 42-48.

37. Tunon H, Olavsdotter C, Bohlin L.
Evaluation of anti-inflammatory activity of
some Swedish medicinal plants, Inhibition of
prostaglandin biosynthesis and PAF-induced
exocytosis, J Ethnopharmacology, 48(2)
1995, 61-76.

38. Bohlin L. Structure-activity studies of natural
products with anti- inflammatory effects,
1995, 137-161.

39. Aiamsa-ard T, Monton C, Lakkana N. Acute
toxicity, analgesic and anti-inflammatory
activities of folk Thai herbal medicine: Yafon
Formula, JCST, 2024, Article 33, 14.

40. Fayez N, Khalil W, Abdel-Sattar E. et al. In
vitro and in vivo assessment of the anti-
inflammatory activity of olive leaf extract in
rats, Inflammopharmaco, 31(3), 2023, 1529-
1538.

41. Shrivastava A K, Keshari M, Manisha
Neupane M, Chaudhary S, Dhakal P K,
Shrestha L, Palikhey A, Yadav C K,
Lamichhane G. Evaluation of antioxidant and
anti-inflammatory activities and metabolite
profiling of selected medicinal plants of
Nepal, Journal of Tropical Medicine, 2023.

Please cite this article in press as: Neeli Rose Beck and Kamta Prasad Namdeo. Assessment of anti-inflammatory
activity of Ziziphus Jujube leaves and bark extracts on formalin induced rat Paw Edema Animal model, Asian Journal
of Research in Chemistry and Pharmaceutical Sciences, 12(2), 2024, 87-94.

Available online: www.uptodateresearchpublication.com April —June 94




