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ABSTRACT

The objective of the present study was to evaluate the anti-inflammatory activity of Turmesac® on chemically
induced inflammation in experimental animals. Oral administration of Turmesac® in two different doses (250 and
500 mg/kg body weight) by using 5% croton oil induced ear edema and 1% histamine induced paw edema test.
Diclofenac sodium (10mg/kg) was used as a standard drug. The anti-inflammatory activity was evaluated using
croton oil induced ear edema model in mice and histamine-induced paw edema model in wistar albino rats. The
anti-inflammatory activity was found to be dose dependent on croton oil induced ear edema model. The
Turmesac® has shown significant (P < 0.05) inhibition of ear edema, 58.65% on 2hr and 57.25% on 4hr at the
doses of 500 mg/kg, respectively. Similar patterns of paw edema inhibition was seen in histamine induced paw
edema model at the doses of 250mg/kg and 500 mg/kg, respectively. In conclusion, the present study
demonstrated potent anti-inflammatory activity of Turmesac® in both acute (croton induced ear edema and

histamine induced paw edema) inflammation models.
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INTRODUCTION

Natural products provide a repertory for the discovery of
new leads drugs that can be used in treating different
types of illnesses such as cancer, inflammation and liver
diseases. More than half of these all pharmaceutical
products were discovered from natural compounds or
their derivatives. In the United States and Europe,
approximately 65% of patients use herbal medicines
against liver disease, due to their wide availability, low
toxicity, pharmacological activity, chemical diversity and
low side effects compared to synthetic drugs.**
Curcuma longa commonly known as Turmeric has been
used as a medicinal herb in India from ancient times. It
played a great role in the day-to-day life of ancient
Indians as a treatment for wounds, stomach ache, cough,
poison etc. In addition, it is used for dyeing clothes and
in the worship their god and goddesses. This plant has
acquired great importance of the modern world with its
anti-inflammatory, anticancer, antioxidant, and a variety
of other medicinal properties.”! The rhizomes of C.
longa contain approximately 2% volatile oils, composed
mainly of o and B-turmerone, monoterpenes® (Leung
AY et al., 1996), 5% curcuminoids, mainly curcumint’
(Budavari S, 1996), demethoxycurcumin, bis-
demethoxycurcumin and dihydrocurcumin, minerals,
carotene and vitamin C.*! (Kapoor LD, 1990). C.
longa contribute to the anti-inflammatory and immune-
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stimulatory activities of NR-INF-02.! Therefore, this
study has been conducted to evaluate the anti-
Inflammatory activity of Turmesac® on chemically
induced inflammation in two different animal models.

MATERIALS AND METHODS

Collection of Samples

Turmeric rhizomes were collected from Maharashtra,
March 2019, India, and then authenticated by a botanist,
R&D division, Star Hi Herbs Pvt. Ltd, Jigani, Bengaluru,
Karnataka, India. The turmeric rhizomes were carefully
cleaned, dried, powdered, and stored in an airtight
container until the extraction procedure.

Preparation of the Turmesac®
Turmesac® is manufactured and registered by Star Hi
Herbs Pvt. Ltd, Jigani, Bangalore, Karnataka, India.

Drugs and Chemicals Used

Croton oil and histamine was purchased from Hi Media,
Mumbai, India. Standard anti-inflammatory drug
diclofenac sodium was purchased from Recon,
Bangalore, India.

Animals

The studies were carried out using 30 Swiss albino mice
(30-35gm each) and 30 male wistar albino rats(180-
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200g). They were obtained from the animal house,
Bharathi College of pharmacy Mandya, Karnataka, India.
The animals were grouped and housed in polyacrylic
cages (38 x 23 x10 cm) with not more than six animals
per cage and maintained under standard laboratory
conditions (Temperature 25 + 2° C) with dark and light
cycle (12/12 h). All the animals were acclimatized to
laboratory condition for a week before commencement
of experiment. The ethical clearance was obtained from
Institutional Animal Ethics Committee (IAEC) before
the experiment (1135/PO/Re/S/07/CPCSEA).

EVALUATION OF
ACTIVITY

Croton oil-Induced Ear Edema.

This experimental procedure was performed using the
method of Hosseinzadeh et al.™” Swiss Albino mice of
either sex weighing 30-35 grams were divided into five
groups of six animals each. The dosage of the drugs
administered to the different groups was as follows.
Group | Control (normal saline 10 ml/kg), Group Il
Negative control (2.5% Croton oil), Group 111 diclofenac
sodium (10mg/kg) was used as a standard drug, IV
Turmesac® 250 mg/kg and Group- V Turmesac® 500
mg/kg b.wt. The edema was induced in each mouse by
applying 50 uL croton oil to the inner surface of the right
ear. Ninety minutes after croton oil daubing, the mice
were executed by cervical dislocation, and both ears
were removed and weighed.!*!

ANTI-INFLAMMATORY

Histamine-Induced Inflammation

The anti-inflammatory activity of the Turmesac® was
determined using histamine induced rat paw edema
method.? Wister albino rats of either sex weighing 180-
200 grams were divided into five groups of six animals
each. The dosage of the drugs administered to the
different groups was as follows. Group -1 Control
(normal saline 10 ml/kg), Group - Il Negative control
(histamine), Group 111 Diclofenac sodium (10mg/kg), 1V
Turmesac® 250 mg/kg and Group V — Turmesac® 500
mg/kg. b.wt. Diclofenac sodium served as the reference
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standard anti-inflammatory drug. Turmesac® were
administered to rats at 1 hr before the induction of
inflammation. Edema was assessed as the difference in
paw volume between the control and 0.5, 1, 2, 3, and 4 h
after the administration of the inflammatory agent
inhibition.

RESULTS

Croton oil-Induced Ear Edema

The topical application of croton oil caused an increase
in the weight of the ears of the animals due to the
development of edema, as can be observed in the control
group (Fig. 1 and Table-1). The edema was induced in
each mouse by applying 50 pL croton oil to the inner
surface of the right ear. Ninety minutes after croton oil
daubing, the mice were executed by cervical dislocation,
and both ears were removed and weighed. The
Turmesac® reduced the edema significantly when
compared to the control (P < 0.05 and P < 0.01,
respectively). Diclofenac sodium10mg/kg body weight
used as a standard anti-inflammatory drug. Turmesac®
(250 and 500 mg/kg) showed a percentage of inhibition
edema reduction of 44.65% (P< 0.5) and 57.25% (P<
0.01) respectively. Percentage inhibition was calculated
by using the following formula.

% inhibition = (Difference of ear weight in control group
- Difference of ear weight in test group)/Difference of
ear weight in control group x100.

Histamine-Induced Inflammation

Inflammation was induced in rats by the injection of 0.1
mL 0.1% histamine in normal saline into the subplantar
tissue of the right hind paw in rats. Test drugs were
administered to rats at 1 hr before the induction of
inflammation. Control group received 10 mL/kg body
weight of distilled water orally. Edema was assessed as
the difference in paw volume between the control and
0.5hr, 1hr, 2hr and 4hr after the administration of the
inflammatory agent, inhibition. The results were given in
the following Table-2 and Figure-2.

Table 1: The effect of Turmesac® on Croton oil induced ear edema. Turmesac® (250 and 500 mg/kg)
significantly inhibited Croton oil induced ear edema in mice in a dose-dependent manner, at the interval of 2hr

and 4 hr.

Treatment % inhibition
Ohr 2hr 4hr At 2hr | At4dhr

Control 0.306+0.091 | 0.306+0.019 | 0.306+0.069 -

Croton oil 0.308+0.023 | 0.786+0.039 | 0.786+0.059 -

Standard (Diclofenac 0.310+0.051 | 0.320+0.029™ | 0.326+0.019™ | 59.28% | 58.52%

sodium10mg/kg p.o)

Low dose (250mg/kg p.0) | 0.310+0.032 | 0.425+0.091" | 0.435+0.039" | 45.92% | 44.65%

High dose (500mg/kg p.0) | 0.305+0.09 | 0.325+0.079" | 0.335+0.029" | 58.65% | 57.25%

All values are expressed as mean + SD; **=P < 0.01, *= P < 0.05 v/s croton oil control
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Figure 1: Effect of Turmesac® on croton oil induced ear edema in mice.

Table 2: The effect of Turmesac® on Histamine induced paw edema. Turmesac® (250 and 500 mg/kg) gave
significant reduction of histamine-induced paw edema after 1hr, thus, confirming an NSAID-like property.

Treatment 0 hr 0.5hr 1lhr 2hr 4hr

Group-1 (control-only vehicle) 1.94+0.3 1.9+0.9 1.9+0.9 1.9+0.9 | 1.9+0.9
Group-11 (Toxic control) vehicle + histamine 1.9+0.6 2.6+0.2 3.240.4 | 38414 | 3.8%£14
Group-I11 (Diclofenac sodium10mg/kg p.o + histamine) | 1.940.7 | 2.3+0.9+0.4" | 2.720.1" | 2.2+0.6" | 2.2+0.2"
Group-1V (Low dose (250mg/kg p.o) + histamine) 1.9+0.6 2.6£0.5" 3.0+1.2° | 2.9+0.9" | 2.8+0.7°
Group-V (High dose (500mg/kg p.o) + histamine) 1.9+0.8 2.140.6° | 2.8+0.8" | 2.3+0.6" | 2.3+0.2"

All values are expressed as mean + SD; **= P < 0.01 *= P < 0.05 v/s Histamine control

Effect of Turmesac® on histamine-induced paw edema in rats
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Figure 2: Effect of Turmesac® on histamine-induced
paw edema in rats.

DISCUSSION

Acute inflammation is characterized by classical
symptoms, such as heat, redness, swelling and pain.
Edema (swelling) is therefore a good measure of
inflammation and is useful for the quantification of skin
inflammation induced by phlogistic agents such as croton
oil. Croton oil-induced ear edema is a widely used
method for studying the inflammatory process in skin,
and for identifying anti-inflammatory agents that could
be useful in the treatment of skin disorders.** In
croton oil-induced ear oedema in mice, croton oil
contains 12-O-tetracanoilphorbol-13-acetate (TPA) and
other phorbol esters as main irritant agents. The TPA is
able to activate protein kinase C, which activates other
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enzymatic cascades in turn such as cyclooxygenase 2 and
inducible nitric oxide synthase (Aquila et al. 2009).M
This cascade of events stimulates vascular permeability,
vasodilation, polymorphonuclear leukocytes migration,
histamine and serotonin release and moderate synthesis
of inflammatory eicosanoids by cyclooxygenase and 5-
lipoxygenase enzymes (Wang et al. 2001; Murakawa et
al. 2006).2*'" The effect of Turmesac® on croton oil-
induced ear oedema is probably attributed to lipophilic
substances that are able to penetrate through the skin
barrier (Okoli et al. 2007).*¥ Histamine is one of the
inflammogens that contributes to acute inflammation and
increase of vascular permeability.*¥ The present study
documents for the first time the ability of Turmesac® to
suppress the histamine-induced inflammation in rats.
Paw edema assay is a useful tool for investigating agents
with potential anti-inflammatory capabilities. The
present study showed that exposure of rat’s paw to
histamine triggered an elevation in fluid extravasations
from micro vessels in the vicinity, an event that led to
tissue swelling. The results showed that Turmesac® was
able to significantly suppress histamine-induced paw
edema in rats, and this may probably due to the
inhibition of the H, receptor or other signaling molecules
down its pathway. Histamine Hj receptor expressed in

endothelial cells of blood wvessels is important for
regulating vascular permeability™!, and increased
permeability occurs once it is activated.
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Vascular endothelial growth factors (VEGFS) are known
as key regulators of permeability and binding to their
receptors trigger an increase in vascular permeability.?"!
Upregulation and downregulation of VEGF expression
contributes to abnormal angiogenesis indirectly leading
to  vascular  hyperpermeability.”?  Furthermore,
overproduction of VEGF also contributes to progression
to other diseases such as coronary disease’®® and
cancer.”? Ghosh and colleagues™® demonstrated that
histamine enhanced the production of VEGF during
acute inflammation. VEGF release and its above-
mentioned effects on vascular permeability and cellular
infiltration could contribute to edema formation. Thus, it
is very important to regulate VEGF production in cells
either by suppression when it is overproduced or vice
versa. Our results showed that the oral administration of
Turmesac® in rats decreased the histamine-induced
VEGF production, indicating that Turmesac® may have
the potential to regulate vascular permeability by
monitoring the expression of VEGF.

The overall results showed that Turmesac® exerted a
significant anti-inflammatory activity in different models
of inflammation.

CONCLUSION

In conclusion the Turmesac® showed significant anti-
inflammatory effects in croton induced ear edema and
histamine induced paw edema inflammation models.

Our results revealed that administration of Turmesac®
inhibited the edema starting from the first hour and
during all phases of inflammation, which is significantly
inhibition of different aspects and chemical mediators of
inflammation.

REFERENCES
1. Harvey, A. Strategies for discovering drugs from

previously unexplored natural products. Drug
Discov. Today, 2000; 5: 294-300.
2. Gordaliza, M. Natural products as leads to

anticancer drugs. Clin. Transl. Oncol, 2007; 9: 767—
776.

3. Zhang, A.; Sun, H.; Wang, X. Recent advances in
natural products from plants for treatment of liver
diseases. Eur. J. Med. Chem., 2013; 63: 570-577.

4. P.N. Ravindran, K. Nirmal Babu, K. Sivaraman.
“Turmeric: the genus Curcuma,” volume 45.CRC
Press, Boca Raton, FL, 2007; 1-2: 277-280.

5. Leung AY and S. Foster. Encyclopedia of Common
Natural Ingredient Used in Food and Cosmetics, 2nd
edition, New York, John Wiley and Sons Inc., 1996;
499-501.

6. Budavari S. The Merck Index: An Encyclopedia of
Chemicals, Drugs and Biological, 12th Edition,
Whitehouse Station, New York, Merck and Co. Inc.,
2003; 1674.

7. Kapoor LD. CRC Handbook of Ayurvedic
Medicinal Plants, Boca Raton: CRC Press, 1990;
149-150.

www.ejbps.com

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

European Journal of Biomedical and Pharmaceutical Sciences

Sengupta M, Sharma GD, Chakraborty B:
Hepatoprotective and immunomodulatory properties
of Aqueous extract of Curcuma longa in carbon tetra
chloride intoxicated Swiss albino mice. Asian Pac J
Trop Biomed, 2011; 1(3): 193-199.

Chinampudur V. Chandrasekaran, Kannan
Sundarajan, Jothie R. Edwin, Giligar M.
Gururaja, Deepak Mundkinajeddu, and Amit
Agarwal: Immune-stimulatory and anti-
inflammatory activities of Curcuma longa extract
and its polysaccharide fraction. Pharmacognosy
Res., 2013; 5(2): 71-79.

H. Hosseinzadeh, M. H. Haddadkhodaparast, and A.
R. Arash, “Antinociceptive, antiinflammatory and
acute toxicity effects of Salvia leriifolia benth. Seed
extract in mice and rats,” Phytotherapy Research,
2003; 17(4): 422-425.

H. T. Chen, Y. K. Jing, Z. Z. Ji, and B. F. Zhang,
“Synthesis and anti-inflammatory and anticancer
activities of  2-(E)-(un)substituted benzylidene
cyclopentanones and their Mannich base hydro
chlorides. Acta Pharm,” Sinica, 1991; 26: 183-192.
D. G. Marinho, D. S. Alviano, M. E. Matheus, C. S.
Alviano, and P. D. Fernandes, “The latex obtained
from Hancornia speciosa Gomes possesses anti-
inflammatory activity,” Journal of
Ethnopharmacology, 2011; 135(2): 530-537.

Winter C.A, Risley E.A, Nuss G.W: Carrageenin-
induced oedema in hind paws of the rat as an assay
for anti-inflammatory drugs. Proc. Soc. Exp. Biol.
Med., 1962; 111: 544-547.

L. M. De Young, J. B. Kheifets, S. J. Ballaron, and
J. M. Young, “Edema and cell infiltration in the
phorbol ester-treated mouse ear are temporally
separate and can be differentially modulated by
pharmacologic agents,” Agents Actions, 1989; 26:
335-341.

Jutel M, Akdis M, Akdis CA. Histamine, histamine
receptors and their role in immune pathology. Clin
Exp Allergy, 2009; 39: 1786-1800.

Aquila S, Giner RM, Recio MC, Spegazzini ED, Rio
s JL. Anti-inflammatory activity of flavonoids from
Cayaponia tayuya roots. J Ethnopharmacol, 2009;
121: 333-337.

Murakawa M, Yamaoka K, Tanaka Y, Fukuda Y. In
volvement of tumor necrosis factor (TNF)-alpha in
phorbol ester 12-O-tetradecanoylphorbol-13-acetate
(TPA)-induced skin edema in mice. Biochem
Pharmacol, 2006; 71: 1331-1336.

Okoli CO, Akah PA, Nwafor SV, Anisiobi Al, Ibegb
unam IN, Erojikwe O. Anti-inflammatory activity of
hexane leaf extract of Aspilia africana C.D.
Adams. J Ethnopharmacol, 2007; 109: 219-225.

M. Gébor, Mouse Ear Inflammation Models and
Their Pharmacological Applications, Akadémiai
Kiadd, Budapest, Hungary, 2000.

Ghosh AK, Hirasawa N, Ohuchi K. Enhancement by
histamine of vascular endothelial growth factor
production in granulation tissue via H2 receptor. Br
J Pharmacol, 2001; 134: 1419-1428.

442


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3582463/#B16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3582463/#B17
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3582463/#B18
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3582463/#B19
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3582463/#B20
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chandrasekaran%20CV%5BAuthor%5D&cauthor=true&cauthor_uid=23798880
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sundarajan%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23798880
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sundarajan%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23798880
https://www.ncbi.nlm.nih.gov/pubmed/?term=Edwin%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=23798880
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gururaja%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=23798880
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gururaja%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=23798880
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mundkinajeddu%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23798880
https://www.ncbi.nlm.nih.gov/pubmed/?term=Agarwal%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23798880
https://www.ncbi.nlm.nih.gov/pubmed/?term=Agarwal%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23798880
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3685767/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3685767/

Sadashiva C et al. European Journal of Biomedical and Pharmaceutical Sciences

21. Nagy JA, Benjamin L, Zeng H, Dvorak AM, Dvorak
HF. Review paper: Vascular permeability, vascular
hyperpermeability and angiogenesis. Angiogenesis,
2008; 11: 109-119.

22. Bates DO, Harper SJ. Review article: regulation of
vascular permeability by vascular endothelial
growth factors. Vascul Pharmacol, 2003; 39: 225-
237.

23. Bates DO. Vascular endothelial growth factors and
vascular permeability. Cardiovasc Res,., 2010; 87:
262-271.

24. Eriksson A, Cao R, Pawliuk R, Berg SM, Tsang M,
Zhou D, Fleet C, Tritsaris K, Dissing S, Leboulch P,
Cao Y. Placenta growth factor-1 antagonizes VEGF-
induced angiogenesis and tumor growth by the
formation of functionally inactive PIGF-1/VEGF
heterodimers. Canc Cell, 2002; 1: 99-108.

25. Wang HQ, Kim MP, Tiano HF, Langenbach R, Sma
rt RC. Protein kinase C-alpha coordinately regulates
cytosolic phospholipase A2 activity and the
expression of ciclooxygenase-2 through different
mechanism in mouse Kkeratinocytes. Mol Pharmacol,
2001; 59: 860-6.

www.ejbps.com 443



