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ABSTRACT

Amaranthus tricolor Linn. (Family- Amaranthaceaepplarly known as Joseph’s coat in English. Thenplaas
been used as hepatoprotective and hypoglycemiadian system of traditional medicine. In presentdgt the
hydroalcoholic extract of leaves of Amaranthusdigc L. (HAEAT) 100, 200 and 400 mg/kg body weight
studied for anti-nociceptive and anti-inflammatargtivities in various animal models. Anti-nociceptiactivity was
carried out by using acetic acid-induced abdomimaithing test and hot plate test in mice. Anti-amfimatory
activity was carried out by using carrageenan ingllicat paw edema and cotton pellet induced granaltests in
rats. The results suggested that HAEAT showedfiigni anti-nociceptive activity in acetic acid inckd writhing
model but not in hot plate model which reveals thati-nociceptive activity of HAEAT is of the typ®duced by
non-narcotic analgesics and anti-inflammatory aityiwwas observed in both models. In carrageenamuded rat
paw edema model the extract was found to exhisigrificant reduction in paw volume in late pha8dd 5 h) and
in cotton pellet induced granuloma model HAEAT daesed the increase in weight of cotton pellets. dfserved
pharmacological activities may be due to presenéepbytochemicals like flavonoids, alkaloids, phémnol
compounds, etc present in extract.
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INTRODUCTION

Inflammation plays an important role in variousedises, such as rheumatoid arthritis, atheroscteaosl asthma,
which all show a high prevalence globally. Duringiaflammatory response, mediators, such as ptarmhatory
cytokines, including interleukin (IL)-1, tumour rresis factor (TNF), interferon (INF)-c, IL-6, IL-12L-18 and the
granulocyte—-macrophage colony-stimulating facter leased; this response is antagonized by dtairimatory
cytokines, such as IL-4, IL-10, IL-13, IFN-a anckttransforming growth fact¢t]. Early inflammatory changes in
damaged tissues are known to involve the releasmridus biologically active materials from polyrparnuclear
leukocytes, lysosomal enzymes and others. The laseffects are primarily mediated by kinins, peggandins
and vasoactive amines (histamine) released by oesi{2]. Since prostaglandins are cytoprotective, ltega
administration of nonsteroidal anti-inflammatoryigs (NSAIDs) may induce gastro-intestinal ulcetseling, and
renal disorders due to their non-selective inhobitof both isoforms of the COX enzyme, the constitu(COX-1)
and the inducible (COX-2) isofornj8]. Despite the wide availability of clinically eful agents, and the great
therapeutic efficacy of NSAIDs in controlling inffanatory symptoms, they usually have undesirablkeceff which
are closely connected with their mechanism of a¢tip
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On the other hand several medicinal plants have peeved to posses anti inflammatory actiyily Amaranthus
tricolor L. is a member of Amaranthaceae famiynaranthus tricolor_. is a small annual or biennial herb grows
up to 1 meter in height. Leaves are simple, alteravate or rhomboid, acute or acuminate and bianwn colored.
Amaranthus tricololL. is a species which is very closely relatedAtoaranthus spinosus, Amaranthus hybridus, &
Amaranthus dubiugs]. The methanol extract of the three plamen@ranthus viridis, Amaranthus caudatus and
Amaranthus spinosy$elonging to the family Amaranthaceae has beparted to be analgesic at the doses of 200
mg/kg and 400 mg/kg body weigf]. Amaranthus tricolorL. contains a different betalaifi®]. Amaranthus
spinosusis also reported for its anti-inflammatory actiM®]. Three galactosyl diacylglycerols (1-3) withtpot
cyclooxygenase and human tumor cell growth inhilitactivities have also been isolated from the ésaof
Amaranthus tricololL. but no research was conducted to support in vitbirftammatory activity ofAmaranthus
tricolor L. Linolenic, palmitic acid and spinasterol areocateported to be present in the leaves of the plajt
Amaranthus tricololL. roots are considered as demulcent and in the & decoction used for piles and diarrhea in
children. The plant also possesses antioxidanthepatoprotective activity. The presence of phytaubals like
carbohydrates, flavonoids (betacyanins A and B,ranthin, isoamaranthin and quercetin), proteins amtno
acids (proline, cysteine, tryptophan, leucine, ayhuic acid, etc), steroids and fatty acids have brepnorted to be
present in plarftL1].

As no scientific data on the anti-nociceptive and-mflammatory activity of hydroalcoholic extracf leaves of
Amaranthus tricolorL. (HAEAT) is reported, hence the present studyswdene to evaluate scientifically the
usefulness of this plant.

MATERIALSAND METHODS

2.1. Experimental animals and approval.

Female wistar rats weighing (180-220 g) and Fersaliss albino mice (25-30 g) were purchased fromiddat
Toxicology Centre, Pune, India. They were maintdiaea temperature of 25 + 1 °C and relative huyioli 45 to
55% under 12-h light : 12-h dark cycle. The animad&l access to food pellets (Manufactured by Prakgro
Industries Ltd., Sangli India) and watsd libitum The experimental protocol was approved by Instinal Animal
Ethics Committee (IAEC) constituted in accordand#hthe rules and guidelines of the Committee Far Purpose
of Control and Supervision on Experimental Anim@&CSEA), India (CPCSEA/22/12).

2.2 Preparation of Amaranthustricolor L.

Amaranthus tricolorL. leaves (1 kg) were air dried at room tempemtyowdered and macerated in water:
methanol (50:50) for 7 days with intermittent shmaki The cold macerated extract was then filteretithe filtrate
was dried on tray dryer at 40 °C (yield — 11.4 %vjv/The dry extract was stored in a refrigeratod-& °C and
used for pharmacological studies.

2.3 Collection and authentication of plant

Amaranthus tricolor.. was collected during August 2011 from the logsrket of Pune, Maharashtra, India. The
plant was identified and authenticated at the AkgnaResearch Institute, Pune, India and vouchecisga (WP-
089) was deposited at that institute for futuremefice.

2.4 Preliminary phytochemical screening

Qualitative phytochemical analysis of the extra@swcarried out using standard procedures and testthe
presence of phytochemicals such as glycosidesloalka saponins, flavonoids, phenols and steroddahpounds
[12].

2.5 Acute toxicity study

Acute toxicity study was performed as per OECD gliigts 425. Five female Swiss albino mice were used
study. The animals were kept fasting for overnigtdviding only water. The test drug was adminisieoeally at
one dose level of 2000 mg/kg body weight. In furtle@imals were observed continuously for the #irét and then
periodically up to 24 h for toxic symptoms and rabty.
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2.6 Anti-nociceptive activity

2.6.1. Acetic acid-induced abdominal writhing

Swiss albino mice were randomly divided into fivegps (n=6);
Group 1-Vehicle control,

Group 2-Acetyl salicylic acid (100 mg/kg, p.o.),

Group 3-HAEAT (100 mg/kg, p.o.),

Group 4- HAEAT (200 mg/kg, p.o.),

Group 5-HAEAT (400 mg/kg, p.o.).

The mice were pretreated orally with HAEAT and gisstlicylic acid, 60 min before the administratiohacetic
acid solution at a dose of 10 ml/kg (0.6%, i.p)eTumbers of abdominal constrictions (full extensa both hind
paws) were cumulatively counted over a period ofiriiB [13]. The anti-nociceptive activities were exprebss
mean number of writhes (Table 1) and percentageéititn was calculated by the following formula:

% Inhibition = (1-WT / WC *100)

Where, WC and WT were mean number of writhes oleskrn vehicle control group and treatment group
respectively.

2.6.2. Hot plate test

Swiss albino mice were randomly divided into fivewgps (n=6);
Group 1-Vehicle control,

Group 2-Pentazocine (30 mg/kg, p.o.),

Group 3-HAEAT (100 mg/kg, p.o.),

Group 4- HAEAT (200 mg/kg, p.o.),

Group 5-HAEAT (400 mg/kg, p.o.).

Mice were screened by placing them on Eddy’'s hatiepinaintained at 55 + 1 °C and the reaction tirae secorded
in seconds. The pain threshold was considered teeéehed when animals showed the signs of pawnlickir

jumping. Only mice which reacted with in 15s andakhdid not show large variations when tested amr &eparate
occasions, each 15 min apart, were taken for tte The time for paw licking or jumping on the Eddiot plate

was considered as a reaction time.

Various responses such as paw licking or jumpingewecorded before and after 30, 60, 90, 120, 160180 min
after the oral administration of HAEAT and Pentamel4]. A cut-off time of 15s was used to avoid injup the
animals (Figure 1).

2.7 Anti-inflammatory activity

2.7.1 Carrageenan - induced hind paw edema in rats (acute study)
The wistar rats were divided into five groups (n=6)

Group 1-Carrageenan control,

Group 2-Diclofenac (10 mg/kg, p.o.),

Group 3-HAEAT (100 mg/kg, p.o.),

Group 4- HAEAT (200 mg/kg, p.o.),

Group 5-HAEAT (400 mg/kg, p.o.).

Acute inflammation was produced by injecting 0.1ohl1% lambda carrageenan (Sigma Chemical Co., UBA)
sterile normal saline into the sub plantar regibthe left hind paw of the rft5].

Rats were pretreated orally with HAEAT and diclaieriih before the carrageenan injection. The pawnwelwas
measured from 0-6 h, at an hourly interval usirgytfismometer (Ugo Basile, Italy). The mean chamgésected
paw volume with respect to initial paw volume we=dculated. Percentage inhibition of paw volumeween
treated and control group was calculated by tHewahg formula (Table 3).
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% Inhibition = (1-VT / VC *100)
Where, VT and VC are the mean increase in paw velimtreated and control groups, respectively.

2.7.2 Cotton pellet induced granulomain rats (chronic study)
The wistar rats were divided into five groups (rn=6)

Group 1-Vehicle control,

Group 2-Diclofenac (10 mg/kg, p.o.),

Group 3-HAEAT (100 mg/kg, p.o.),

Group 4- HAEAT (200 mg/kg, p.o.),

Group 5-HAEAT (400 mg/kg, p.o.).

Chronic inflammation was produced by implanting pine-weighed sterile cotton pellets (50mg) in thilaregion
of the each rat through a small incis[@6, 17]. Before implanting the cotton pelletssratere anaesthetized with
anesthetic ether.

HAEAT and diclofenac were administered orally fewen consecutive days after the cotton pellet imptéon. On
the eight day animals were sacrificed by cervidalodation and the cotton pellets were removed fammal's
body, freed from the extraneous tissues, dried &06for 24 h and weighed.

Statistical Analysis

Data was expressed as mean + SEM and statistiedysés was carried out by using GraphPad 5.0 sofwa
(GraphPad, San Diego, USA) by applying one-way AMOWith Dunnett's test or two-way ANOVA with
Bonferroni test p<0.05 was considered to be siggaifi.

RESULTS

3.1 Preliminary phytochemical screening
Preliminary phytochemical analysis of HAEAT showbé presence of glycosides, alkaloids, saponiaspfioids,
phenols and steroidal compounds in the extract.

3.2 Acute oral toxicity

Administration of HAEAT (2000 mg/kg, p.o) did notqaluce any toxic symptoms and mortality. Hence etkteact
was found to be safe at the dose of 2000 mg/kg Bherefore three doses (100, 200 and 400 mg/kg \Wwave
selected for pharmacological studies.

3.3 Anti-nociceptive activity

3.3.1 Acetic acid induced writhing

The number of wriths in HAEAT (100, 200 and 400 kag/pretreated animals was 63 + 1.6, 60 + 1.2 &hd 3.6
respectively. The percentage reduction was for m@gkg (9.08%), 200 mg/kg (14.67%) and 400 mg/kgZ2ZD
The number of wriths in the acetic acid vehicletomingroup was found to be 70 £ 1.8. The resulstimdicated that
HAEAT (200 mg/kg) significantly (p<0.01) and HAEABOO mg/kg) significantly (p<0.001) decreased thenher
of acetic acid induced wriths. Acetyl salicylic @¢L00 mg/kg) appears to be more effective thariykeest dose of
HAEAT in reducing the number of acetic acid induegaiths (Table 1).

Table 1:- Effect of hydroalcoholic extract of leaves of Amaranthustricolor L. (HAEAT) in acetic acid induced writhing in mice.

Treatment Dose (mg/kg, p.o})  Number of writhing dRatage reductio
Vehicle control - 70+1.8 -

Acetyl salicylic acid 100 26 £ 1.5%* 63.26
HAEAT 100 63+1.6 9.08
HAEAT 200 60 + 1.2** 14.67
HAEAT 400 56 + 2.6%** 20.27

Values are expressed as mean + SEM for six aniavadsanalysed by One way ANOVA followed by Dunniests **p<0.01, ***p<0.001 when
compared to vehicle control.
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3.3.2Hot plate
Pentazocin (30 mg/kg, p.o.) significantly increatfesl pain latency whereas HAEAT pretreatment faitethcrease

the pain latency at all the doses (Figure 1).

Figure
Figure 1:- Effect of hydroalcoholic extract of lemvof Amaranthus tricoloiL. (HAEAT) on response latency (sec)
in Eddy’s hot plate model.

209

Latency (sec)

C L) L) L) L) L) L)
(0] 30 60 90 120 150 180
min.
-e— Vehicle control -= Pentazocine 30 mg/kg
—-+— HAEAT 100 mg/kg HAEAT 200 mg/kg - HAEAT 400 mg/kg

Values are expressed as mean + SEM for six aniarasanalysed by Two way ANOVA followed by Bonfépost-hoc test, *p<0.05,
**p<0.01, ***p<0.001 when compared to healthy coatr

Table 2:- Effect of hydroalcoholic extract of leaves of Amaranthustricolor L. (HAEAT) on carrageenan-induced rat paw edema

Change in paw volume (n
AY
Treatment Dose (mg/kg, p.of) Tr 3h 5T
Carrageenan Contrdl - 0.83 £ 0.04 1.90 + 0.0b 2.0M9
Diclofenac 10 0.43 £0.07** | 0.57 £ 0.05*** | 0.37 + 0.08***
(48.19) (70.00) (86.30)
0.77 £0.03 1.80+0.05 | 2.10 + 0.09***
HAEAT 100 (7.23) (5.26) (22.22)
0.68 £ 0.07 1.30 £ 0.08*** | 0.99 + 0.07***
HAEAT 200 (18.07) (31.58) (63.33)
0.65+0.05 | 1.10+0.12** | 0.62 + 0.06***
HAEAT 400 (21.69) (42.11) (77.04)

Values are expressed as mean + SEM for six aniaradsanalysed by Two way ANOVA followed by Bonfepoast-hoc test, ***p<0.001 when
compared to carrageenan control. The figures ingnéinesis indicate the percent inhibition.

3.4 Anti-inflammatory activity

3.4.1 Carrageenan-induced rat hind paw edema (Acute study)

Maximum phlogistic response of carrageenan wasrebdeat 3-5 h after the injection in the controlnaais.
HAEAT (200 mg/kg and 400 mg/kg) produced a sigaifit (p<0.001) reduction in paw volume &t &nd %' h
when compared to carrageenan control animals. HAEKOD mg/kg) showed significant (p<0.001) inhibition
paw volume at 8 h when compared to carrageenan control animal€AfAat 100, 200, and 400 mg/kg showed
5.26%, 31.58%, and 42.11% of inhibition df & and 22.22%, 63.33%, and 77.04% of inhibition58t h
respectively. Diclofenac (10 mg/kg) produced a igant (p<0.001) inhibition in paw volume af|13%, and ' h
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when compared to carrageenan control animals. feichx significantly inhibited the edema formation #9.00%
and 86.30% at'8and %" h respectively when compared to carrageenan danthmals (Table 2).

3.4.2 Cotton pdlet-induced granuloma in rats (chronic study)

In cotton pellet induced granuloma, the HAEAT (286d 400 mg/kg) significantly (p<0.001) inhibitedeth
granuloma formation when compared to vehicle cargroup. The degree of inhibition was dose depehdEme
increase in weight of cotton pellet in HAEAT (1&M0 and 400 mg/kg) pretreated animals was 80 6D % 1.5
and 41 + 0.97 respectively. The percentage inbibitvas for 100 mg/kg (6.98), 200 mg/kg (30.23) @080 mg
(52.33). Diclofenac (10 mg/kg) significantly (p<0X) inhibited the granuloma formation by 67.44%H€a3).

Table 3:- Effect of hydroalcoholic extract of leaves of Amaranthustricolor L. (HAEAT) on cotton pellet-induced granulomain rats

Treatment Dose (mg/kg, p.o}) Increase in weight afotton pellet (mg), Percentage inhibition
Vehicle control - 86+1.4 -
Diclofenac 1C 28 £ 1.4** 67.4¢
HAEAT 100 80+1.3 6.98
HAEAT 200 60 + 1.5** 30.23
HAEAT 400 41 +0.97** 52.33

Values are expressed as mean + SEM for six aniemasanalysed by One way ANOVA followed by Dunnetts *p<0.05, ***p<0.001 when
compared to vehicle control.

DISCUSSION

Over the centuries, a number of medicinal plantsehzeen used for the treatment of the disordersceded with
the inflammatory conditions. These medicinal plante their activities due to the phytoconstitueartsd may exert
anti-inflammatory effect by interfering generallyitiv the inflammatory pathways or specifically witertain
components of the pathway, such as release ofnflasximatory mediators, migration of leukocytes unde
inflammatory stimulus with consequent release efditoplasmic contents at inflammatory sjt&. Therefore, the
present study was aimed at evaluating the scieriidsis for the traditional use Amaranthus tricolorL. usingin
vivo nociceptive and inflammatory models.

The present study demonstrates that systemic asinaition of the HAEAT, at doses that did not proglaay motor
performance alteration, produced consistent artieeptive and anti-inflammatory effects in diffetenodels of
pain and inflammation. The anti-nociceptive effeEHAEAT was observed in acetic acid-induced writhimodel,
but not in the hot plate model. Moreover, HAEAT gwuced anti-inflammatory effect on carrageenan-ieduat
paw edema and cotton pellet induced granulomats fide preliminary phytochemical study performédwged
the presence of glycosides, alkaloids, saponiaspfioids, phenols and steroidal compounds in the&x Acute
toxicity studies revealed the non-toxic nature xtfact at the dose of 2000 mg/kg. There was nacteed@ctions or
mortality found at selected doses until the enstodly period.

The acetic acid induced writhing test has long besed as a screening tool for the assessment igi@ziteptive
properties of new substand8% Acetic acid causes an increase in peritonle#d of prostaglandin EEPGE?2) and
prostaglandin F2a (PGF2a) and it is a very semsithodel for screening anti-nociceptive effect ofraots.
Experiments on mice showed that acetic acid irjecthduces an inflammatory process by causing gissjury
[19]. The HAEAT exhibited anti-nociceptive activity atetic acid induced writhing model. It significanithhibited
the abdominal constrictions in mice. The obsergfdcts of the HAEAT suggested that prostaglandiay be
involved in the action of the extract. HAEAT progdcsignificant results at the dose of 200 mg/kgo(p¥) and
400mg/kg (p<0.001) compared to vehicle control grauthe acetic acid induced writhing study whidldicates
high level of analgesic activity at that doses. WAHailed to exhibit any significant anti-nociceypsi activity in the
hot plate model which reveals that the anti-nodigepactivity of HAEAT is of the type produced bypm-narcotic
analgesicgl4].

It is well known that the inflammatory process @used by the release of mediators from tissuesnagrating
cells, and most strongly implicated are the prdatatjns (PGs), leucotrienes (LTs), histamine, bkaudy, platelet-
activating factor (PAF) and interleukin{20]. The carrageenan induced rat paw edema isitabli test for
evaluating anti-inflammatory activity of extra¢i$]. Carrageenan is a family of linear sulphgpetysaccharides
extracted from the red seaweed marine alghendrus crispusLambda carrageenan is used in animal models of
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inflammation to test activity of new compounds, d&ese dilute carrageenan solution (1-2%) injectianses
swelling and paifi21]. The oedema development in rat after the tigecof carrageenan has been described as a
biphasic evertl]. The first phase of which results from the comitant release of histamine, serotonin and kinins
and a second phase correlates with the elevatedugion of prostaglandins, oxygen-derived free caldi,
production of inducible cyclooxygenase and localtraphil infiltration and activatiof2]. The edema induced by
carrageenan is highly sensitive to NSAIDs and lenkaccepted as a useful indicator for identifghmynew anti-
inflammatory moleculesThe results of the carrageenan induced paw inflatmomaevealed that HAEAT (100, 200
& 400 mg/ kg) produced significant inhibition ofywadema as compared to carrageenan control grdwgpeffect

of HAEAT was observed between 1 to 6 h. The raaditated that the HAEAT was effective in prevegtenmore
sustained late phase (3 to 5 h) regulated by nghitio infiltration and sustained production of en&onic
metabolites prostanoids (primarily by cyclooxygex)as nitric oxide from inducible nitric oxide symse.

Chronic anti-inflammatory activity was investigatadainst a foreign body granuloma produced by intplg a
pellet of cotton in a model of sub chronic prolétve inflammatiorf16]. The cotton pellet granuloma method has
been widely employed to assess the transudativelatixe and proliferative components of chronidamfmation
[23]. The repair phase of inflammation starts adifaration of fibroblasts, as well as multiplicati of small blood
vessels. Such proliferating cells penetrate thedabas producing a highly vascularised reddened k@@an as
granulation tissue. The fluid absorbed by the pejteatly influences the wet weight of the granudoamd the dry
weight correlates well with the amount of granulémog tissue formed [24]. In this study, HAEAT dexsed the
increase in weight of cotton pellets as compare¢eticle control group. This may be due to itsigbih reducing
the number of fibroblasts and synthesis of collagiett mucopolysaccharide, which are natural prolifegaagents

of granulation tissue formation.

CONCLUSION

In conclusion, this study clearly showed that HAES&Howed anti-nociceptive activity against acetiicl acduced
writhing model and anti-inflammatory activity agsircarrageenan induced rat paw edema and cotttat peluced
granuloma in rats. This activity can be attributedits phytochemical constituents like glycoside#aloids,
saponins, flavonoids, phenols and steroidal comgeymesent in the extract.
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