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ABSTRACT

Medicinal plants are an important source of substm) which have been shown to induce non-specific
immunomodulatory effects. Salvia species showedirdlatmmatory properties. This study was carriedt do
investigate the role of hydroalcoholic and chlomofiic extracts of salvia candidissima on hyperalgesidema, and
serum TNFa level during adjuvant-induced arthritis. Inflamr@at was induced by a single subcutaneous injection
of complete Freund’s adjuvant into the rats’ hinawp Hydroalcoholic and chloroformic extracts wenejpared
from aerial parts of the plant, and different dos&sthe extracts were administered during 21 dafystady.
Hyperalgesia, edema, and serum TilRwvere assessed by radiant heat, plethysmometer,EAn8SA technique,
respectively. Administration of hydroalcoholic amtiloroformic extracts of Salvia candidissima siguihtly
reduced paw edema, hyperalgesia, and serum d Nfel. Moreover, the hydroalcoholic extract wagngiicantly
more effective on the studied variables than tHeroformic extract. Then, it can be concluded thgtiroalcoholic
and chloroformic extracts of Salvia candidissimaelaependently reduce paw edema and hyperalgesiagdu
CFA-induced arthritis. These effects can be mediatedecreased serum TNHevels.
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INTRODUCTION

Inflammation is a protective response of tissueisjury [1], which is divided into acute and chromhases; acute
phase refers to orchestrated reactions charaadebigéncreased blood flow and vascular permeabiltng with
the accumulation of fluid, leukocytes, and inflaniamg mediators such as cytokines, and chronic phssa
dysregulated form of inflammation, which referssgecific humoral and cellular responses causeddyptesence
of pathogens in the site of injury [2, 3]. Hyperdg and edema are two important symptoms of imflation [2].
Several cytokines, such as Interleukin (Ilf)-iumor necrosis factor (TNFe)- IL-6 and some chemokines, play key
roles in acute inflammatory processes. TiNks a systemic marker of inflammation and a veryepb pro-
inflammatory cytokine, which is essential for trecnuitment of neutrophils to the site of inflamroati[3]. This
cytokine is not only involved in acute inflammatibat also in chronic inflammatory reactions [4]. A is a key
cytokine involved in the pathogenesis of rheumatuithritis (RA), causing a chronic inflammatorytstan which
the synovial membrane is the primary site of attéicis believed that TNkis a key mediator in the development
of joint damage in RA [5]. Therapies directed aghifiNFu are effective in treatment of RA and reduce pabres
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in this condition [6, 7]. There are several modelsinducing arthritis. One of these models is ctete Freund’s
adjuvant (CFA)-induced arthritis, which is widelgad in etiopathogenic investigational drug and ke studies,
due to its similarity to human RA. It has been shdhat local injection of CFA can mimic animal RAodel and
cause hyperalgesia and edema, which are assowiitethcreased local and systemic secretion of kiyes, such
as IL-18, IL-6, and TNFe [8].

Use of herbal products is growing worldwide, beeatlsey are available to consumers as over-the-eo@TC)
drugs in various forms of preparations and dosesiods factors are believed to contribute to theeasing trend
for the use of herbal supplements, which are deviist the desire for self-medication, easy avaligbiand the
perceptions that herbs are safer, gentler, and desly than conventional drugs [9, 10]. The ger8avia
(Lamiaceag includes about 900 species spread all over thiédwand 17 species of them are endemic in Iraf [11
Plants belonging to this genus are pharmacologieailive and have been used in folk medicine adirakie world.
Many Salvia species and their isolated constituents have bewn to have significant antioxidant activity in
enzyme-dependent and enzyme-independent systems3lLA he phytochemical analysis ®&lviaspecies showed
the presence of several compounds, mostly belonginghe groups of phenolic acids, phenolic glycesid
coumarins, anthocyanins, flavonoids, polysaccharideerols, terpenoids, and essential oils [14, TbBis species
has several properties, such as antibacterialpadént, antitumor, and cholinergic binding [13,-19]. Many
Salvia species, such &s fruticosa, S. verticillataandS. trichocladahave been shown to have anti-inflammatory
properties [20]S. candidissim& herbaceous perennial native in western Greedearts of Turkey, Iraqg, and Iran
[21]. There are not enough evidences about ar@simhatory effects of this species, but some studigisated that
the chloroformic extract db. officinalisL. leaves have strong anti-inflammatory propertigsr aopical application.
Ursolic acid, as an active component of sage, leas Ishown to have strong anti-inflammatory propertlt has
been found that anti-inflammatory effect of ursodcid was two-fold more potent than indomethacig].[2
Considering the increased inflammatory mediatoradjuvant-induced inflammation, the role of TNFn the
induction inflammatory symptoms such as edema apétalgesia, unavailability and high cost of sytithdrugs,
and the anti-inflammatory properties 8flvia species, we aimed to study the effects of hydobedtic and
chloroformic extracts o8 candidissimaon hyperalgesia, edema, and serum TdNevel during adjuvant-induced
arthritis in male Wistar rats.

MATERIALS AND METHODS

Plant collection and extract preparation and formulation

The aerial parts db. candidissimavere collected during its flowering stage from UamWVest Azerbaijan Province,
Iran. A voucher specimen (MPH-1755) of identifiddm was deposited in Medicinal Plants and DrugseRech
Institute Herbarium of Shahid Beheshti Universifghran, Iran. The collected aerial parts were @daair dried,
chopped into small pieces, and powdered for expregparation. In the next step, in order to provigidroalcoholic
extract, 250 g of the plant powder was exposedb methanol for 72 h. For chloroformic extracti&0p g of the
plant powder was mixed with chloroform for 72 h.tiaxts were filtered using filter paper. The cleatracts were
separated from their solvents by rotary under vacat55°C. Concentrated extracts were refrigeratefC. Dried
extracts were solved in dimethyl sulfoxide (DMSO).

Phytochemical and toxicity study
Standard phytochemical screening tests were usedréen the extracts. Qualitative analyses of thatpvere
performed to detect saponins, alkaloids, and teripsr{23].

Median lethal dose (LE) was determined using the method described byd {#K]. Treatment was performed by
intraperitoneal (i.p.) injection of different dos€25, 50, 100, 200, and 400 mg/kg) of hydroalcahabi
chloroformic extracts. Rats were monitored for 2d/glafter treatment. The final kPvalue was calculated as the
square root of the product of the lowest lethaledmsd highest nonlethal dose.

Laboratory animals

Seventy-two male Wistar rats, weighing 180 to 220ege used in the present study. The animals weaaged in
two sets of 6 groups (6 rats in each group). Rasewoused in standard environmental conditions{22C,
humidity 60-70%), under a 12 h light/dark cycleheTanimals were allowed a standard diet and watarept
during the time of experiment. For habituationhe taboratory environment, animals were placedhénlaboratory
environment for at least half an hour before tretstf the experiment. The study protocol was apgdoby the
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local ethics committee for the use of animals isesrch and we followed the guidelines of ethicahdards for
investigations of experimental pain in animals [25]

Induction of inflammation

Inflammation was induced on day O by a single stétepus injection of 100L of CFA emulsion and 100L of
double-distilled water into the right hind paw bktanimals. Control rats only received injectiorstdrile mineral

oil (100 uL). This animal model showed a rapid primary inflaation response to the adjuvant. Unilateral edema
was observed during the first hour after CFA irpttinto hind paw (acute phase) and continued Hoee weeks
(chronic phase) [26, 27].

Paw volume measurement

To confirm the inflammation induction, hind paw uoie was measured before and after injections dulififierent
periods of study. The measurement was performatidplacement of an electrolyte solution containiafl| 4-7%

in a plethysmometer (model 7141; Ugo Basile; Com¥#, Italy), as described previously by our lalsiddy, rats
were taken out of their cages and their hind paw s@bmerged to the tibiotarsal joint into an eldgte-filled
Perspex cell of the plethysmometer. The volume ispldcement, which was equal to the paw volume, was
indicated on a digital display system. Volume measient was performed twice for each paw, and tlezages
were calculated. The edema was quantified by meastine difference in foot volume between day O &mel
various time points [28, 29].

Thermal hyperal gesia assessment

Hyperalgesia was assessed according to our prestadges [28, 30]. In brief, thermal hyperalgesirevexamined
in both experimental and control groups using @atest, in which an infrared heat source is dagd¢hrough the
floor of the chamber onto the plantar surface afmafis paw. An automatic timer was activated coilerit with
heat radiation and stopped with flicking of the pae time from onset of radiant heat to withdraafathe hind
paw was recorded by a digital timer and considasegaw withdrawal latency (PWL). If the rat faitedwithdraw
its paw from stimulus by 20 s, the test was termteidaand the animal was assigned this cut-off vaRWL was
measured two times for each paw at an interval-d® $nin and the mean latency was calculated. Tfierdnce
between right and left foot PWLs were calculatethgisdl-1 equation. Negative values indicated thesgmee of
hyperalgesia in right paw (H, hyperalgesia; R, tidh left; and t, time).

g (Rl + R2 + R3) (Ll + L2 + Lt3)
3 3

(1-1)

Blood sampling and serum TNF-a measurement

Rats were retro-orbitally bled under light anesid@sto heparinized tubes during the experimentatedure. The
samples were centrifuged and then stored at -78Alood samplings were done simultaneously fochegroup
(8:00 to 8:15 am). Serum TNkwas measured using standard rat enzyme-linked imosarbent assay (ELISA) kit
(Bender Med System, UK). The kit cross-reactivityhwthe rat serum TNF was 100%. Assessment proeedas
performed according to the manufacturer’s prot¢gd).

Experimental procedure and experimental groups

Rats were randomly divided into different experitargroups: CFA (control); CFA + extract; CFA + DIX@S
(vehicle), and CFA + indomethacin (n = 6/group).ACF extract group was divided into two subgroups of
hydroalcoholic extract and chloroformic extractated. The subgroups separately received threaelitfeloses (25,
50, and 100 mg/kg) of the extracts. Injection ofhbpolar (hydroalcoholic) and non-polar (chlorofacjnextracts
and indomethacin were performed from day 1 afte’AGRjection to day 21 at a certain time (8 to 9 am)
Indomethacin, a standard non-steroidal anti-inflaxtory agent, was injected (i.p.) at a dose of Sgng/

Before the onset of experiments, the rats were lwegiginflammation was induced by injection of CHAe effects
of the treatment with different doses of hydroalahand chloroformic extracts &. candidissimawere assessed
during acute and chronic phases of CFA-inducedumnfhation. To determine if dose-response relatignehisted,
different experiments were performed with differdonses (25, 50, and 100 mg/kg) of the extractsdédles of the
extracts used during different stages of treatmame obtained from the same batch. Administratioextracts was
performed daily at the same times, after injectadnCFA during the 21 days of study. Serum TlRevel,
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hyperalgesia, and edema were measured on days/018, and 21 of the study. Indomethacin as adstahanti-
inflammatory agent was injected at the same timfie&al volume of each injection was about 1 ml/rat.

Statistical analysis

Data analysis was performed using the software SP&Sion 19). One-way ANOVA and post-hoc Tukeysts
were used for intra-group comparison of hyperalgestlema, and serum TNHevel, and unpaired student t-test
was used for a more detailed comparison of chabgegeen groups. All results were presented as metandard
error (SEM) and statistical significance was aceépatt p<0.05. All graphs were plotted using Exoftveare.

RESULTS

Phytochemical and toxicity studies

Phytochemical study of the extracts showed theemas of flavonoids, saponin glycosides, and tenrgsndur
alkaloid test result was negative. The dried hykha®olic extract had 0.83% (w/w) of flavonoid oretbasis of
hyperoside.

Our results indicated that Lpof both extracts were near 315 mg/kg. Accordinguofindings, when rats received
doses above LD50 of the extracts, they showed deedemobility, respiratory distress, cyanosis, iritity, and
death.

Hyperalgesia variations during different stages of study

Plantar injection of CFA caused significant incee&s hyperalgesia. In the CFA group, hyperalgegjaificantly
increased on the 3rd, 7th, 14th, and 21st daysefstudy compared to day O. In this case, on daftef CFA
injection, hyperalgesia was significantly greateart days 3, 14, and 21 (p<0.001 for all).

Administration of hydroalcoholic or chloroformiextracts ofS. candidissimaat doses of 25, 50 and, 100 mg/kg
significantly decreased hyperalgesia in a dosettlég® manner on days 3, 7, 14, and 21 compareket@CEA
control group. Reduction of hyperalgesia in the @hj&cted rats were significantly greater duringatment with
50 and100 mg/kg doses of the extracts, compardtetdose of 25 mg/kg on days 7, 14, and 21 (p<Oi@0days 3
and 7, p<0.01 for day 14, and p<0.05 for day 2130Athere were no significant differences betwten anti-
hyperalgesic effects of 50 and 100 mg/kg dosebetktracts during different stages of study, s the dose of
50 mg/kg of the extracts was considered as effectose (Table 1). Administration of the effectiase of extracts
(hydroalcoholic or chloroformic) in CFA-treated satsignificantly reduced hyperalgesia compared te th
indomethacin-treated group (5 mg/kg) on 7th anch lddys of study (p<0.001 for both). Moreover, oesults
indicated that administration of the effective dagehydroalcoholic extract 08. candidissimavas significantly
more effective than chloroformic extract in the uetion of CFA-induced hyperalgesia on days 7 andRihe
study (p<0.01) (Figure 1).

Paw volume variations during different stages of study

Paw volume significantly increased in CFA-injectats on days 3, 7, 14, and 21 compared to day 0.¢a<for day

3 and p<0.001 for all other days). In this studg feund that administration of hydroalcoholic ofochformic
extracts ofS. candidissimat doses of 25, 50, and 100 mg/kg in CFA-inflamat$ rcaused a significant dose-
dependent reduction in paw edema. Both hydroaléolawid chloroformicextracts at doses of 50 and 100 mg/kg
significantly reduced paw edema on days 3, 7, tid,24 compared to the CFA-treated control rats @3D). Also,
the results showed that 50 and 100 mg/kg dosekeoéxtracts were more effective than dose of 2%kgngy the
reduction of edema on days 7, 14, and 21 (p<OTgre were no a significant differences betweeresla$ 50 and
100 mg/kg in terms of paw volume reduction. Consedly, the dose of 50 mg/kg was considered as téffedose
(for both extracts) (Table 2).

Administration of the effective dose of hydroalcbboor chloroformic extracts of S. candidissimacaused
significantly less reduction in paw edema than mdthacin-treated (5 mg/kg) rats on day 3 (p<0.68),n CFA +

extract treated rats paw edema reduction on dayg,7and 21 was significantly more than indomethaated
group (p<0.01 for day 7 and p<0.001 for other days)ally, our results showed that administratiérthe effective
dose of hydroalcoholic extract was significantlyrsmpotent than chloroformic extract in reductiorpafv edema in
CFA-treated rats (p<0.001) (Figure 2).
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Table 1. Effects of long term treatment with diffelent doses of hydroalcholic and chloroformi@xtracts of S. candidissma on hyperalgesia

variations
Hydroalcholic Chloroformic
extracts extracts
Groug N Mean value of withdrawal latenci Groug N Mean value of withdrawal latenci
between right and left hindpaws between right and left hindpaws
CFA CFA
0 dof 6 0.11+0.0! 0 d of 6 0.11+0.0!
treatment treatment
3d after 6 -2.45+0.1¢ 3 d after 6 -2.45+0.1¢
treatment treatment
7 d after 6 -5.88+0.14 7 d after 6 -5.88+0.14
treatment treatment
14 d of 6 -3.46+0.13 14 d of 6 -3.46+0.13
treatment treatment
21d of 6 -2.43+0.08 21 d of 6 -2.43+0.08
treatment treatment
CFA+ Extract CFA+ Extract
(25 mg/kg) (25 mg/kg)
0d of 6 .1+0.05 0d of 6 .183+0.07
treatment treatment
3d after 6 -2.21+0.13 3 d after 6 -2.13+0.1
treatment treatment
7 d after 6 -3.01+0.21 7 d after 6 -3.240.1
treatment treatment
14 d of 6 -1.91+0.7 14 d of 6 -1.930.11
treatment treatment
21d of 6 -1.63+0.01 21dof 6 -1.93.#0.12
treatment treatment
CFA+ Extract CFA+ Extract
(50 mg/kg) (50 mg/kg)
0d of 6 .11+0.1: odd 6 .11+0.0°
treatment treatment
3d after 6 -1.41+0.7! 3 d after 6 -1.39+0.0¢
treatment treatment
7 d after 6 -1.32+0.4! 7 d after 6 -1.85+0.1¢
treatment il treatment fidizid
14 d of 6 -1.34+0.7t 14 d of 6 -1.43+0.0:
treatment treatment
21d of 6 + -0.8+.0.8: 21 d of 6 -1.22+0.0°
treatment + treatment
CFA+ Extrac CFA+ Extrac
(100 mg/kg) (100 mg/kg)
0d of 6 .13+0.1% 0d of 6 .085+0.0°
treatment treatment
3d after 6 -1.31+0.7! 3 d after 6 -1.51+0.1:
treatment treatment
7 d after 6 -1.35+0.11 7 d after 6 -1.65+0.1
treatment treatment
14 d of 6 -1.38+0.11 14 d of 6 -1.41+0.11
treatment treatment
21dof 6 -1.25+0.04 21d of 6 -1.360.04
treatment treatment
Indomethacin Indomethacin
(5mg/kg) (5mg/kg)
0d of 6 -13320.1 0d of 6 -133+0.1
treatment treatment
3d after 6 -1.13+0.08 3 d after 6 -1.13+0.08
treatment treatment
7 d after 6 -3.78+0.34 7 d after 6 -3.78x0.34
treatment treatment
14 d of 6 -2.15+0.1 14 d of 6 -2.1540.1
treatment treatment
21d of 6 -1.26+0.12 21 d of 6 -1.26+0.12
treatment treatment

*** P<(0.001, vs day 0 of hydroalcholic (50mg/kg)omp.
### P<0.001, vs day O of chloroformic (50mg/kg)ugro +<0.01vs day 21 in CFA group; Y <0.05vs day in CFA group
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Figure 1. Comparison of paw withdrawal latencies beveen hydroalcholic and chloroformic extract treatel rats.
Administration of effective dose of hydroalcholtract was more potent than chloroformic extrachyiperalgesia reduction in CFA-inflamed
rats. Data are presented as meantSEM (n=6/groug¥.P<0.01: for comparing hydroalcholic with chlomfmic extract- treated (50mg/kg)
groups on day 7.; €€ P<0.01: for comparing hydrdetic with chloroformic extract- treated (50mg/lgrpups on day 21.

Table 2. Effects of treatment with different dose®f hydroalcholic and chloroformic extracts of S. candidissima on paw volume variation

Hydroalcholic extract: Chloroformic extract:
Groug N Paw edema variatit Groug N Paw edem variatior
CFA CFA

0 d of treatment 6 1.1+0.086 0 d of treatment 6 +0.(086
3 d after treatment 6 1.53+.008 3 d after treatment6 1.53+0.08
7 d after treatment 6 1.96+0.012 7 d after treatmen 6 1.96+0.012

14 d of treatment 6 2.3+0.086 14 d of treatmgnt 6 .3+2086
21 d of treatment 6 2.8+0.076 21 d of treatmgnt 6 .8+2086

CFA+ Extract CFA+ Extract
(25 mg/kg) (25 mg/kg)

0 d of treatment 6 1.07+.0.013 0 d of treatment 6 .0940.049
3 d after treatment 6 1.63+0.078 3 d after treatmen 6 1.73+0.061
7 d after treatment 6 1.43+.0.066 7 d after treatnje 6 1.54+0.085

14 d of treatment 6 1.49+0.053 14 d of treatmgnt 6 1.59+0.086
21 d of treatment 6 1.63+.0.035 21 d of treatment 6 1.65+0.049

CFA+ Extract CFA+ Extract
(50 mg/kg) (50 mg/kg)

0 d of treatment 6 1.11+0.075 0 d of treatment 3 0840.073
3 d after treatment 6 1.44+.0.066 3 d after treatnje 6 1.52+0/075
7 d after treatment 6 1.19+0.069 7 d after treatment 6 1.39+0.067

*kk ###
14 d of treatment 6 1.25+0/047 14 d of treatmgnt 6 1.61+0.023
21 d of treatment 6 6ttt 1.35+0.047 21 d of tmeexit 6 1.62+0.024
hlAlAl
CFA+ Extract CFA+ Extract
(100 mg/kg) (100 mg/kg)

0 d of treatment 6 1.05+0.054 0 d of treatment 3 09:40/062
3 d after treatment 6 1.56+0.052 3 d after treatmen 6 1.64+0.032
7 d after treatment 6 1.21+0.033 7 d after treatmen 6 1.45+0.054
14 d of treatment 6 1.37+0.049 14 d of treatmgnt 6 1.53+0.086
21 d of treatment 6 1.45+0.073 21 d of treatment 6 1.61+0.048

Indomethacin Indomethacin
(5mg/kg) (5mg/kg)

0 d of treatment 6 1.13+0.05 0 d of treatment 6 340105
3 d after treatment 6 1.21+0.07 3 d after treatment6 1.21+0.07
7 d after treatment 6 1.61+0.07 7 d after treatment6 1.61+0.07
14 d of treatment 6 1.91+0.13 14 d of treatmgnt 6 .9140.13
21 d of treatment 6 2.7+0.12 21 d of treatment 3 7+Q12

<0.001, vs day 0 in hydroalcholic (50mg/kg)amp.; <0.001, vs day 0 in chloroformic roup.
*** P<0.001, vs day 0 in hydroalcholic (50mg/kg) ### P<0.001, vs day 0 in chloroformic (50ng)/l
+++<0.001vs day 21 in CFA group; 111 <0.001vs dag in CFA group
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Figure 2. Comparison of paw edema between hydroalcholic anchioroformic extracts in CFA-treated rats.
Effective dose of hydroalcholic extract was mortepbthan chloroformic extract in paw volume redretduring CFA-induced inflammation.
Data are presented as mean+SEM (n=6/group).
¥¥¥ P<0.001: for comparing hydroalcholic with chédormic extract- treated (50mg/kg) groups on day 7.
€€€ <0.001: for comparing hydroalcholic with chldoomic extract- treated (50mg/kg) groups on day 21.

Table 3. Effects of treatment with different dose®f hydroalcholic and chloroformic extracts of S. candidissima on serumTNF-a

variation
Hydroalcholic Chloroformic
extracts extracts
Groug n SerumTNF-a variatior Groug N SerumTNF-q variatior
CFA CFA

0 d of treatment 6 0+1.12 0 d of treatment 6 0+1.12
3 d after treatmen 6 850.14+19.11 3 d after treatm 6 850.14+19.11
7 d after treatmen 6 740+23.75 7 d after treatment 6 740+23.75

14 d of treatment 6 639+13.4 14 d of treatment| 6 9+33.4
21 d of treatment 6 600+23.2 21 d of treatment 6 0483.2

CFA+ Extract CFA+ Extract
(50 mg/kg) (50 mg/kg)

0 d of treatment 6 0+1.2 0 d of treatment 6 0+1.12
3 d after treatmen 6 475424.6 3 d after treatment 6 522.41+22.7
7 d after treatmen 6 20.5+1.87 7 d after treatment 6 28.64+4.4

*kk ###
¥

14 d of treatment 6 50.5+2.42 14 d of treatment] 6 25.45+4.33
21 d of treatment 6 52.6+1.82 21 d of treatment 6 154.51+4.07

€€€ 191
+i+
Indomethacin Indomethacin (5mg/kg
(5 mg/kg

0 d of treatment 6 0+1.2 0 d of treatment 6 0+1.2
3 d after treatmen 6 321.21+17.05 3 d after treatm 6 321.21+17.05
7 d after treatmen 6 347.15+4.3 7 d after treatmer 6 347.15+4.3
14 d of treatment 6 443.65+£19.5 14 d of treatmen 6 443.65+19.5
21 d of treatmel 6 403.87+10. 21 d of treatmel 6 403.87+10.

*** P<(0.001, vs day 0 in hydroalcholic (50mg/kg)aymp; ### P<0.001, vs day 0 in chloroformic (50mg/pup
¥ P<0.05, vs day 7 in chloroformic (50mg/kg) grodiat <0.001vs day 21 in CFA group
719 <0.001vs day 21 in CFA group; €€€ <0.001vs dkag? chloroformic (50mg/kg) group.
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Serum TNF-a level variation during different stages of study

Plantar injection of CFA caused a significant irmm® in serum TNk-level on days 3, 7, 14, and 21 compared to
the day 0 (p<0.001 for all). In this case, increaserum TNFa level in CFA-injected group was significantly
higher on days 7, 14, and 21 compared to day 3.Q@d0for all). Administration of hydroalcoholic chloroformic
extract ofS. candidissimén CFA-treated rats (at doses of 25, 50, and 1§kg) caused a significant decrease in
serum TNFe level on days 3, 7, 14, and 21, as compared t€H#e group (p<0.001). Administration of extracts at
doses of 50 and 100 mg/kg were more effective & réduction of serum TNE&-level in CFA-inflamed rats
compared to dose of 25 mg/kg during different stagfestudy (p<0.001). Also, there were no significdifferences

in serum TNFa level, between 50 and 100 mg/kg doses in CFA +aeidrtreated rats; therefore, 50 mg/kg was
considered as the effective dose. Administratiodm®fmg/kg (effective dose) of hydroalcoholic otacbformic
extract in CFA-treated rats caused a significadticéon in serum TNFe level compared to the group received
indomethacin (5 mg/kg) on days 7,14, and 21 ofys{p&0.001).

Furthermore, our results indicated that hydroaltichextract ofS. candidissimavas significantly more effective
than chloroformic extract in the reduction of CR#duced increase in serum TNHevel on days 7 and 21 of the
study (p<0.001 for all) (Table 3).

DISCUSSION

This study confirmed that administration of hydmlolic and chloroformic extracts &. candidissiman CFA-
injected rats, significantly and dose-dependendigrdased edema, hyperalgesia, and serumadl Nékel. Also, our
results indicated that the effective dose of extrahowed significantly more potent anti-inflamnrgteffect than
indomethacin.

Inflammation is a beneficial response, which ismalty resolved by restoration of normal tissue ciee and
function; however when inflammation persists anddmees chronic, it can lead to tissue damage arsl dbs
function. Chronic inflammation can be associatethwariations in cytokine secretion [32]. CFA modiels been
used extensively, not only to analyze the cellaiad molecular aspects of inflammation, but alsvabete the
anti-inflammatory and anti-nociceptive effects awly developed drugs on chronic arthritis [33]. Quevious
studies revealed that CFA-induced monoarthritissigta of two phases: first, inflammatory and sec¢anrthritic
phases. The first phase results in rapid elevaifdhe secretion of inflammatory mediators, chemeki cytokines
(such as IL-1, IL-6, and TNE}, and free radicals [23, 30]. TNkis involved in various pathological processes,
such as inflammation and pain induction. This citelplays a critical role in the development of ésglgesia. In
the peripheral nervous system, TMFean promote nociceptor sensitization through matituh of the activity of
several ion channel, such as capsaicin receptoPYIR Nd, C&*, and K channels [34-36]. Also, this cytokine
induces sensitization in the central part of paineucting system, particularly lamina Il of spirard [37, 38].
TNF-a is involved in the induction of edema. In this waypression of vascular endothelial intercell@dhesion
molecule-1 (ICAM-1) and CD-18 integrin are incredsen the surface of neutrophils by this cytokindisT
condition could induce endothelial injury, increciseessel permeability, and edema [39]. Flavonois inhibit
secretion of pro-inflammatory cytokines, such asFId\ IL-1 and IL-6 [40]. Studies indicated the preseraf
flavonoids, terpenoids, and antioxidant factorthim Salvia species [31, 41]. Our results also cord the presence
of flavonoids and terpenoids 8. candidissimaxtracts, which is in agreement with the findirgsother studies
[42-44]. Studies also have shown that flavonoids/ent the induction of inflammation by inhibitingeiear factor
kappa B (NFe<B) as an important inflammatory factor. Some stsidievealed that flavonoid may increase the
release of anti-inflammatory cytokines, such adl@ f45]. In the case of terpenoids, also therenigw@dence of
anti-inflammatory effects through inhibition of ni oxide production by macrophages infiltratingointhe site of
inflammation [46]. In addition, it has been shovmatt antioxidants have protective effects againstatges related
to the inflammation and production of reactive oatygspecies [26]. Asadi et al. showed antioxidaoperty of 6
species ofSalvia (S. hydrangea, S. lachnocalyx, S. macileBtanulticalis, S. sclarea and S. xanthochHdit&])
Hosseinzadeh et al. also found tBatleriifolia has potent anti-inflammatory and anti-analgesieat$ on inflamed
rats, which could be related to its componentsh sigcflavonoids [48].

Furthermore, the survey conducted in this studyvsbthat daily administration of 25, 50, and 100kggloses of
hydroalcoholic and chloroformiextracts ofS. candidissimasignificantly reduced the edema and hyperalgesia
induced by CFA injection, but the hydroalcoholi¢raxt showed stronger effects than chloroformicaett It seems
that the anti-inflammatory properties of polar caments ofS. candidissimaextract are more than non-polar
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components, a matter which needs more investiga@onthe other hand, our results indicated thdioalgh, long
term administration of effective dose of hydroaloldd and chloroformicextracts ofS. candidissimashowed
stronger anti-hyperalgesic and anti-inflammatorfe@t than indomethacin, but in the first daysoiméthacin had
stronger anti-inflammatory effects than the exsacthese effects can be related to chemical piependf
indomethacin components compared to the cumulatitieinflammatory effects of the extracts’ compotseduring
long-term administration, a point which needs makestigation. According to our results, it candmacluded that
long-term administration of hydroalcoholic and dabformic extracts ofS. candidissimaan effectively reduce
hyperalgesia and edema during CFA-induced arthtiteeems that at least a part of these antismfhatory effects
is mediated by reduction of serum TNHevel due to the existence of some anti-inflammatemponents, such as
flavonoids and terpenoids in tiSe candidissimaxtracts. More investigations are recommendedsess the role of
the effective components of extracts.
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