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ABSTRACT

In this study, the analgesic, and antipyretic dffeaf aqueous extract obtained from Clerodendruenmne leaves,
the so-called AECI was investigated. Analgesiccefté AECI was evaluated by Hot plate, Tail FlickdaTail

immersion methods in albino rats. Antipyretic aityivof AECI was evaluated by milk-induced hypergigan

rabbits. The AECI produced significant (P<0.001)algesic activity in all models. Further, the AEGitpntiated
the Diclofenac sodium-induced analgesic effectliina rats. Treatment with AECI showed a signific<0.001)

dose-dependent reduction of pyrexia in rabbits. Tésults suggest that AECI possess potent analgasit
antipyretic activity.
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INTRODUCTION

Pain has been defined by International Associatmnthe Study of Pain (IASP) as an unpleasant sgnand
emotional experience associated with actual ormisietissue damage [1]. Pain is an unpleasantasiemsno doubt,
but on the whole it is usually beneficial to man gaimal). It is mainly a protective mechanism tlee body, occurs
whenever any tissues are being damaged, and iesahe individual to react to remove the pain shisu
[2].Typically, it is a direct response to an unteteevent associated with tissue damage, such asy,nj
inflammation or cancer, but severe pain can aridependently of any obvious predisposing cause figggminal
neuralgia), or persistent long after the precipitatnjury has healed (e.g. phantom limb pain). [3]

Drugs which are in use presently for the manageraeptin and inflammatory conditions are eithercodcs e.g.
opioids or non-narcotics. All of these drugs knowrpossess side and toxic effects. Moreover syiatletigs are
very expensive to develop since, for the successfiubduction of a new product approximately 30@Bd
compounds are to be synthesized, screened and igbre the cost of development ranges from 05 raillion
dollars. On the contrary many medicines of plaigiorhad been used since long time without any estveffects.
It is therefore essential that efforts should belene introduce new medicinal plants to developaplee drugs [4].
As NSAIDs causes adverse side effects the useesktrugs as analgesic agents have not gain impertence,
drugs with no such effects been searched all dwenorld. During this process, plant-based drugsdus the
traditional medicine is concern since they are phéave little side effects and according to WHiD about 80%
of the world population rely mainly on plant baskdgs [5].

Pyrexia is caused as a secondary impact of infectiwalignancy or other diseased states. It is tdy’s natural
defence to create an environment where infectigentaor damaged tissue cannot survive [6]. Normtiky
infected or damaged tissue initiates the enhanoemiation of pro inflammatory mediators (cytokinesich as
interleukin B, a, B, and TNF-a), which increase the synthesis of prostaglandif(FgE2) near hypothalamic area
and thereby trigger the hypothalamus to elevatebtity temperature [7]. As the temperature regwasystem is
governed by a nervous feedback mechanism, so wbdyn temperature becomes very high, it dilate theodl
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vessels and increase sweating to reduce the tempmrdut when the body temperature become very, low
hypothalamus protect the internal temperature bgosanstriction. High fever often increases fastmease
progression by increasing tissue catabolism, dettigadr and existing complaints, as found in HIV [Blost of the
antipyretic drugs inhibit COX-2 expression to regluthe elevated body temperature by inhibiting PGE-2
biosynthesis. Moreover, these synthetic agentsérsibly inhibit COX-2 with high selectivity but artoxic to the
hepatic cells, golmeruli, cortex of brain and heatiscles, whereas natural COX-2 inhibitors havecloselectivity
with fewer side effects [9].

Clerodendrum inermé_.) Gaertn., (Family: Verbenaceae), is a common shrabgdrows in India, both in the wild
and as a garden hedge. Its leaves are used agiatiefebrifuge and as a substitute 8wertia chirayita Its leaves
have been shown to possess antimicrobial actiti®f fnd are reported to be cardiovascular systdimead hey
also stimulate uterine motility in rats and inhibitestinal motility [11]. In Indian tribal medicin leaves ofC.
inermeare used for treating fever, cough, skin rashiesynic pyrexia and boils, and are used in conjamctvith
other plant leaves. They are also used to treailizadbcord infection and for cleaning the uteraslocal medicine
[12, 13]. Aerial parts o€. inermeshowed potent anti-viral activity against Hepatilisirus [14]. Whole plant parts

of C. inermeareused as to treat coughs, scrofulous infection, nesiénfection, skin diseases and Beriberi diseases
[15]. It is also used as febrifuge, vermifuge amdicxidant. The plant contains mainly iridoids, fenoids,
diterpenes, sterols, triterpenes and neolignan2(16

Rationale in selection of this plant for the cutrstudy is based on its traditional use to tree¢if¢12, 13].
MATERIALSAND METHODS

Collection of the plant sample

Fresh leaves dflerodendrum inerméL.) Gaertn. (Verbanaceae) were collected fromréygon of Sriperambathur,
Chennai, Tamilnadu. The plant was identified, anthenticated by comparing with an authentic spegiry
botanist Dr. P. Jayaraman, Plant Anatomical Rebe@amntre (PARC), Tambaram, Chennai, T.N, Indiaaring a
voucher ndPARC/2011/1010 dated 18.11.2011

Preparation of plant extract

Fresh entire selected plant leaves were washed water to remove the adhering matter. The finely mant
material (50 g) was taken in a Clevenger apparmatdsgraduated receiver with water to avoid anyabbles. The
distillation solvent used i.e. water and glyce20@: 25) ensured a higher boiling point than watée distillation
unit was run for 5 hours. The distillate was cdkektin the graduated receiver in which th@Hportion of distillate
automatically separated and returned to the disioh flask [21].

PHARMACOLOGICAL ACTIVITIES

ACUTE TOXICITY STUDIES

Determination of L D50 value of Clerodendrum inerme

The procedure was followed by using OECD guidelid@8 (Acute toxic class method). The acute toxa&ssl
method is a step wise procedure with 3 animaldlsi sex per step. Depending on the mortality asrdnmoribund
status of the animals, on average 2-4 steps mayebessary to allow judgment on the acute toxicityhe test
animals while allowing for acceptable data baseensific conclusion. The method uses defined d§¢2880mg/kg
body weight) and the results allow a substancestoabked classified according to the globally harined system
(GHS) for the classification of chemicals which saacute toxicity.

Procedure

Three animals male Wister albino rats (20-25gm)ewlegpt in an environment with temperature (22°c}380e
used for each step. The dose level to be useceastatting dose is selected from one of four fikaatls 5, 50,300
and 2000mg/kg body weight. The starting level stidaé that which is most likely to produce mortalitysome of
the dosed animals. The starting dose level of etdraf Clerodendrum inermeas 300mg/kg body weight. The time
interval between treatment groups is determinethbyonset, duration and severity of toxic signssMaf the crude
extracts possess LD50 value more than 2000mg/kgeobetween of animal used. Dose volume was adi@iais
0.1ml/200mg body weight to the animal p.o. aftefirgd the dose the toxic signs were observed wighéhrs. Body
weight of the animal before and after administrationset of toxicity and signs of toxicity like etges in skin, fur,
eyes, mucous membrane and also respiratory, diocylaautonomic, central nervous system and belaattern,
signs of tremors, convulsion, salivation, diarradethargy, sleep and coma was also to be notatyif
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ANTINOCICEPTIVE ACTIVITY

Drugs and chemicals

Acetic acid was obtained from Merck. Tween-80 whgmed from Hindustan Chemicals. Normal salineitsoh
was purchased from Beximco Infusion Ltd. and Diefafc sodium was obtained from Chitra Pharmacestidal

Animals

Healthy male Wistar albino rats weighing 120-18ang from the Central Animal House of Darshan logtitof
Pharmacological Studies, Puliyur, Karur TK, Tamilng1084/ac/07/CPCSEA) were used throughout the study.
They were kept under standard environmental canditat 25 °C with 12:12 h light—dark cycle in véatgd plastic
cages. The rats were fed with a standard rat feddvater ad libitum .The experiment was performeddcordance
with the guidelines was approved by IAEC.

ANTINOCICEPTIVE ACTIVITY
Analgesic activity was determined viz three staddaethods, which are as follows:

1.Hot plate method

Experimental animals of either sex were randomlgcied and divided into four groups designated rasigl,

group-Il, group-lll and group-1V consisting of fivabino rats in each group for control, positivenizol and test
sample group respectively. Each group receivedticpkar treatment i.e. control (1% Tween-80 salntin water),
positive control (Diclofenac sodium 10 mg/kg, p.and the test sample (aqueous extract of 100 mglkg.& 200
mg/kg, p.o. respectively). The animals were poséibon Eddy’s hot plate kept at a temperature #055°C. A cut

off period of 15 s [22] was observed to avoid daenigthe paw. Reaction time was recorded when dsilicked

their fore or hind paws, or jumped prior to and30, 60 and 90 min after oral administration of daenples [23-
25].The Intraperitoneal administration of samplealbino rats as shown in Fig.1

Fig: 1 Intraperitoneal administration of samplesto albino rat

INTRAPERITONIAL ADMINISTRATION

2.Tail flick method

The pre screened animals (reaction time: 3-4 secg @divided into groups as shown in Table 2. Dahafc sodium
10 mg/kg acted as the standard drug. The drugs a@m@nistered intraperitoneally. The tail flick daty was
assessed by the analgesiometer (Inco, India). frbagth of the current passing through the nakedonie wire
was kept constant at 6 Amps. The distance betwkerhéat source and the tail skin was 1.5 cm. Ttee di
application of the radiant heat in the tail was meined at 2.5 cm, measured from the root of theTthe cut-off
reaction time was fixed at 10 sec to avoid tissumahe [26].
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3. Tail immersion method

Albino rats in groups of five each were treatedhwithicle, Diclofenac sodium 10 mg/kg and the smhple
(aqueous extract of 100 mg/kg, p.o. & 200 mg/kg, pespectively).The distal 2 - 3 cm portion of reedail was
immersed in hot water maintained at 55 + 0.5°C.[ZTje time taken by the mouse to withdraw the ftailn hot
water was noted as reaction time.

ANTIPYRETIC ACTIVITY

Drugsand Chemicals

Paracetamol tablet was obtained from the market &l as an antipyretic agent. The standard solwtias
prepared by dissolving the tablet in the solventotwiain 7.5mg paracetamol per ml solution. The dofe
paracetamol was maintained at 10 mg/kg body weight.

Experimental Group
It contains 2 groups for checking the various coiredion of theC. inerme One group receiving dose of 100mg/kg
and another group receiving 200mgfgAECI of the sample.

Control Group
It consists of Positive control group —receivesidtad drug to check anti pyretic effect. Contralugy- receives the
solvent used. Number of rabbits in each groupus.fo

Experiment Protocol

The rectal temperatures of the rabbits were notediding well lubricated thermometer inserting itoirrectum
(Fig.2). Care was taken to insert it to the sanmtdeach time (about 3 cm). Milk was collected frimeal cow had
been boiled. When temperature of the boiled millildarates to room temperature then rabbits wejecbed boiled
milk at the dose of 0.5 ml/kg body weight, to indyzyrexia. Induction of fever was taken about anéato hour
[28].

Fig: 2 Rectal insertion of lubricated Thermometer in to Albino rabbit anus

The aqueous extract of the leaves were given terarental group, standard drug was given to pasitontrol and
solvent were given to control group. Intra peritain@dministration was used (Fig.3). Temperature ngasrded 1
hour interval till 3 hours.
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Fig: 3 Intraperitoneal administration of samplesto Albino rabbits

Q\
L“\\ il o

Statistical analysis
The results are presented as mean + standardagmazan (SEM). The one-way ANOVA test with Tukeyalrer

Multiple Comparisons Test was used to analyze amtpared with control. Statistical significance xpressed as p
< 0.001.

RESULTS

Antinociceptive activity

Hot-plate test was assayed to characterize thegesial activity of the AECI (Aqueous extract Gferodendrum
inermg. The results presented in Table 1 and graph vdhat the i.p administration of the AECI at doses
100mg/kg, p.o and 200mg/kg, p.o. significar{f®x0.001) raised the pain threshold at different time ofeslsation

(0 - 120 min) in comparison with control. Diclofensodium (10 mg/kg, p.o), used as standard drsg, @oduced

a significant analgesic effect during all the olvaéion times when compared with control val(ies0.001).

Table1: Effect of AECI by hot platetest in albino rats

Reaction time(Seconds)
Group Dose (mg/kg) 0Omin 30min 60min 90min 120min
Group 1| Vehicle 6.8 £ 0.03 7+0.25 7.5 +0.03 +2AB03 7.56 £ 0.04
Group 2| Standard -10mg/kg  7.53 + 0.03 13+0.0b* .5130.03*| 13.88+0.034 14.18 +0.01*
Group 3| AECI-100mg/kg 7.2 +0.05 9.98 £ 0.04* 18.6.004* | 11.3 +0.04* 10.6 £ 0.04*
Group 4| AECI-200mg/kg 7.5 +0.07 11.1 +0.05* 11#6.04* | 11.88 +0.03*| 11.11 +0.03f

All values are expressed as mean + SEM (n = 6),<®001 significant compared to control.
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Graph: 1 Effect by AECI to hot platetest in albino rats
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Graph: 2 Effect of AECI by Tail Flick Method in albino rats
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The effect of AECI on Tail Flick Method is shown esTables 2 and graph 2. The extract caused afiseymt
(P<0.001) inhibition of pain at both the doses uéE@0mg/kg, p.o and 200mg/kg, p.o) Diclofenac sodi{10
mg/kg, p.0), used as standard drug, was highlytfie (P<0.001).
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Table 2: Effect of AECI by Tail Flick Method in albino rats

M ean latency to tail flick(sec)
Group Treatment Omin 15min 30min 45min 60min
I Control 2.5 +0.007 27+0.04| 2.8+0.03 | 3.03+£0.05| 2.53+0.03
1l Standard 10mg/kg 2.58+0.08 4.1 +0.02* 5.483) | 6.9 +0.004*| 8.2 +0.005%
11} AECI-100mg/kg 2.73+0.03 3.65+0.03fr 4.6#8* | 5.6+0.03* | 7.2 +0.006%
1V AECI-200mg/kg 2.3+0.04 3.8+0.02 50+60| 6.2+0.04* 7.5 +0.04*

All values are expressed as mean + SEM (n = 6),<®001 significant compared to control

There was a significant dose-dependent inhibitibhath phases of the Tail immersion method respamsdbino
rats (Table 3 and graph 3), with a more potentcefte the second than the first phase. Dicloferzatiusn (10
mg/kg, p.o), also inhibited both phases of the gagnificantly (P<0.001jvhen compared to control group.

Table 3: Effect of AECI on Tail immersion method in albino rats

Group Treatment Mean latency to Tail immersion (sec)
(mg/kg) Omin 30min 60min 90min 120min
| Control 248+0.03| 2.54+0.004 254 +£0.005 42450.004 | 2.57 +£0.004]
Il Standard 243+0.008 6.25+0.04F 6.05+0.04*5.61 £ 0.003*| 5.08 + 0.04*
11 AECI-100mg/kg | 2.51+0.003 4.15+0.006* 4.39€04* | 4.15+0.02*| 4.15+0.005
v AECI-200mg/kg | 2.55+0.006§ 5.25+0.004* 5.12804* | 4.53+0.02*| 4.27 +0.003

All values are expressed as mean + SEM (n = 6),<®001 significant compared to control.

Graph: 3 Effect of AECI on Tail immersion method in albino rats
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Antipyretic activity

Tested on Boiled Milk-induced pyrexia in rats, AESignificantly reversed hyperthermia at either d@<@®mg/kg
b.w and 200 mg/kg b.w.). Time of peak effect obddinvere 1 to 3h after oral administration. The céad drug,
Paracetamol (10mg/kg b.w.) also suppressed hyperihénduced by Boiled Milk significantly (P<0.008uring
all the observation times when compared with cdnvatues (Table 4).
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Table4: Effect of Clerodendrum inerme Aqueous leaves extract on Milk-induced pyrexia in Rabbits.

Groups Dose Rectal temperature (°C) Rectal temper ature after treatment (°C)
Normal 3 h after boiled milk administration lhr 2hr 3hr
Solvent 2ml 39.2 £0.02 41.14 = 0.006 40.8 £ 0.004 40.2006 39.3 £0.004
Paracetamol | 150mg/kg| 39.4 + 0.004 41.12 + 0.005 39.93 + 0.00689.7 + 0.005* | 39.51 + 0.031
AECI 100mg/kg| 39.45 + 0.04 41.3 £ 0.006 40.14 + 0.004*9.89 + 0.007*| 39.7 + 0.0041
AECI 2oomg/kg| 39.5+0.02 41.13 + 0.006 40.13 £ 0.0p* .78% 0.005*| 39.5+0.03*

All values are expressed as mean + SEM (n = 6),< @001 significant compared to control.
DISCUSSION

The data presented here suggests that the pBSdesses anti-nociceptive and antipyretic ad#ifihe extract at
the doses tested was shown to possess anti-naeeegtivity evident in all the nociceptive modessgnifying it
possesses both central and peripherally mediatizdtias. The abdominal constriction response iretlby acetic
acid is a sensitive procedure to evaluate peripligesiating analgesics [29]. In general, acetic acddises pain by
liberating endogenous substances such as serotosiamine, prostaglandins (PGs), bradykinins aristance P,
which stimulate nerve endings. Local peritonealeptors are postulated to be involved in the abdamin
constrictions response [30]. The method has alsm lzssociated with prostanoids in general, thainseased
levels of PGE2 and PGF2 bperitoneal fluids [31]wal as lipoxygenase products [32]. The signiftcaduction in
acetic acid-induced writhes by AEGuggests that the analgesic effect may be perilfjaerediated via the
inhibition of synthesis and release of PGs andraghdogenous substances.

Pain is centrally modulated via a number of compprcesses including opiate, dopaminergic, desogndi
noradrenergic and serotonergic systems [33-36]. artagesic effect produced by the extract may ke tduthe
inhibition of prostaglandins, leucotrienes, andeotbndogenous substances that are key playerBammation and
pain. As it is known that Flavonoids inhibit pragendin synthetase [37] this effect of extract ni@y due to
presence of Flavonoids as Phytochemical constituent

The present results show that AE@ssesses a significant antipyretic effect in ypastoked elevation of body
temperature in rats, and its effect is comparabletiat of paracetamol (standard drug). So inhibitiof
prostaglandin synthesis could be the possible nmsmaof antipyretic action as that of paracetarAtdo, there are
several mediators or multiprocesses underliningptittogenesis of fever. Inhibition of any of thesediators may
bring about antipyresis [38].

CONCLUSION

The overall results demonstrate that aqueous éxt€lerodendrum inerménave analgesic, and antipyretic
activities in laboratory animals and this may bediated by the central and peripheral mechanismsettheless,
the precise mechanism and the bioactive princi@sgonsible for these actions remain to be eluetat

Acknowledgement
We would like to thank oudaya College of Pharmad¥Chennai, India)parentsandfriendsfor their valuable co-
operation and support.

REFERENCES

[1]. Y.B. Michel, Dubois, G. Christopher, H.L. Allen,:Iealy TEJ, Knight PR (Ed.), Chronic pain manageime
(Wylie and Churchil-Davidson’s A practice of Anaessia, ¥ ed., London, Hodder Arnol@003)1235-1139.

[2]. L. Kanodia, S. DasBangladesh J PharmacoR008, 4, 35-38.

[3]. H.P. Rang, M.M. Dale, J.M. Ritter; Pharmacology &t., Churchill Livingstone, Londof993, 562.

[4]. S.E. Besra, R.M. Sharma, A. GomésEthnopharmacal1996, 54, 1-6.

[5]. N.K.V.M.R. Kumara, In: WHO Symposium. Identificatief strategies to improve research on mediciretsl
used in Sri Lanka (University of Ruhuna, Galle, ISxrhka)2001.

[6]. D. Chattopadhyay, G. Arunachalam, L. Ghosh, K. Rdjan, A.B. Mandal, S.K. Bhattachary&gurnal of
Pharmacy and Pharmaceutical Scien@905, 8, 558-564.

[7]. C.B. Spacer, C.D. BredeX Engl J Med.1994, 330, 1880-1886.

[8]. P.J. Veugelers, J.M. Kaldor, S.A. Strathdee, K.ag&Shafer, M.T. Schechter, R.A. Coutinho, |.P.tKEeJ.
Van GriensvenJournal of Infectious Diseasd 997, 176, 112-117.

[9]. L. Cheng, H. Ming-liang, B. Largcta Pharmacological Sinica2005, 26, 926-933.

[10]. V. Prasad, S. Srivastava, H.N. Varsha VerRlant Science 1995, 110, 73-82.

322
Scholar Research Library



M. Thirumal et al Der Pharmacia Lettre, 2013, 5 (2):315-323

[11]. A. Husain, O.P. Virmani, S.P. Popli, L.N. Misra, M. Gupta, G.N. Srivastava, Z. Abraham, A.K. Singh;
Dictionary of Indian Medicinal Plants, CIMAP, Lucw, India,1992, 142-143.

[12]. A.V. Khan; Aligarh Muslim University, Aligarn2002, 1-293.

[13]. A.K. Nadkarni; Indian Materia Medica, Popular Prsikan, Bombay, Indid976.

[14]. H. Mehdi, G.T. Tan, J.M. Pezzuto, H.H.S. Fong, IER. Faransworth, F.S. Feralhytomedicine.1997, 67,
43-51

[15]. K.R. Kirtikar, B.D. Basu, Indian Medicinal Plant8® ed., Volume 3, B Singh and MP Singh Publication,
Dehradun, Indial991, 1945-1947.

[16]. Anonymous. Wealth of India, vol. 2, National Insté& of Science of Communication and council Sciinti
and Industrial Research, New Delhi, Ind2801, 67-68.

[17]. T. Kanchanapoom, R. Kasari; Chumsri, Y. HiragaYkEmasakiPhytochemistry 2001, 58, 333-336.

[18]. T. Akihisa, P. Ghosh, S. Thakur, H. Nagata, T. Teantli. MatsumotoPhytochemistry.1990, 29, 1639-1641.
[19]. R. Pandey, R.K. Verma, M.M. Guptadian journal of chemistry2006, 45(B), 2161- 2163.

[20]. A.U. Rehman, S. Begum, S. Saied, M.l. ChoudharpKhtar, Phytochemistry.1997, 45, 1721-1722.

[21]. Madhu C Divakar. Plant Drug Evaluation, 2nd ed., R&medies publicatior2002; pp.49-53 and pp. 84-98.
[22]. E.M. Franzotti, C.V.F. Santos, H.M.S.L. RodriguBsiH.V. Mourao, M.R. Andrade, A.R. Antoniolliournal

of Ethnopharmacology2000, 72, 273-8

[23]. N.B. Eddy, D. LeimbackjJournal of Pharmacology and Experimental Therapeyti953, 107, 385-393.

[24]. S.K. Kulkarni. Hand Book of Experimental Pharmaap, Vallabh Prakashan, Delhi, Ind899; pp.117.

[25]. W. Toma, J.S. Graciosa, C.A. Hiruma-Lima, F.D.Pddede, W. Vilegas, A.R.M. Souza BritaJournal of
Ethnopharmacology2003; 85, 19-23.

[26]. U.K. Sheth, N.K Dadkar, U.G Kamt, In: Mohanlal Bdf, Drugs acting on CNS, Selected topics in
experimental pharmacology, 1st ed., (Kothari Bo@pdt, Bombay1972)

[27]. R.A. Turner; Screening Methods in Pharmacology,d&aic Press]971, 100-113.

[28]. J.K. Grover; Experiments in Pharmacy and Pharmagpldst ed., Vol. 2, CBS Publisher and Distributor,
Shahdara, Delhi, Indid990, 155.

[29]. R.M. Gené, L. Segura, T. Adzét, Ethnopharmacal1998, 60,157-162.

[30]. G.A. Bentley, S.H. Newton, J. StaBr J Pharmacol.1983, 79, 125 -134.

[31]. R. Derardt, S. Jongney, F. Delevalegal.,Eur J Pharmacol.1980, 51, 17 —24.

[32]. L.J. Roberts, J.D. Morrow. In: Eds. Goodman andn@it’s. The Pharmacological Basis of Therapeutiat) 1
ed., McGraw-Hill, New York2001, 687 — 732.

[33]. M.M. Bensreti; R.D.E. SewelRro Br Pharmacol Soc1983, 70.

[34]. P.M. Headley, C.T. O’'Shaughnes8&y,J Pharmacol.,1985, 86 (pro. Suppl.), 700.

[35]. S. Wigdor, G.L. Wilcox,J Pharmacol Exp Therl987, 242, 90 — 95.

[36]. C. Pasero, J.A. Paice, M. McCaffery, In: McCafféfly Pasero C (Ed.), Pain, Basic Mechanisms undeglyin
the causes and effects of pain. Mosby, St. Ld9i89, 15 —34.

[37]. S. Ramaswamy, N.P. Pillai, V. Gopalkrishnan, N.&nkar, M.N. GhosHnd. J. Exp. Biol.1985, 23, 219-20.
[38]. M. Akio, N. Tomoki, W. Tatsu@t al.,Am J physiol.2001, 254(4 Pt 2), R633-40.

323
Scholar Research Library



