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Original Article

Study of decavanadate on rat tracheal
smooth muscle rings

Azzam Ali* B.V. Venkataraman®

Contractile responses of decavanadote were compared with a vanadate standard, metavanadate and
w standard spusmogen, carbachol. Both the vanadate componnds were less active on the basis of
maximal response and Dy Decavanadate was more potent and long auting compared to metuvumnsdate,
Yanudute induced contractions of the traches! rings were not inhibited by pretreatment of trachenl
preparations with atropine, verapamil. FDTA and prostaglandin inhibitor, indomethacin, Beduetion
in the concentration of calcium had no influence on the vandadate induced tracheal contractions,
Vanudate induced contractions are feeble in culcium-free or sodium-free physiolugical salt solution,

indicating that influx of extra cellular caleium, No-

K* ATPuse inhibition and Na*Ca™ exchange were

not involved in the contractile process. Lsoprenaline - . - agonist, and nitroprusside - nitric oxide
penerator aholished the contructions induced by vanadates but they did not completely abolish the
tontractile responses of carbachol, Invrganic phosphate inhibited the contractile responses of both

wrbachol and vanadaies,

Keywords: Metavanadate, earbachol. rat tracheal-rings.

unadivm, a trace clement m all Living or

gamisms, plavs an important role in

physiological and biochemical procésses,
Deficiency state of vanadiun in human or aninmals
i 0ot reported [1.2], Vanudiam induces contrac-
fioa ol many visceral smooth muscles [2-5]. Phar-
macologieal effeers of vanadium un (ke cardiac
smooth muscles are similar 1o digialis, inhibitor of
Nat- K* ATPase [6], Tsolated preparations of vas-
wlar and gastreintestinal smooth museles contract
by vanadute administration [4,7]. Vanadate is found
o mintie the activities of noradrenaline in cardiac
massle and pulmonary artery. A structural configa-
flon of decavanadate similar tophenviephring and
metadrenaline was wlentifed o explamn s o
wlrenoceptor activary [ %]

toxicity of vamadium has become an area of

fnd J Aerspace Med 41(2), toyr

great interest in viow of teredsing amounts of va-
radiurm in atmosphere dug to industrial process 141,
In man, acwie intalation of vanadium nentoxide
resiilted i respirutory disorders such as rhanitis,
bromchitis, asthua, pneumania ete, In certain cases
prolonzad exposure has produced bleeding from
nigsal mucosa due o frmitanan | 10] The pulmotary
cffects may be due to a direct action or Antigen.
uniibody reaction [ | 1], Mechanisins such s inhibi

ucn of a variely of phosphates, Nuw, K- ATPase and
Ca™ - ATPasc have been proposed far the contrac-
tile response of air way smooth muscles with
tetavanadate and prevanadare
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Sreedy of dleva- vanoddate o rarrae heal

Pecavanadate, a vonadim com pound with cage
ke structwrs] of decamer, s not studied for i jrhuir-
maculopieal properties in smooth muscles <omilbar
vanadates, In Lhe

wate lis

141 rher present study

decaving been studied on solated
tacheul smunnh mscle tor s phusmaenlogical
cempared with the established

e

wetisns jand

vanadions sall, pelavar

Materinds and methods

Wistar rats ( 250-300) o) of erther sex were killed by

stuiiung and irachea was dissccted om .':|.'|'|=|||].

treorrming 1 and cotieclive bssues 10 was cul i
5 MW Wise Las e FINES, SUTHIAD 10 SO0l ring
preparutions desenbed earlier [12] prescrs ng the
mner epithelhum. These nngs wes
it ing steel he

J.gunla?|JLI|4Luuour 14 gt

suspended by

eans b owwath o pes Sl ol

gl
elogical subesalunon {PSS) ma .!._I.._'I...J |
withapllof 7.4 The compesiton of PSS was (i
BaCl 119, KC14.7, Calll 210 2.5, MeS0 THO
05, NuH PO, 10. NaHCO, 25, Glucose 110, A
mikilire of axyaen (B85
wis bulibled through the 855 The
mevted vig g sk thread 1o o G
fiwrce displacement ira
with the preamphifier of ¢
79 o record the ussue oo .
period of equilibranon, a submaximal
carbachol was applicd me the ussue [or
mun and washed. Carbachol was used us reference
pgarmst, wince histamine was nol fo
om rat iracheal fing preparstinne
turther allewed to equihibrate for 194 br hefors drug
application. Dunng the totul equilib n period
tf 24 hr. PSS wag chianped several times, Dise-
TESpONse curves wire constructed with cumulative
doses of carhachal and decavanuduie {13
resminse curves of tesl and standard sp
were canstiucted hefore and in the
verapamnl, FIFTA and air
tration 1o an attempt o

L b L o

Liasuhe Woas oon

rass FT - 13 150

which was coupled
vgraph (Maodel
'::T} After 1 hu

1-a LT if [

nsdocer

md 1o be active

All the tissues were

Dinse
DEsMmMoesns
prescace of
opine al 1K I'g concen-
sot whether vanadale was
ToitAlion

aftecting calecrum influx mvolvenen

[ {h

Lo Afl, BS

dose ol

Vemkerserrarein

ottt coupling, the reapoises ol vamadate in
PSS with TSR, 20%, 00 ealeiom were studied,

Poostady swhiether decavandate contractons were

tediated throngh prostaglandin production,

+

heal preparations
tndomiethacin { Mbnm Tor

e ubared  wigh
W e betore ol
In some cxperments, i

WETLE

i desmvanmnlie doses

cending doses of ssoprenaline, sudum nitrmpeusside

and mergume phosphare were added at the platen )
i

response ol The The tissues were o

SPAAMORCIS,

e torest fon e between two experiments (4],

[FRL
Statsticul wnalvsis was conducted dsime suadens
U bestowath 17 -2 0005 pegarded s sipnificani

Drrups

Decavanadiure (Ma VO, 18H.O) was prepared 51
Heseribedd erdie ll |-| ’3||-."|'- swcess ol VOO v
;_'.xlr_;-l,l.-,—._] witht 3N NaOH tor 12 L with slimng?
srange-yvellow sulution (pH ) contamng
predommantly the deca-tmm (as judged by NMRE
wis Dltered anck cthanol was lavered over i, Afigd
Ay ineald {057 Chvelliw-oringe crysiils weed
wparated. These were Tiltered and deicd (88
Indontethuein was dissolved g 1) warerferhan |
mxture and at the dilutions used the waeriethang
(L bad oo effeel on vanadiate responses ur i)
trinsie testing tone in the trachea. Phosphate scli
bon was prepared from NuH I"{“J adpusted to |:']"|

7.0 with NaOH. Otdwer drugs x»::ru_ obtaied fr
the following sources: atropine sulphute (Hanm
laboralorias. Akota, Baredu), carbachol o
cubamylchline chlorude (Aldrich Chemical Ci
'\111'-' avkes, W USA), sodium nitroprusside (B
4 Poole, Englund), isoprenanlin
sulphate (Burroughs Welleome & Co, Bombay)!
ndemethacin and verapamil hydrochloride (Siml
Chenueal Co St Louts MO, USA). All the chemi
culs used inthe study were analytical grade andall
the solutions were lreshly prepaced, Tissue hathe
were protected from light when light sensitivel
chemicals such as jsoprenaline, nitroprusside a
verapamil were ised

wculs 1id
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Results

Deeavamschote, matuvimadale amd carbachal pro-
dugesl dhe-epuendent ot e respomses (e 1)
aarbachol provuced breesk aod quick responsas with
bdurotecsn of 3 o Toe coach contraction (Fig. 2.
Ater completion of dose-wesponse carve, e base
b wias btanmed within 20 main by frequent washes,
Deeavanadate, i contrast, produced slow and slug
gi:ih response with o duration of 16 man at 10 pm
dise mel 30 anan a0 30 & OHE o doses. Masimuom
nesponses ol the vansdales retermeed (o hase line m
A min alier Mregquent washes. Maomum effecis of
decavandate wod ety anamdote were 849 and B29
thit of carbachol. ED, values (pm = SE) of
tarbachol, decavanadote and metavanadale were
(a8 O, 20 T+ 18 and K630 4 644 (Fig, 31,
On the hasis ol FI, | carhachal was 71 and 247
folds more potent than decavanadate and
petavanaedate.

Preincubation of the tissues with stropine abol-
ished the contractile responses of carbuchol while
the comtractile responses of decavanadate and
metavanadate remained unaltered, This Indicated
that decavanadate did nat act through specific
meeeplors located on the rracheal smooth muscles
Responses 0l lissucs cither incubated with verapami!
orcalciom-chelating agent, EDTA were nol signifi-
cantly altered. The contractions were not also abil-
dshed 1 low caleiom mediom but they becoms fee-
ble in 0% calcium free PSS, The contractile re-

: spomses of decavanadate were not differed sizgnifi-

aantly from that of control by indomethacin treat.
ment. [soprenaline {100 m ), and mitroprusside {300

C Um) relaxed completely decavanadate and

tetavanadate nidueed contracions respecnvely
Beth the rebaxanis were partally {15-18%) affec-
tive will Uie contractions mduecd by carbachol (Fig
{ & 51 However, 1oorganic plosphate (100 i)
had abolished the contractile responses of all the
(i spasmoEen 12, G

e f Aevospeace Med d2), 1997

D¥iscussion

Drcc v amisdate exerted profonged e Hocts o the (one
ol arrway smosoth musele and was more patent come
pared (o metavanadate. The acton OF vanadate was
mul enechated theouel mast cell demanulalion or
inhithinon of prostaglandin synthesis [ 15]

Verapamil and EDTA did not block the responses
of decavanudie However, aloggish amd dhningsled
contractions o decavanadate was noticed mealcmm
free phyvsiclogical medium. Though calciunm 1s ¢s-
sentiul for contraction of trmchea, e soucee ol cal=
ciym available Tor vanadate response was noi
extracellular. Contractility may depend on the
intracelobar stores of skeleial and smewth moseles
[15.06] and liver [17] Presence of calcium in the
exogenous medium was essental for carbachol ii-
duded-contractivns: Responses of tracheal prepara-
tans, incubated wirth indomethacin, were not sie-
neticartly altered from that of control and this con

flrmed that respenses were not mediated through
prostaglamding It has heen shown thar inhubition
of the MNa'- K° ATPase svstemn by ouabaun did not
hove o stgmifieant inlluenee on the development of
wine in tracheal smaoth musele [13).

The lack of effect of receptor blockade on
vanadate induced tracheal contractions tndicsted
Ural it probabiy acts 2t the post-receptor intracelalar
level. Chemical similarity of phosphare was sug-

gested for the competitive infubition of vanadate

entry ke the cell. Inlubilion of vanddale uplake
inti tracheal smooth muscle calls by phosphate could
then account for itsospecific inhibitory effect on
vanadate - indoced contractions in the machea [ | 9]
However inorzanie phosphate. but not isoprenalineg
and nitreprusside, inhibited the contractile responses
of the trachey induced by carbachal, decavanadate
and metavanadate
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Fig. 1 Duse-response curves of Curbachol, Decavandate and
metavandate on rat tracheal rinpx
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Studh of decasvanadare onomal fracheal

Fig. 3 Poleney of Decavanadate compared to Carbachol and
Metavanadate on rat tracheal rings
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Fig. 4 Effect of isoprenaline on the contractile responses of
Carbachol, Decavanadate and Metavanadate on rat tracheal rings
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the contractile respanses of carbachol

Decavanadate & Metavanadate on rat tracheal rings
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