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Effect ot Paraquat on Skeletal Contractile Responses_,
in Alblno Rats
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-+ 'Paraquiat; ‘a member “of the group of
contpou rds designated quaternary bipyridyls,
is' a widely used- herbicide: It is also quite

“toxic to man and animals. Paraguat dichioride
“is” a’'quatesnary. ammonium salt- which is
Rygroscopic, nonvotatile and extremety soluble
in water" It ¢an be’ reduced: toa stable
“rddical cation by a‘ one-lectron: transfer
" process and this propeity of - paraquat is
believed to contribute to" its  herbicidal
activity.(z) Since the discovery of its phytotaxic
property in 1950s, paraguai has become
widely used as a herbicide. It rapidly desicates
all green plant tissues with which it comes
in contact. Paraquat which'is

name Gramoxone Gombozone

Paraquat 't'ht(')xication“ ‘may

paraquat concentration in the lung and the
degree of its: toxrcrty was demonstrated in
rats.¥ Studies of lung tissue with efectron

microscope after-a- single oral- dose of

paraquat indicated: that the first discernible

changes were pulmonary edema, swelling (0]; o
4y

the epithelium and increase in collagen.

The mechanism:: underlying. lunig. toxicity. .

caused by paraguat was proposed to be trprd
peroxrdatton in puimonary tissue.® '

'-:avatlable to'
farmers in Thailand is marketed in the form .
of concentrated aqueous solutron under the' :

aceur.
accidentally or suicidally. in both cases,
ingestion of concentrated paraquat solution
causes damages to many organs but the most. .

fatal effect is in the lung. The relation betweenf‘“i”f.-z--preparatrons in‘ordeér to study the effects of

_ techn;que of Bulbring

- The' mrtrat symptoms of paraquat
porsonrng in‘man include biieninig of the motith
and- throat® followed often by nausea and
vomiting® 7 Paraquat may directly elicit
contraction of..the gastrointestinal- smooth
muscle. or skeletal muscle; but these effects
have - hot been. confirmed -in experimental

' rnodels Van den Heede(a) reported that a-male

patrent whao’ rngested an’ alcoholic - drink,
contarnlng Gramoxone" - showed an extre_rne
dyspnoea, and died, and the high paraquat
concentrations were expected to be found in
all tissues of viscerat organs. Further, it has

. been shown that paraquat was to be toxic in
- _'.:.__the Iurrg ma n[y through the: mechanism of

inhibition of aoetylcholrnesterase it must be
assumed that the compound is concentrated

_._:TOO -fold: in.a: compartment cantaining
acetylchotrnesterase

9.

B The purpose of‘this study is to xamine
the _%omc_.___effect of paraquat on skeletal
cdntracté'l'e ‘responses. Experiments were

'carrred guts both rn vivoand in vitro

paraquat on neuromuscular Junctron in rats.

MATEREALS AND METHODS

Experlmenial animals

Albino rats of either sex weighing about
t5’o;soo'g;ajr_n's were used in this investigation
both: in vitro- and in vivo experiments. The
method “was' based on modification of the
(10 4ng Apisariyakut. (1
The restrng tension of the hemidiaphragm was
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24q. Isometric_recordings' were'measured by o
a Grass 790 polygraph (Grass Instrument Co., ;-
The preparation

Quincy, Mass., USA).
was left in the tissue bath for 30 minutes

(o reach equrlrbnum before the experrment o

commenced..

Single repeated'supramaximal nerve
stimulation

. Nerve. stimulation was:: elicited by
_ rectangu[ar pu[ses of supramaxrmal voitage
_of 0.8 msec duraUOn ‘and:- a‘z a frequency

of 0.4 Hz.
Train- of-four herve silmuiahon G

o oAshort frain:-of ' four® supramaxima
‘electrical stimuli was appiied o the phrenic

nefve at-a flequency of 2 Hz. The duration of’

each rectingular pulse was 0.6 msec: Each
train was repeated every 20 seconds S

' repeated
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- Drug administration into the tissue bath

.Muscle ‘twitch in response to single
stimulation or train-of-four
stimulation was record_ed before and after

“adding“the drug’into the tissue bath. The

. neostigmine,. a.

as’ descrlbed by: Augustlnsson et aI

preparation’ was washed “thiée times with
Krebs' solution and left 30 minutes before
starting the next experiment.

- Determination  of acetylcholinesterase
. activity in the presence of Paraquat. . .

- This experiment was performed to study

~ the effect of paraguat on acelylcholinesterase
- activity in vitro. The reference drug which was

treated in" the: same way. as paraquat. was
' ‘reversible . cholinesterase
inhibitor. The co[orrmetrrc method. used was
“2) with
some modification: SR

“paraq e

“aln

" e'paraquat - 10..
20 mE/kg

nlni:_ :

Cmin

min- -

CEiR

30
~min. .

30 -

® paraquat’ -
40 be/Kg Lmin
lgf
1ein
Figure 1. The eifest of paraquat on nelrally-evoked fwitch “in ‘ra’” sciatic’ ™

nerve- gastrocnemlus preparatlon in situ.- : o
A Paraquat 10'mglkg body weight' produced a qhght polenllallon of the .
- neurally-evoked twitch; T

B Paraquat 20 mg/kg body weighi produced tviitch petenﬁairdn Tollowed -7

oL by twitch depression. .
‘G Paraquat 40 mgikg Body werght preduced rwatch polentralron foilowed
by complete neuromuscular biockade.
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RESULTS

The results of the effect of paraguat on
skeletal muscle contraction rwere divided
into 3 parts as follows: '

The effect of paraquat on neuralEy—evoked
twitch:

hemidiaphragm preparation, paraquat in the
doses of 1.00 x 1077 M, 025 x 1072 M,
and 1.00 x 10”2 M caused twitch depression
185 27, 471 £ 124, and 824 12.2
per cent respectively. '

The effect of paraquat on neur_allyevoked’
twitch in raf sciatic nerve-gastrocnemius:
preparation was shown in Figure 1. it was:
found that paraguat in the doses of 10, 20, and -
40 mg/kg body weight produced a slight
potentiation of the neurally-evoked iwitch. This

In the isolated" rat phrenic' nerve-
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twitch potentiation was followed by a gradual
twitch depression when the doses of paraquat
were 20 and 40 mgfkg body weiaht. P -aquat
in the dose of '40fmg,’kg body weight produced
a complete neuromuscular blockade within
20 minutes. .
_ Paraquat in the doses of 1.00 %X 10~

M, 0.25 x 107? M, and 1.00 x 10_2Md|d

- not produce depressmn of the drrecﬂy evoked

twitch of the isolated rat hemidiaphragm
preparation (daia not shown).

The effect of paraquat on the nerve
action potentia! was studied in the isolated rat
sciatic nerve. preparation. The per cent

- amplitude of the-action polential in isolated rat

sciatic “nefve preparation after 10 and 20
minutes of paraquat administration was not
significantly different from controt rable 1)

Table 1 Effect of paraquat on the nerve action poten tial of lsolated rat sci atlc nerve _
preparation, determined. 10 and. 20 rnmutes after paraquat admm:straison‘ :

Per cent a'mpli%ud'e' of' nerve action potential

Dose of i (mean £ SEM., i 6)
paraquat. 10 minutes. 20 minutes’
(M} after paraquat after p_a_raquat

0 {control} 952 %+ 40 931 £ 4.2
100 x 1072 “920% 132 . . 913+ 128
025 x 1072 810+ 159 . 800 161
100 X 107° 962+ 59 H9+ 43

The effect of paraquat on muscle twitch
procuced by train-of four nerve stimulation
The train-of-four nerve stimulation

was applied to. the. isolated. rat. phrenic. ...
. Figure 2: In the ral'sciatic nerve-gastrocnemius

nerve- hemidtaphragm preparatlon in order to

examine the effect of a drug on presynaptic site -

of the neuromuscular junction. In this study
it was found that paraquat in the doses of

100 x 107% M, 025 x 1072 M did nc!
produce a train-of-four fade whlle d tubocurarlne

the dose of 1.00 x 107°% M markedly
p_roduoed- a.train-of-four fade.as shown in

preparation, in situ; paraquat in the doses of
10, 20, and 40 mg/kg body weight did not
preduce a train-of-four fade.
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Flgure2 Comparlson oftheeffect ofparaquatanddtubocurarme on muso¥e twﬂch _
- produced by train‘ef-four: nerve stimulation in: rsoiafed rat phremc R

nerve- hemidaaphragm preparatlon
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“Figure 3 The effect of pa'raou'af on _"ra_t 'den"e'r"vated Qasfroonerniua'p_:repa'r_atfon,' in S|tu : |

The effeci of paraquat on denervaled muscle"_
The left gastroonemrus muso!e of the rat
was denervated by aseptro technsque After 20
days of denervatlon the et up four recordmg_
muscle contractron |n srtu was performed
Paraquat was rnjected vsa the raght femoraf
artery and the oontractlre response of the left’
gastrocnemaus muscfe was observed. It was;
found that paraquat |n the doses of 10, 20 and
40 mg[kg body we|ght produoed fasorculatron_
of the denervated muscfe as shown by the
tracrngs in- Frgure 3. The fascrcuiatron
produced by paraquat in the doses of 20 and

40 mg/kg ‘body 'Wéight"u}avs ‘more D.'ror'ni'n.ent
that that produoed by paraguat in the dose of
10 mg!kg body wesght '

The eﬂect of paraquat on aceiylcholmesﬂerase..
acnwty L T
Acetytoholrnesterase actrvrty |n the
presence of. paraquat was assayed invitro
by. the coIorlrnetnc method... It was found
that paraquat in the dose range: 10770 M
o 1073 M could not: |nh|b|t the actrwfy of.
aoetyichoirnesterase enzyrne more than- 8
per cent while neostigmine markedly inhibited
the enzyme activity (Figure 4). -
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F'gure4 Compartson of the effect of paraquat and neosngmlne “on

' acetylcholsnesterase actwrty

o paraquat _
A\ . neostigmine

- DISCUSSION

The ¢lassical view of physiology of
neuromuscular transm!ssmn holds. " that -
transmitter aoetylchohne is released from the

nerve endings by nerve impulses, and it acts
on the postjunctional membrane of the motor
endpiate to set'in act|on the chaln of events
that leads fo " muscle contractlon 13
According to this view, when’ extended to
pharmacalogy, theré are twa possible ‘sites
within the neuromuscutar junction where a
neuromuscular- blocker ‘can’ dct; “They are

_ prejurictionat site -and post " junctional’ site.
Blocking “of the" prejunctional site results’

in- diminishing “of “acetylcholine output and
thereby produces netromuscular depression:
Biocking of the postjunctional sitg interupts
neuromuscular transmission  and” résuits
in depression of:the "‘muscle twitch.

Neuromuscular blocking action- at - the
post;uncttonat site can be clasified " inio
two types They are non- depolar ing block

. and. depolarizing block. fn. brief, non

depolanzmg agent acts by combmlng with
the cholinergic receptor sites at the
postjunctlonal membrane and the{eby blocks
compettttvely the transmttter act|on of
acetylchollne Depolarszlng agent aots by
depotanzmg the postjuncttonat membrane and
maktng it unexcntable by depolar zed blockers.

5 Inthfs study, the method of “train-of-four”

_nerve sttmulatlon was apphed to the |solated

rat phrenlc nerve hem dlaphragm preparatlon
and rat sciatic nervegastrocnemlus preparatlon
in‘situ in order to postulate the site of action
of paraquat within the’ neummuscutar Junctlon
This method IS hetpful in dtsttngmshlng
between depotanzmg and non depolar ing
drugs.” In brief, the train-of-four nerve
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stimulation " utilizes a" short ‘train' of
supramaximal stimuli ‘applied to the motor
fierve at a frequency of 2 Hz. The amplitude
of the neurally-evoked twitch is recorded.
The ratio of the amplitude of the tourth twitch
to the amphtude of the first twrtoh in the same
train |nd|cates the degree of nori- depolanzmg
btock During a non- depotarszlng block this
ratio is reduced and inversely proportional to
the degree of neuromuscufar block. During a
depolarizing block, all twitch heights are
ideally equal, or in other words no tra|n~of four
tade occurs: e '

- The’ meohanrsm underlylng the train-
of- four fade was considered to b_e primarily a
prejunctional phenomenon.'¥ Lee et al. (15)
demonstrated that the powerfuf post]unc’ﬂonal

reoep’for blocker alpha bungarotoxm ‘did not

produoe train-of- four fade a[though it produced

marked tension depressmn This suggested

GELS the train-of-four fade' resulted from ‘a
drfferent action to that whrch produced peak
tensron depresston o : :

Mryamotoﬁﬁ}_ reported that nlcotsmc

ohllnergnc receptors are present on' motor-
nerve endrngs as weII as on the postjunct;onaIQ

membrane of the. motor endplate Blaberm)

showed that decamethonaum adepolanzrng._

agent, acted on motor..nerve. endings 1o
increase: the mobilization: of acetylchofine
transmitter from the reserve to the readily
releasable store and this action was blocked
by d-tubocurarine. This finding ifed to the
postufation that blocking of the prejunctionat
chlinergic receptors impaired the mibilization

of the transmitier so that the train-of-four fade-

was produoed.“a)

In the present study, paraguat groduced
no train-of-four fade both in vitro and in
vivo experiments. This suggested that
paraguat had no prejunctionat effect in
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blocklng neurotransmitter release and the
neurornuscutar block produced by paraquat
might be a depotanz;ng type. L

~ Alternatively, depolarizing. of the
postjunctional - membrane - of . the ~ motor
endplate can be demornistrated by means of
denervated muscle: It is known that

~chronically denervated skeletal muscle is over

excitable to.-acetylcholine and’ some ‘other
chemical agents. 9 1 this study paraquat
produced - a ‘dose- refated fascrculatlon in

fohronroafly denervated rat. gaetrocnernlus

muscie. This tlndmg supported the Suggeshon

‘that the: depression action. of paraquat on

neuromusoular transmtseron ‘may be due to
depotanzatron at the poetjunotronal rnernbrane.
" Brown and: Matlngm) reported_ that

: :acetyicholrnester_ase activity of rat lung was

inhibited by paraquat. In this study, paraquat
did not inhibit: acetylcholinesterase. activity.

~ This resuit agrees with the finding of Kohen

and® 'Chevi'on(”) wha “reported: that
acetytchohnesterase actlv;ty was hot rnhrbrted

' by paraquat Thus; it mrght be suggested that

the neuromuscutar depress;on produoed by
paraquat may be due to its depolanzrng action

_ ‘at the bostjunctlonat rnembrane rather than ifs
antrohotlnesterase aot:on '
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