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ABSTRACT

AIM: To investigate the protective effecis of N-acetyl-
cysteine (NAC) and N“-Nitro- L-arginine methyl ester
( L-NAME) on aluminium phosphide (AIP)} poisoning
induced hemodynamic changes, myocardial oxygen free
radical injury and on survival time in rats. METH-
ODS: AIP (12.5 mg/kg) was administered intragastri-
cally under urethane anaesthesia. The effect of pre- and
post-treatment with NAC and L-NAME alone and in
combination was studied on haemodynamic parameters
[ blood pressure {BP), heart rate (HR), and electrocar-
diogram (ECG)] and biochemical parameters { malonyi-
dialdehyde, catalase, and glutathione peroxidase). RE-
SULTS; AIP caused significant hypotension, tachycar-
dia, BCG abnommalities, and finally marked bradycardia.
The mean survival time was (90 £ 10) min. There was
significant increase in myocardial malonyldialdehyde
(MDA), and decrease in catalase and glutathione peroxi-
dase (GSH Px) levels. NAC infusion {6.25 mg-kg™'*
min~", iv for 30 min) caused insignificant hemodynamic
and biochemical changes. Pre- and post-treatment of
NAC with AIP significantly increased the survival time,
stabilized BP, HR, and ECG, decreased MDA and in-
creased GSH Px levels compared to AIP group. L-
NAME infusion {1 mg-kg~'-min~', iv for 60 min) as
such caused significant rise in BP but precipitated ECG
abnormalities, Pre- and post-treatment of L-NAME with
AIP neither improved the survival time nor the biochemi-
cal parameters despite significant rise in BP. Co-admin-
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istration of both the drugs with AIP worsened the hemo-
dynamic and biochemical parameters with reduction in the
survival time as compared to AIP. CONCLUSION:
NAC increased the survival time by reducing myocardial
oxidative injury whereas L-NAME showed no such pro-
tective effects in rats exposed to AIP.

INTRODUCTION

Alurninium phosphide (AIP), a solid fumnigant pes-
ticide is extensively used for household storage of grains
in the Northern India despite its restricted sale in the
country. [t is available as greyish tablets (3 g each) un-
der the common trade names of Celphos and Quickphos.
Retrospective hospital based studies on acute poisoning
cases indicated AIP as one of the most common cause of
intentiona) poisoning and mortality'' ~%'. The phosphine
gas released from AIP in the stomach, exerts widespread
toxic effects, The majotity of deaths occur within the
first 12 — 24 h and are due to peripheral vascular collapse,
cardiac failure, pulmonary edema, and acute respiratory
distress syndrome“'”. A recent in vivo study in rats
demonstrated plasma cholinesterase inhibition after AP
exposure'>) . Methemoglobinemia has also been observed
in AIP poisoning'® . A major limiting factor in the man-
agement of these patients is the nonavailability of specific
antidote and thus supportive treatment is the mainstay .

The underlying mechanism of cardiotoxicity and pe-
ripheral circulatory failure caused by phosphine is not well
understood.  In vitro studies indicate phosphine to be a
potent inhibitor of cytochrome-c oxidase in mitochondri-
a7-% A pumber of clinical studies have shown my-
ocardial ischemic changes in AIP poisoning!'®. A study
on rat model of AIP poisoning demonstrated dose-depen-
dent myocardial depletion of glycogen, creatine-phosphate
and lactate complimented with ischemic changes seen in
BCGHY . Myocardial cellular injury due to increased
lipid peroxidation is also suggested in clinical"? and ex-




ISSN 0253-9756  Acta Pharmaccl Sin
E-mail aps@mail. shene. ac. cn

FEEFEFIE 2001 Apr; 22 (4)

Phn/Fax 86-21-6474-262% .+ 299 -

perimental studies''®’. Further, acute respiratory distress

syndrome (ARDS), a cardinal feature of AIP poisoning
is thought to be due to an oxidant injury("* .
N-acetylcysteine (NAC), an important antioxidant
and cytoprotective agent is reported to replenish intracel-
lular glutathione, one of the pirots of cellular defense
against oxidative stress’™ . It is hypothesized that NAC
may protect the myocardivm from ischemic and free radi-
cal induwced injury in AIP poiscning and further L-
NAME, a nitric oxide synthase inhibitor may reduce the
capiliary fluid leakage and consequent intractable circula-
tory shock seen in AIP poisoning. The present study was
therefore, aimed to investigate the effects of NAC and L-
NAME alone and in combination on the survival time,
hemodynamics (BP, HR, BCG} and cardiac biochemical
parameters (MDA, catalase, ghitathione peroxidase) at
various time intervals in rat model of AIP poisoning.

MATERIALS AND METHODS

Male Wistar rats (200 — 250 g), from the Central
Animal Facility of All India Institute of Medical Sci-
ences, were acclimatised for one week under controlled
temperature of 22 C +2 C and 12-h light/dark cycle in
the animal house of the department with access to food
and water ad libinen. The animals were categorised into
7 groups of 30 - 35 rats each. Group 1 (sham operated
control}, Group 2 (AIP exposed), Group 3 (NAC
alone), Group 4 ( AP + NAC), Group 5 ( L-NAME
alone) , Group 6 (AIP + L-NAME), Group 7 ( L-NAME
+ AIP + NAC).

Each group was further divided into four subgroups
of 6 -8 rats each. In one group hemodynamic parame-
ters [ blood pressure (BP), heart rate (HR), electrocar-
diogram {EOG)] and survival time was recorded while
the other three groups, were sacrificed at 30, 60, and 90
min after AIP treatment for biochemical studies { malonyl-
dialdehyde, catalase, ghitathione peroxidase) on the car-
diac tissue. The hemodynamic parameters (BP, ECG,
HR) were continunously recorded on a videograph {Coul-
bourn Instruments, USA) in each animal during the study
petiod and the records, computed at 3¢, 60, and 90 min
were compared .

Under urethane anaesthesia (30 mg/kg, ip), right
external jugular vein was cannulated for intravenous infu-
sions, trachea was cannulated for suction and to case
breathing, left carotid artery was cannulated and connect-
ed to the pressure transducer after callibrating the instru-
ment for recording the BP. BCG electrodes were placed

in the proper position and connected to the instrument for
Lead II recordings. Afier obtaining the baseline records
of BP and ECG, the upper abdomen of the animal was
exposed by midline incision. The pylorus of the stomach
was identified and a gastrostomy hole was made after ap-
plying a purse string suture in control group (Group 1).
In Group 2, weighed amount of AP (12.5 mg/kg, Unit-
ed Phosphorus Limited, India) was administered in the
stomach and the purse string suture was immediately
closed' . In Group 3, N-acetylcysteine (6.25 mg -
kg~ !-min~!, Samarath Phacmacenticals, Bombay) was
infused intravenously at 15 min pre- and post-treatment of
sham operation. In Group 4, same dose of NAC was
administered 15 min prior and 15 min after AIP exposure.
In Group 5, L-NAME (1 mg-kg™'-min~', Sigma) was
infused at 30 min pre- and post-treatment of sham opera-
tion. Group 6 received L-NAME alone 30 min before
and 30 min after AIP administration and in Group 7 AlP
and L-NAME were given at 30 min pre- and posi-treat-
ment in the same doses, and NAC in the same dose at 30
min post treatment .

The BP, HR, and BCG were continuously recorded
in each animal and the survival time was noted. The
biochemical smdies were carried out in rest of the sub-
groups after the scheduled treatment and recording of
hemodynamic parameters at 30, 60, and 90 min. The
animals were sacrificed and the heart was removed and
placed in liquid nitrogen for estimation of malonyldialde-
hyde (MDA), caialase and glutathione peroxidase (GSH
Px) by spectrophotometric {Beckman, USA) methods of
Okhawa et @™, Hans'™, and Khaper and Singal''®’
respectively .

Statistics The hemodynamic and biochemical pa-
rameters in Group 2, 3, and 5 were compared with Group
1 (control group). Group 4, 6, and 7 were compared
with Group 2 ( AIP treated) . 'The comparisons were also
made between the basal values and values at different time
intervals. The results were expressed as X £ 5. Two
way and one way analysis of variance (ANOVA) and un-
paired f-test wherever needed were applied to calculate
the P value. P value of at least 0.05 was considered

significant.

RESULTS
Hemodynamic studies
Effect of AIP Intmagastric administration of AIP

caused significant fall in blood pressure (P < 0.05),
with initial tachycardia followed by progressive bradycar-
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dia (Tab 1). The BECG changes after AIP administration
were observed withint 30 min and included initial ST ele-
vation followed by QRS broadening, increased PR and
QT intervals (Tab 2). The mean survival time in this
group was significantly reduced, (90 10) min as com-
pared to (360 +26) min in controls ( P <0.05).

Effect of N-acetylcysteine alone and in combina-
tion with AIP Administration of NAC in Group 3 led to
significant tachycardia till 60 min, followed by bradycar-
dia (P <0.05). However, the change in BP was not
significantly different than controls at all time intervals
(Tab1). Similarly there were no changes in ECG till 30
min, and T wave inversion and ST segment elevation
were observed at 60 and 90 min (Tab 2). The mean
survival time was (270 £ 11) min as compared to (360 +
26) min in control group ( P <0.05). Pre- and post-
treatment of NAC led to significant fall in blood pressure

(P <0.05), from the basal level, however, it remained
significantly higher at each time interval when compared
10 Group 2 {Tab 1). The ECG paitern remainednormal
till 30 min and then the changes similar to those seen in
AIP groupappeared at 60 and 90 min (Tab 2). The
mean survival time in this group was significantly more,
(120 +17) min as compared to Group 2 (P <0.05).
Effect of L-NAME alone and in combination with
AP The intravenous infusion of L-NAME (1 mg-kg™!
*min~!) produced significant bradycardia at all time in-
tervals ( P < 0.05), as compared to control group.
There was significant rise in BP at 30 min { P <0.05)
which was restored to control level after 60 min. How-
ever, at 90 min, a significant hypotension was observed
(Tab 1). Except significant bradycardia, no other ECG
abnormality was poted till 30 min. At 60 min QRS
broadening and flat T waves were noted while at 90 min

Tab 1. Effect of AIP, NAC, and L-NAME alone and in combination with AIP on heart rate and mean arterial pressure
at various time intervals. Values are x + s of 5 animals in each group. "P <0.05 vs Group 1. P <0.05 vs Group 2.

hp < 0.05 vs basal.

Time since treatment

G Basal 30 min 60 min 90 min

HR BP HR BP HR BP HR BP
( Beats/min) (mmHg) { Beats/min) {mmHg) { Beats/min) { mmHg) { Beats/min) { mmHg)

1 25218 811 20417 B=xo 216+ 22 B2 21413 684
2 256+ 22 N £ 10 296 + 16" 54 1O 300 = 200 46 4% 190+ 10™ 19+ 20
3 260+ 19 © 974 276 + 26™ 76+ 5" 266+ 13 69+ 4h 226 + 16™ 64+ 5"
4 282 +15 92+8 306+ 13% 72469 264 + 167 6l 2t 198 + 15" M+ 4%
5 256 £ 16 82+ 18 196 = 16™ 110+ 17 200 |29 PP 140 + 23% 15+ 5™
6 256+ 43 89=11 216 + F6h 93 + 4° 150 + 224 69 + 4 106 + 13% 333
7 252 10 83+5 26+ 11 94+ 6° 182 + 13 63 + 3% 132 4 13 M4t

Group 1; Control; Group 2; AIP; Group 3: NAC: Group 4; AIP + NAC; Group 5: L-NAME; Group 6: AP + L-NAME; Group 7:

L-NAME + AIP + NAC.

Tab 2. ECG changes after 30 and 60 min of AIP administration in different groups.

BCG changes (Lead II) at 30 min

BOG changes (Lead II) at 60 min

Groups QRS PR ST QT T QRS MR ST Qr T
interval  interval wave interval wave imterval  interval wave interval wave
AIP broadened increased elevated  increased - broadened increased elevated  increased -
NAC - - - - - - - clevated — inverted
ATP + NAC - - — — - broadened increased elevated - inverted
L-NAME - - - - - broadened — - - flattened
AIP + L-NAME - increased - - - broadened -~ elevated - -
L-NAME + AIP+ NAC broadened increased elevated - - broadened increased elevaled - flattened

At 90 min, EI:GchangcsinGrmp2melp71crnaimdalmstshrﬁlwtoﬂmemmﬂ)minudthaddiﬁmmlahumﬁﬁcsobwvodin
some animals like inverted P wave rsR’ pattern, and right bundle branch block. The reference of comparison for ECG changes at 30, 60,
and 90 min was basal ECG pattern in cach group. All the above changes were seen in # =35 rats.
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occassional ISR’ pattern, right bundle branch block {Tab
2) were observed. The mean survival time was (110 %
14} min as compared to {360 + 26) min in controls { P <
0.05).

Pre- and post-treatment with L-NAME resulied in
significant bradycardia with increase in BP at 30 min ( P
<0.05). Though there was fall in BP at 60 and 90
min, yet the values remained significantly higher than
Group 2 (Tab 1). The EQG at 30 min showed pro-
longed P - R interval while at 60 and 90 min and ST cle-
vation with QRS broadening were seen (Tab 2). The
survival time was marginally increased to (100 x 14) min
as compared to AlP group ( P >0.05),

Effct of L-NAME and NAC with AIP  Co-admin-
istration of both the drugs with AIP led to significant fall
in heart rate at all time intervals (P <0.05). The BP
remained significantly higher than AIP group throughout
(Tab 1). However, ECG showed marked abnormalities
including QRS broadening, ST elevation, increased PR
interval, and flat T waves at 30 and 60 min and just be-

fore the death of amimal (Tab 2). The survival time was
decreased to (80 + 6) min as compared to Group 2, (90
+ 1Q) min.

Biochemical studies

Myocardial malonyldiaidehyde The MDA levels
increased after 30, 60, and 90 min of AIP administration
as compared fo the control group. NAC and L-NAME
alone did not change the MDA levels significantly (P >
0.05). Pre- and post-infusion of NAC with AIP resulted
in significant decrease in MDA at all time intervals { P <
0.05) as compared to AIP alone {(Group 2}. However,
pre- and post-treatment of L-NAME with AIP (Group 6)
and also co-administration of both the drugs { Group 7)
cansed insignificant changes in MDA levels when com-
pared to Group 2 (Tab 3).

Catalase Myocardial catalase levels significantly
decreased after AIP administation. In groups where
NAC and L-NAME were administered alone and co-ad-
ministered with AIP, the catalase levels did not change
significantly as compared to control and AIP treated
groups respectively (Tab 4).

Glutathione peroxidase The ghtathione peroxi-
dase levels in cardiac tissue decreased significantly inAlP
exposed Groups (P < 0.05). Insignificant changes in
GSH Px were noted whenNAC and L-NAME alone were
administered.  In Group 4 where NAC was given as pre
and post infusion in AIP exposed rats, showed significant
increase in GSH Px (P <0.05) at 60 and 90 min,

Tab 3. Effect of AIP, NAC, and L-NAME alone and in
combination with AIP on myocardial malonyldialdehyde
levels at various time intervals. Values are x + s of 6 ani-
mals in each group. "P<0.05 vs Group 1. P <0.05 vs
Group 2. "P <0.05 vs 30 min.

Malonyldialdehyde/pmol - g =1

Groups After different time intervals in subgroups
30 min 60 rmin %) min
1 0.060£0.017  0.020+0.020  0.070+0.017
2 0.130+£0.020° 0.150+0.036°  0.160£0.039*
3 0.060+£0.000  0.060+0.009  0.070+0.014
4 0.060£0,000°  0,080+0.009° 0.110z0.012%
5 0.060+0.017 0.060+0.021  0.060+0.020
6 0.110£0.061  0.130+£0.008  0.140+0.029"
7 0.110£0.021  0.140+£0.007  0.150+0.036"

Group 1: Control; Group 2; AP; Group 3: NAC; Group 4; AIP
+ NAC; Group 5: L-NAME; Growp 6: AlP + L-NAME; Group
7: L-NAME + AIP + NAC.

Tabh 4. Effect of AIP, NAC, and L-NAME alone and in
combination with AIP on myocardial catalase levels at var-
jous time intervals. Values are x & s of 6 animals in each
group. "P<0.05 us Group 1. "P<0.05 vs 30 min.

Catalase/mg-min~'-g~!

Groups Afier different time intervals in subgroups
30 min 60 min 90 min
1 21.9+2.8 19.6x0.8 17.1+3.8
2 16,1£2.6° 15.1+2.0° 12.4x1.6%
3 2.5+2.5 19.7+2.2 19.2+1.0
4 17.2x2.0 151+1.2 13.7£2.9%
5 20.0+2.5 18.4x4.5 17.0+2.6
6 18.0£2.5 15.2x1.0 12.51.8"
7 17.3+1.8 15.1x2.5 12.4+1.5"

Group 1; Control; Group 2: AIP; Group 3: NAC; Group 4: AlP
+NAC; Group 5;: L-NAME; Group 6; AIP + L-NAME; Group
7: L-NAME + AP + NAC.

however, L-NAME infusion before and afier AIP (Group
6) did not change the glutathione peroxidase levels signif-
icantly. Similar results as seen in Group 6 were observed
in Group 7 (Tab 5).

DISCUSSION

In the present study AIP produced significant hy-
potension associated with initial transient rise in heart rate
followed by progressive bradycardia. The ECG findings
were characteristic of myocardial ischemia and conduction
defects. Thus, decreased cardiac output appears to be
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Tab 5. Effect of AIP, NAC, and L-NAME alone and in
combination with AIP on myocardial glutathione peroxi-
dase levels at various time intervals. Values are X £ s of
6 animals in each group. P <0.05 vs Group 1.
P <0.05 vs Group 2. "P <0.05 ws 30 min.

1

Glutathione peroxidase/mg*min~' g~

Groups After different time intervals in subgroups
30 min 60 min 90 min
1 0.20+0.014 0.19+0.009 0.18 £ 0.004
2 0.16+0.000°  0.13£0.014"°  0.11+0.012®
3 0.19+0.007 0.19£0.009 0.21+0.009
4 0.18+0.007 0.16+0.009°  0.14+0.000%
5 0.18 + 0,009 0.18+0.009 0.17 £0.007
6 0.14+0.017 0.13+0.009 0.11 +£0.009
7 0.14 £ 0.009 0.13+0.019 0.11£0.019

Group 1; Control; Group 2; AIP; Group 3: NAC; Group 4: AIP
+ NAC; Group 5: L-NAME: Group 6: AIP + L-NAME; Group
7: L-NAME + AIP + NAC.

the major determinant of the precipitous fall in BP after
AP, Similar hemodynamic and ECG changes compli-
mented with ischemic myocardial biochemical changes
have been reported recently in rat model after 10, 20,
and 40 mg/kg of AIP administration!’!). In patients of
AIP poisoning persistent hypotension and ECG abaormali-
ties such as ST elevation, T wave inversion, atrial fibril-
lation, and ventricular tachycardias have been recorded
depending on the severity of poisoning!!:- 1017 18],
However, ST-T changes are the most common findings,
indicating myocarditis and pericarditis’'” . The above
ECG changes are reported to reverse back to normal pat-
tern within 10 — 14 d in survivors'™ . The montality in
AIP poisoning is very high and the survival time is highly
variable, depending on the severity which in tum depends
on the dose of AIP as well as freshness of the tablets con-
sumed® . I our study the survival time was (90 % 10)
min after AIP (2.5 mg/kg) administration.

The myocardial biochemical changes showed pro-
gressive increase in MDA levels -indicating continuous
lipid peroxidation. Simultaneous decrease in catalase and
glutathione peroxidase levels further support the above
suggestion. 'These findings reconfirm our previous ob-
servations'"") . Phosphine gas liberated from AIP is high-
ly toxic and is claimed 1o act by inhibiting cytochrome-c
oxidase thereby impairing mitochondrial metabolism'® .
Inhibition of electron transfer to the respiratory chain at
this site causes cellular hypoxia and leads to generation of
superoxide radicals (HyOp, O%). In the blood samples
of AIP exposed patients, superoxide dismutase, an en-

zyme that dismutates the free oxygen radicals to HyO, is
reported to be raised™-2) . In addition, similar to our
observations, the level of scavenging enrymes ( catalase
and GSH Px) were reduced that might have led to further
accumulation of free radicals® 2’ . The excessive HyOy
load, is reported to cause protein denamration and lipid
peroxidation in the cell membranes leading to raised MDA
levelst'+12:22) | Lisid peroxidation once initiated, fur-
ther generates oxygen free radicals thus setting up a vi-
cious cycle™, a state well supported by our observa-
tions. However, in AIP poisoning survivors, restoration
of MDA, catalase and superoxide dismutase to normal
levels has been seen(?1:2),

The effect of NAC alone on BP in anaesthetized rats
was a significant fall associated with reflex tachycardia
during the infusion period followed by a lower but stable
baseline of both the parameters. Transient initial hy-
potension may be because of enhanced formation of extra-
cellular nitrosothiol molecules, that have vascular smooth
muscle relaxant action!” while the maintenance of stable
bicod pressure afterwards may be due to improvement in
myocardial contractility by increasing corenary blood flow
and cellular thiol pool of myocardium by NAC'™#/. The
BCG remained normal till 30 min of infusion, however,
slight inversion of T wave and elevation of ST segment
occcured at 60 and 90 min in some of the animals.
There is only one case report suggestive of buming chest
pain and ECG pattern displaying nonspecific ST elevation
and T wave inversion after a loading dose of 150 mg/kg
iv of NAC'® . The sequential myocardial biochemical
studies with NAC revealed significant increase in GSH Px
levels and insignificant changes in MDA and catalase
levels.

The AIP induced hypotension was significantly less
after pre- and post-treatment with NAC. The stabiliza-
tion of bloed pressure at a significantly higher baseline af-
ter the infusion could be due to improved myocardial con-
tractility as stated above. The ECG findings remained
normal during the period of infusion indicating protection
against anoxic myocardial injury. Similar protective ef-
fect has been shown in the endotoxemic dogs after the in-
travenous administration of NAC . In our swdy,
though the beneficial effect on hemodynamics and BECG
was short lived yet it had a significant effect on prolong-
ing the survival time, (120 +8) min. Further progres-
sive decrease in MDA and increase in GSH Px at 30, 60,
and 90 min of AJP exposure, strongly suggest continued
suppression of lipid peroxidation. NAC is a low molecu-
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lar weight precursor to glutathione, which can cross the
cell membrane and thereby replenish intracellular glu-
tathione stores'® . In our study we did not measure the
intracellular glutathione levels but determined the amount
of GSH Px which is tightly coupled o the cellular con-
centrations of glutathione. GSH Px reduces HoQ, as well
as organic hydroperoxides, through the oxidation of re-
duced GSH thus exerting antioxidant activity'®). These
observations clearly indicate the usefulness of NAC in AIP
poisoning., Increase in survival time by NAC treatment
may prove to be of clinical value as this delay would al-
low phosphine to dissociate from the celluiar enz.ymesm] .
However, further studies with different dose regimens of
NAC are required to prove its bepeficial role. Infusion
of L-NAME alone caused a rise in BP and bradycardia,
however after the infusion was stopped there was signifi-
cant hypotension, tachycardia, and ischemic changes in
ECG. Studies on the acute effects of L-NAME on
bemodynamics in nonnal rats showed a dose-dependent
increase in arterial pressure with bradycardia, without sig-
nificant effect on cardiac index and BCG recording!® .
Hyperiensive effect is suggested to be due to increased to-
tal periphetal resistance. The decline of BP observed af-
ter stopping the infusion could be because of myocardial
ischemic changes resulting in decreased cadiac index and
stroke volume™* . The hypotensive effect, probably re-
mained masked by the intense vasoconstriction caused by
L-NAME during infusion period. In the present study
myocardial enzymes { free oxygen radical scavenging en-
zymes) and MDA levels remained unchanged afier L-
NAME infusion.

Pre- and post-infusion of L-NAME not only pre-
vented AIP induced hypotension, but also caused rise in
BP during the infusion period of 60 min. The progres-
sive fall in BP afier 60 min was associated with severe
ECG abnommalities. These findings suggest that NO pos-
sibly has some role in AIP induced peripheral circulatory
shock, however, it itself is an arrhythmogenic. In pa-
tents, L-NAME was observed to improve hypotension,
but it worsened the QRS prolongation induced by de-
sipramine®®"’ . Further in the present sudy there was no
beneficial effect on MDA, catalase, and GSH Px levels
after pre- and post-infusion of L-NAME with AP, thus it
did not protect the myocardium from oxygen free radical
injury. The biochemical findings are well supported by
the observation of insignificant improvement in survival
time in these animals. In some recent expeﬁmentalm’m
as well as clinical studies™ use of L-NAME in septic
shock is shown to increase the mortality. In Group 7,

* supported by grants from the Sefél' Laboralories, PRONEX
{ grant number 168/97) and CNPq. .

simultaneous administration of L-NAME, AIP, and NAC
led to severe hypotension, bradycardia, conduction de-
fects and biochemical changes indicative of complete de-
pletion of catalase and GSH Px, and increased formation
of lipid peroxidation end product, MDA!2) | Thus NAC
and L-NAME together did not protect the myocardium
from anoxic and/or toxic injury and did not prolong the
survival time, thereby further strengthening the conclu-
sion that NO may not have a role in AlP induced cardio-
vascular toxicity. However, before categorically denying
its role, it will be interesting to conduct future studies
with higher doses of L-NAME and with prolonged infu-
sion of selective NOS inhibitors. To conclude, NAC in-
creased the survival time by reducing the myocardial ox-
idative injury whereas L-NAME showed no such protec-
tive effects in rats exposed to AlP.
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