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Abstract :  Methacrylonitr i le (MeAN) is  a plast ic monomer.  I ts  effect  on
membrane bound enzymes l ike Na +K+-ATPase,  Ca2+-ATPase,  Mg2+-ATPase,
NADH dehydrogenase ,  a lkal ine  phosphatase  (ALP) and var ious  e lements
l ike sodium (Na+) ,  potassium (K+) ,  and calcium (Ca2+)  in  ra t  brain were
s tud ied .  Admin i s t r a t ion  o f  50  mg/kg  body  we igh t /day  (0 .25  LD 50)  and
100 mg/kg body weight/day (0.5 LD

50
) by gavage to rats for 7 days resulted

in  a  s ign i f i can t  dec rease  in  ac t iv i t i e s  o f  Na +K +-ATPase ,  Ca 2+-ATPase ,
Mg2+-ATPase, and NADH dehydrogenase. A significant reduction in calcium
content ,  potass ium content  and a  s ignif icant  increase  in  sodium content
and alkaline phosphatase activity in MeAN treated animals were observed.
Inhibition of membrane bound enzymes occurred due to either direct effect
of MeAN or indirect effect of changes in ionic homeostasis in MeAN treated
an imals .
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INTRODUCTION

Methacrylonitrile (MeAN) is an aliphatic
nitrile, which is produced in large quantities
and  i t  i s  used  as  a  rep lacement  fo r
acry lon i t r i l e  (AN)  in  the  p roduc t ion  of
p las t i cs ,  e las tomers ,  coa t ings  and  in  the
manufac ture  o f  ca rbona ted  beverage
containers .  MeAN has been ident i f ied as  a
component  o f  the  main  s t ream smoke  of
unf i l t e red  c igare t tes  made  f rom a i r -cured ,

flue-cured, or a blend of these tobaccos (1).
MeAN has been shown to be toxic in rats ,
dogs  and  rabb i t s  by  dermal ,  inha la t ion ,
intraperitoneal, ocular and gavage routes (2).
In  addi t ion ,  MeAN deple tes  g lu ta th ione  in
v ivo  and  in  v i t ro  (3 ) .  MeAN is  thought
to  undergo  metabol i sm v ia  pa thways
qua l i t a t ive ly  s imi la r  to  tha t  o f  AN (4) .
Methacry lon i t r i l e  metabol i sm leads  to  the
liberation of cyanide ions in the blood (5). In
comparison to other organs, blood, liver and
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b ra in  con ta ined  the  h ighes t  amounts  o f
cyanide (6). The toxic actions of MeAN were
attributed to the inactivation of cytochrome
oxidase  l ead ing  to  d i s tu rbances  in  t i s sue
respiration (7). MeAN administration, in rat,
mouse and gerbil  developed several  central
nervous  sys tem abnormal i t i es ,  inc lud ing
depress ion ,  a tax ia ,  asphyxia ,  i r regu la r
brea th ing ,  t rembl ing ,  and  convuls ion  (8) .
Similar pathological signs were observed in
rats and mice treated with potassium cyanide
(9). Literature on the toxic influence of MeAN
on cen t ra l  nervous  sys tem i s  comple te ly
lacking. We therefore undertook the present
s tudy  to  charac te r ize  the  tox ic  e f fec t s  o f
MeAN on membrane bound enzymes of  ra t
b r a in .

MATERIAL AND METHODS

Wistar  s train male albino rats  weighing
about  120–150 g  were  used for  the  s tudy.
Sublethal doses (50 mg/kg body weight/day
(0.25 LD

50
) and 100 mg/kg body weight/day

(0 .5  LD
50

)  for  7  days  of  methacry loni t r i le
(F luka  Cheme AG,  CH-9470 Buchs ,
Swi tzer land)  in  sunf lower  o i l  were
administered orally to experimental  animals
(Group 2 and Group 3) .  The dosages were
chosen according to the report (10). Control
animals (Group 1) were given sunflower oil
only. After the experimental period animals
were sacrif iced af ter  an over  night  fast  by
cutting jugular vein. Brain was dissected and
washed in ice-cold sal ine and homogenized
at 4°C (10% w/v) in 0.1 M Tris HCl, pH 7.4.
Homogenate was centrifuged at 2000 × g for
10  min  and  superna tan t  was  used  for  the
assays. Total protein was determined by the
method of Lowry et  al  (11).  Na+K+-ATPase
activity was assayed according to a method

descr ibed  prev ious ly  (12) .  Ca 2+-ATPase
ac t iv i ty  was  es t imated  accord ing  to  the
method  (13) .  Mg 2+-ATPase  ac t iv i ty  was
measured  accord ing  to  the  method  (14) .
Alka l ine  phospha tase  ac t iv i ty  (ALP)  was
assayed by measur ing the  phenol  l ibera ted
from disodium phenylphosphate  (DSPP)  by
the colour  react ion with Fol in’s  reagent  in
the  presence  of  an  a lkal i  according to  the
method (15). NADH dehydrogenase (NADH-
DH) was  assayed according to  the  method
(16) .  One  gram of  t i s sue  was  p laced  in  a
Kjeldalhl’s flask 2.5 ml of de-ionized water
and one ml of  1:1 mixture of  concentrated
n i t r i c  ac id  and  70% perch lor ic  ac id  were
added. The samples were digested on a sand
ba th  t i l l  the  so lu t ions  became c lea r .  The
digest was made up to 50 ml with de-ionized
water  and  mixed  thoroughly .  Sodium,
potassium and calcium concent ra t ions  were
es t imated  by  us ing  a tomic  absorp t ion
spec t ropho tomete r .

For  h is to logica l  s tudy  por t ion  of  bra in
from the control and MeAN treated rats were
gen t ly  r insed  wi th  phys io log ica l  sa l ine
solut ion (0.9% NaCl)  to  remove blood and
debris adhering to tissues. The tissues were
then fixed in 10% formalin for 24 hrs. After
dehydra t ion  th rough  a  g raded  se r ies  o f
alcohols, the tissues were cleaned in methyl
benzoate, embedded in paraffin wax. Sections
were cut at 5 µm thickness and stained with
hematoxyl in  and eosin .

S ta t i s t i ca l  ana lyses  were  done  by
Student ’ s  t es t .  A  ‘P’  va lue  less  than
0 .05  were  cons idered  as  s ign i f ican t .
The  e th ica l  commit tee  of  the  ins t i tu te  has
given the necessary ethical clearance for this
w o r k .
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DISCUSSION

The observed decrease  in  the  ac t iv i t ies
of  Na +K +-ATPase ,  Ca 2+-ATPase  and  Mg 2+-
ATPase in MeAN treated rats (Table I) may
be due to  the  change in  ionic  homeostas is
and may also be due to ATP depletion (17).
Na+K+-ATPase uses chemical energy provided
by ATP to trans-locate Na+ and K+, and build
up  an  e lec t rochemica l  po ten t ia l  g rad ien t
across  the  p lasma membrane  (18) .  S ince
MeAN is  a  cyan ide  re leas ing  compound,
which is a potent ATP depletor, would have
decreased  the  ac t iv i ty  o f  Na +K +-ATPase .
Inhibition of Na+K+-ATPase by MeAN in RBC
membrane  has  been  repor ted  ear l i e r  (19) .

RESULTS

The  da ta  a f te r  s ta t i s t i ca l  ana lyses  a re
presented in Tables I and II. Table I shows
the activities of Na+K+-ATPase, Ca2+-ATPase,
Mg2+-ATPase and NADH dehydrogenase were
s ign i f ican t ly  (P<0 .001)  reduced  and  a
s ign i f ican t  (P<0 .001)  increase  in  a lka l ine
phospha tase  (ALP)  in  MeAN t rea ted  ra t s
compared with control group (Group I). Table
I I  shows  the  leve l  o f  sod ium (Na +)  was
s ign i f ican t ly  increased  (P<0 .001) ,  whereas
those of  calcium (Ca2+)  and potassium (K+)
were significantly reduced (P<0.001) in MeAN
trea ted  ra t s  as  compared  to  con t ro l  g roup
(Group 1).

TABLE II : Leve l s  o f  sod ium,  po tass ium,  and  ca lc ium in  con t ro l  and  MeAN t rea ted  ra t  b ra in .

P a r a m e t e r s Group  1 Group  2 Group  3
( C o n t r o l ) (50 mg/kg body weight/day) (100 mg/kg body weight/day)

Sodium (mg/g  t i s sue) 0 . 7 5± 0 .001 0 . 8 1 ± 0 .001*** 0 . 8 9± 0 .001***

Potass ium (mg/g  t i s sue ) 3 . 0 7± 0 .044 2 . 9 2 ± 0 .028*** 2 . 5 6± 0 .025***

Calc ium (mg/g  t i s sue) 0 . 5 9± 0 .008 0 . 4 4 ± 0 .011*** 0 . 3 8± 0 .009***

Values  a re  expressed  as  mean±S.D.  fo r  s ix  r a t s  in  each  g roup ,  ***P<0 .001 .

TABLE I : Ac t iv i t i e s  o f  Na +K +-ATPase ,  Ca 2+-ATPase ,  Mg 2+-ATPase  NADH dehydrogenase
and  Alka l ine  phospha tase  in  whole  b ra in  o f  con t ro l  and  MeAN t rea ted  ra t s .

Group  1 Group  2 Group  3
P a r a m e t e r s ( C o n t r o l ) (50  mg/kg  body (100  mg/kg  body

w e i g h t / d a y ) w e i g h t / d a y )

Na +K +-ATPase  (µ  moles  o f 0 . 5 6± 0 .014 0 . 4 0± 0 .072*** 0 . 3 4± 0 .022***
Pi  l ibe ra ted /min /mg pro te in )

Ca 2+-ATPase  (µ  moles  o f 0 . 5 7± 0 .087 0 . 3 7± 0 .028*** 0 . 2 9± 0 .037***
Pi  l ibe ra ted /min /mg pro te in )

Mg 2+-ATPase  (µ  moles  o f 0 . 6 5± 0 .123 0 . 6 0± 0 .016*** 0 . 3 2± 0 .025***
Pi  l ibe ra ted /min /mg pro te in )

NADH dehydrogenase (µ moles 0 . 0 9± 0 .003 0 .017± 0 .002*** 0 . 0 6± 0 .001***
of K

3
Fe(CN)

6
 reduced/min/mg protein)

Alka l ine  phospha tase  (µ  moles 8 7 . 1± 7 . 1 0 140 .0± 1 5 . 8 * * * 150 .0± 1 5 . 2 * * *
of  pheno l  l ibe ra ted /min /mg pro te in )

Va lues  a re  expressed  as  mean±S.D.  fo r  s ix  r a t s  in  each  g roup ,  ***P<0 .001 .
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Membrane bound enzymes may be inhibited
by  ox ida t ive  s t ress  (20)  and  degrada t ion
products of lipid peroxidation process on the
enzyme molecu les  (21) .  MeAN induces
oxida t ive  s t ress  (22)  and  membrane  l ip id
peroxidation has been reported earl ier  (23).
The inhibition of Ca2+-ATPase, Mg2+-ATPase
ac t iv i ty  may  be  due  to  the  inh ib i t ion  of
oxidat ive phosphorylat ion (24) .  Ca2+ in  the
membrane assist the cross-linking of skeletal
proteins.  Ca2+ binds to anionic s i tes  in  the
l ip id  b i layer  and  a l te r s  membrane  f lu id i ty
(25) .  Inh ib i t ion  of  Na +K +-ATPase  ac t iv i ty
would be expected to cause a  reduct ion of
Ca2+ t ransport  out  of  the  cel l  by means of
the Na +/Ca2+ exchanger  or  even Ca2+ inf lux
(26) and expected to elevate Na+ concentration
and reduce K+ levels (27). This is consistent
wi th  the  observat ions  of  the  present  s tudy
on  the  concent ra t ion  of  sod ium (Na +) ,
potassium (K+) and calcium (Ca2+) in MeAN
ingested rat  brain (Table II) .

A s ign i f ican t  decrease  in  the  ac t iv i ty
of  NADH dehydrogenase  enzyme on
MeAN adminis t ra t ion  was  observed
(Table  I ) .  The  decrease  in  the  ac t iv i ty  o f
NADH dehydrogenase  enzyme on  MeAN
adminis t ra t ion  may be  due  to  reduct ion  in
cy tochrome ox idase .  The  reduc t ion  in  the
activities of cytochrome oxidase and NADH
dehydrogenase  in  MeAN adminis t ra ted ra ts
RBC has been reported earlier (19). MeAN-

induced reduct ion in  NADH dehydrogenase
ac t iv i ty  cou ld  be  assoc ia ted  wi th  cyan ide
product ion by MeAN. Cyanide  inhibi ts  the
activity of cytochrome oxidase (28). Inhibition
of cytochrome oxidase is widely accepted as
the  mechanism for  the  le tha l  e f fec t s  o f
cyanide in animals (29).

A s ign i f ican t  inc rease  in  a lka l ine
phosphatase activity (ALP) in MeAN treated
rats was observed when compared to control.
Alkal ine  phosphatase  repor ted  to  be  found
mainly in  the blood vessels ,  p iaarochonoid
and choroids  p lexus  (30) .  The presence of
alkal ine phosphatase and anionic  charge in
the  p lasma membrane  had  been  known to
regulate vascular endothelial  transport  (31).
In  ex tens ive  bra in  damage  such  as  in
necro t i s ing  les ions ,  severe  damage  to  the
vascular endothelium can lead to leakage of
this  enzyme (32) .  The increase  in  a lkal ine
phosphatase  may be  due  to  the  damage of
vascu la r  endothe l ium dur ing  necros i s  o f
brain in MeAN treated rats which is evident
in histological studies (data not show).

The  presen t  s tudy  ind ica tes  tha t  the
morphological alterations like cell necrosis and
changes in cellular homeostasis by MeAN may
account for that inhibition of membrane bound
enzymes.  These resul ts  suggest  that  MeAN
besides having toxic side effects also exerts
i ts  toxici ty  on membrane bound enzymes.
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