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I N T R O D U C T I O N

The endothelial cells of brain capillaries
form a continuous wall ,  collectively termed
as blood-brain barrier (BBB), which restricts
the entry of many substances into the brain.
These endothelial cells are known to contain
among o thers ,  the  ace ty lcho l ines te rase
(AChE) enzyme (1). The role of this enzyme
in BBB function is not clearly known. Previous
s tud ies  ind ica ted  tha t  an t icho l ines te rase
compounds could induce barrier dysfunction
secondary  to  the  e f fec t  o f  convuls ions
fo l lowing  enzyme inh ib i t ion  (2 ,  3 ) .  The
phosalone, an organophosphorous compound,
inh ib i t s  the  AChE i r revers ib ly  i s  mos t

widely  used  pes t ic ide  by  the  farmers .  The
presen t  s tudy  was  a imed  to  e luc ida te  the
ro le  o f  AChE in  BBB func t ion  by  us ing
phosalone.  To assess  the  funct ional  aspect
of BBB, the uptake of 14C labeled amino acid
and  sucrose  was  s tud ied .

M E T H O D S

Fourty adult  male Wister/NIN rats  were
obta ined  f rom the  NIN Hyderabad ,  and
phosa lone  was  suppl ied  by  Vol tas  Ind ia
l imi ted ,  Hyderabad .  The  an imals  were
divided randomly into four groups. The first
g roup  se rved  as  cont ro l  in  which  the  ra t s
were  in jec ted  wi th  g lass  d i s t i l l ed  wate r
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us ing  ra t  b ra in  mic ro  vesse l s  in  v i t ro .  Phosa lone  a t  100  mg/kg  b .  wt .
induced convulsions and caused a significant inhibition of AChE resulting
in  inc reased  pe rmeab i l i ty  a s  a s sessed  by  vo lume  d i s t r ibu t ion .  The
anaes the t i zed  phosa lone  t r ea ted  g roup  a l so  inc reased  pe rmeab i l i ty  a s
compared to the control  but the values were significantly (P<0.05) lower
than phosalone alone treated group.  The inhibi t ion of  AChE enzyme has
altered the barrier function at the dose level at which it caused convulsion
and had an added effect  on permeabili ty of BBB.
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in t raper i ton ia l ly  ( i /p ) .  In -group  2 ,  the
animals  were  injected phosalone i /p  a t  the
ra te  o f  100  mg/kg  b .  wt .  The  an imals
exhib i ted  convuls ions  wi th in  few minutes
af te r  the  t rea tment .  Group  3  ra t s  were
anaes thet ized  wi th  pentobarbi ta l  sodium at
the rate of 50 mg/kg b. wt prior to phosalone
in jec t ion .  Group 4  ra ts  were  anaes the t ized
wi th  nembuta l .

Ra ts  in  each  group  were  sacr i f i ced
af te r  one  hour  o f  t rea tment  o r  dur ing  the
per iod  of  convuls ions  by  decap i ta to r  ( i . e .
spontaneous  separa t ion  of  head  f rom the
body) .  The brains  were dissected out  f rom
the  sku l l  immedia te ly  in to  i ce -co ld
phys io log ica l  buf fe r  so lu t ion .  The  bra ins
were  then  processed  for  i so la t ion  of
metabolical ly act ive micro vessels  (4) .  The
viab i l i ty  o f  i so la ted  micro  vesse l s  was
determined by the trypan blue exclusion test
and enrichment was assessed by the alkaline
phospha tase  (5)  and  gamma g lu tamyl
t ranspept idase  (6)  es t imat ion .  The  ac t iv i ty
of  AChE was  de te rmined  to  eva lua te  the
degree  o f  inh ib i t ion  in  the  ra t  b ra in
homogena te  and  micro  cap i l l a r ies  exposed
to  an t icho l ines te rase  compound.  The
AChE enzyme es t imat ion  was  done  by
rapid colourimetric  method (7) .  The uptake
s tudies  of  labe led  amino ac id  14C tyros ine
wi th  b ra in  cap i l l a r ies  were  de te rmined
(8)  and  in  th i s  14C  Sucrose  was  used  as
marker ,  which  i s  normal ly  impermeable
through  BBB.  Uptake  was  ca lcu la ted  and
expressed as volume of distr ibution (VD µl/
mg pro te in) .

The  i so la ted  micro  vesse l s  have  been
usefu l  to  s tudy  in  v i t ro  permeabi l i ty
proper t i es  o f  endothe l ia l  ce l l s .  However
these  b ra in  micro  vesse l s  should  be  f ree

f rom contamina t ion  and  should  sa t i s fy
certain cri teria such as viabil i ty by way of
s ta ining proper t ies  and enr ichment  through
specific marker enzymes (4).  In the present
s tudy  t rypan  b lue  exc lus ion  tes t  was
conducted showing morphological ly  normal
endothelial cells for establishing viability of
micro vessels.  In control and as well  as in
exper imenta l  g roups ,  a lka l ine  phospha tase
enr iched  f rom 14  to  18 .66  fo lds  f rom
homogena te  to  i so la ted  micro  vesse l s .
S imi la r ly ,  gamma-glu tamyl  t ranspept idase
was  enr iched  in  the  range  of  18  to  20 .77
fo lds  ind ica t ing  the  p resen t  BMV
prepara t ions  were  sa t i s fac tory  for  in  v i t ro
s tud ies .  S tud ies  have  repor ted  tha t
a lka l ine  phospha tase  and  gamma-glu tamyl
t ranspept idase  enzymes  enr ichment  f rom
bra in  homogena te  to  i so la ted  bra in
microvesse l s  was  14  and  20  fo lds
respectively (4),  which were almost similar
to  the  p resen t  observa t ion .  The  AChE
act iv i ty  in  ra t  b ra in  homogena te  in  the
present study was 33.06 n mol/mg/h and the
phosalone at the dose rate of 100 mg/kg b.
wt  caused a  s ignif icant  inhibi t ion of  AchE
ac t iv i ty  bo th  in  homogena te  and  BMV
suspension (Table  I ) .

RESULTS AND DISCUSSION

The resul ts  of  the present  invest igat ion
are depicted in Table I  and II .  The uptake
studies  using 14C labeled tyrosine by BMV
indica ted  tha t  inh ib i t ion  of  AChE has
resul ted  in  a  s ignif icant  increase  in  V D of
ty ros ine  by  BMV,  sugges t ive  of  increased
permeabi l i ty  o f  b ra in  cap i l l a r ies .  S ince
phosa lone  admin is t ra t ion  has  induced
se izures  in  exper imenta l  an imals ,  i t  was
necessary  to  es tabl ish  the  present  increase
in  V D of  ty ros ine  as  a  se izure -dependent
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enzyme inh ib i t ion  or  se izure - independent
inh ib i t ion .  Hence  pen tobarb i ta l  sod ium
anes thes ia  was  used  pr io r  to  the  use  o f
phosa lone  to  prevent  se izures .

There  was  no  s ign i f ican t  d i f fe rence  in
percent  inhibi t ion  of  AChE act iv i ty  in  the
phosalone treated non-convulsive group and
phosolone treated convulsive group.  Uptake
s tudies  indica ted  tha t  even  in  the  absence
of seizures there was a significant increase
in  BBB permeabi l i ty  over  the  con t ro l .
However ,  the  ex ten t  o f  increase  in

permeabi l i ty  was  lower  than  tha t  o f
se izures - induced  group .  Cont ra ry  to  the
presen t  f ind ings ,  the  ea r l i e r  research
findings (2) reported that  anticholinesterase
compound increased  the  permeabi l i ty  o f
BBB provided the seizures were manifested
shor t ly  a f te r  admin is t ra t ion  of  the
compound and  fur ther  repor ted  tha t  ra t s
t rea ted  wi th  pen tobarb i ta l  sod ium d id  no t
show convuls ions  and  damage  to  BBB
integrity was very minimum even with high
degree of AChE inhibit ion.  They concluded
that  the  inhibi t ion of  AChE alone was not

TABLE I : Activi t ies  (n  mol/mg/h)  of  a lkal ine phasphase and gamma-glutamyl
t ranspept idase  enzyme ac t iv i ty  and  the i r  enr ichment  fac tors .

Groups Enzyme Cereral cortex B M V Enrichment factor

Group 1 1. Alkaline Phosphatase 705± 76 10480±202 1:14.8
(Control) 2. Gamma-glutamyl traspeptidase 465± 12 9668±157 1:20.71

Group 2 1. Alkaline Phosphatase 303.6± 98 5667±228 1:18.66
(Anticholinesterase) 2. Gamma-glutamyl traspeptidase 508± 84 10410±220 1:20.5

Group 3 1. Alkaline Phosphatase 367.2± 76 5934±152 1:16.16
(Anticholinesterase+ 2. Gamma-glutamyl traspeptidase 465± 10 8920±172 1:19.1
Pentoarbital sodium)

Group 4 (Pentoarbital sodium) 1. Alkaline Phosphatase 618± 33 8886±125 1:14
2. Gamma-glutamyl traspeptidase 744± 77 14880±281 1:20

Values are  mean ± SD of  10 observat ions.

TABLE II : Acetylchol ines terase  enzyme act iv i ty  and volume dis t r ibut ion.

AChE activity Volume distribution of Tyrosine
Groups (n mol/mg/h) (µl/mg protein)

Brain homogenate Brain Microvessels

Group 1 (Control) 33.06± 3.5A 10.23 ± 3.6A 7.4915± 0.514A

Group 2 (Anticholinesterase) 9.11± 1.5B 1.2 ± 0.34B 10.985± 0.385B

Group 3 (Anticholinesterase+ 10.23± 1.73B 1.08 ± 0.28B 8.9705± 0.188C

Pentoarbital sodium) (30.9%) (10.55%)
Group 4 (Pentoarbital sodium) 35.34± 2.13A 8.20 ± 1.12A 7.49± 0.213A

Values are  mean ± SD of  10 observat ions.
Means with different  superscr ipts  differ  s ignif icant ly (P<0.05)



340 Bharavi and  Reddy Indian J Physiol Pharmacol 2005; 49(3)

suf f ic ien t  to  increase  the  permeabi l i ty  o f
BBB. Their findings are mostly based on in
vivo  exper imentat ion using Evans blue and
protein diffusion techniques,  which are less
sens i t ive  than  the  in  v i t ro  up take  s tud ies
used  in  the  p resen t  inves t iga t ion .

In conclusion,  using of  ra t  brain micro
vessels for in vitro uptake studies to elucidate

the al terat ions in  BBB permeabi l i ty  appear
to  be  an  idea l  sys tem.  The  inh ib i t ion  of
AChE by  organophosphorus  compound
resu l ted  in  dysfunc t ion  of  BBB ind ica t ing
tha t  th i s  enzyme has  pos i t ive  ro le  in
preserving the barrier integrity. The present
s tudy a lso  suggest  tha t  anaes thet iza t ion of
animal  wi th  pentobarbi ta l  sodium appeared
to have no effect on BBB.
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