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INTRODUCTION

Catarac t  i s  opac i f ica t ion  or  opt ica l
dysfunction of crystallin lens (1). It is the
most significant current problem leading to
blindness and visual disability. Number of
blind people due to cataract was estimated
25 million in the year 2000 (2). In India out
of  12 mil l ion cases of  bl indness,  cataract
alone accounts for 81% (3). The only present
remedy of cataract is surgery (4).  Surgery
al though an e f fect ive  means  of  revers ing
catarac t  has  not  however  e l iminated  the
problem because of many reasons.

(i) Long waiting list : In India about 2.7
mi l l ion  opera t ions  are  per formed
annual ly  ins tead  of  requi red  5  to  6
mil l ion (5) .  Most  of  the  pat ient  wi l l
spend more  than a  tenth  of  the i r
remaining  l i fe  expectancy  v i sua l ly
impaired on the list; some die with their
cataract (6).

(ii) Cost of surgery : It is a worry to some
author i t ies ,  account ing  for  12% of
medicare budget in US (6).

(iii) Risk  o f  compl ica t ions  :  Pos ter ior
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capsular  opaci f icat ion occurs  in  50%
patient but in young patient the effect
is 100% (7).

(iv) Lack of technical hand and equipments :
In many of the countries with the greatest
cataract problems the equipment to deal
wi th  th i s  compl ica t ion  i s  a  rar i ty ,  a
point  which  i s  ignored  by  those
advocat ing  greater  use  o f  the  la tes t
wes tern  surg ica l  techniques  in
deve loping  countr ies  (8 ) .  Though
surgery may be an ef fect ive  mean to
reverse  ca tarac t  b l indness ,  v i sua l
outcome will be poor where experienced
surgeons and appropriate post operative
care ,  inc luding  re f rac t ion,  are  not
available (9).

Though a new long term ini t iat ive  to
expand the capabilities of cataract surgery
and service levels with financial assistance
from the world bank has been undertaken,
a l te rnat ive  means  to  s low down the
advancement of the disease by prophylactic
means  i s  a  des i rab le  goa l  (6 ,  10) .  Thus
finding a means to delay cataract may curb
the growing number of these operations. For
example  i t  has  been hypothes ized  that
delaying cataract by 10 years could reduce
the number of extractions by 50% (11). So,
it is appropriate to search for a drug which
can prevent or delay cataract formation.

Cataract  develops  la ter  in  l i fe  and i s
most likely the consequence of decades of
accumulated damage to the long-lived lens
proteins. In vivo and in vitro studies have
suggested that  much of  this  damage is  a
result of oxidation due to the generation of
oxygen radica l s ,  and that  ant ioxidant
might  protec t  the  lens  agains t  format ion
of  ca tarac t  (12 ,  13) .  A number  o f

epidemiological studies have demonstrated
a  reduce  r i sk  o f  deve loping  ca tarac t  in
person who consume a  d ie t  wi th  h igh
content of  nutri t ional  antioxidants.  These
foodstuffs contain essential vitamins, micro
nutrients, carotenoids and flavonoids which
either alone or in combination attribute to
their anticataract activity (14).

In this study we therefore, intended to
evaluate some of  the antioxidants,  which
can prevent or delay the cataract formation.
Since ambroxol, Spirulina and Vitamin – E
have good ant ioxidant  ef fect  (15–17),  we
have  chosen them to  assess  the i r
anticataract  role.

Vitamin E is a lipid soluble antioxidant
(18) .  I t  can  prevent  oxidant  in jury  to
polyunsaturated fat ty acids and thiol -r ich
protein constituents of cellular membranes
and the  cytoske le ton and can enhance
g luta th ione  recyc l ing  in  the  lens  and
aqueous humour (19).

The  benzylamine  ambroxol  i s  a
semisynthet ic  der ivat ive  o f  vas ic ine ,  an
alka lo id  obta ined f rom Indian  shrub
Adhatoda vasica. Ambroxol has been shown
to have hydroxyl radical (OH), hypochlorous
ac id  (HOCI)  and superoxide  anion (O

2

–)
scavenging  proper ty  (20) .  The  exact
mechanism by which ambroxol  scavenges
oxidants  i s  unknown.  However ,  i t  has
been hypothes ized  that  the  ambroxol
molecule can be oxidized through a transfer
of electron to the amino-benzyl structure of
the aromatic moiety (20).

Spirulina is a multicellular, filamentous
cyanobacter ium,  be longing  to  a  b lue -
green algae of cyanophyta (21). It is a good
source  o f  carotenoids ,  micronutr ients ,
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Group III : I t  rece ived  Ambroxol
suspension in 0.5% carboxy
methyl cellulose (CMC) at
the dose of 100 mg/kg/day
p.o. alongwith naphthalene.

Group IV : It received Spirulina in
distilled water  at  the dose
of  1500  mg/kg/day p .o .
alongwith naphthalene.

Group V : It received Vitamin E
emulsion at the dose of 50
mg/kg/day p.o.  alongwith
naphthalene.

Group VI : It received Ambroxol alone
at the dose of 100 mg/kg/
day p.o.

Group VII : It received Spirulina alone
at the dose of 1500 mg/kg/
day p.o.

Group VIII : It received vitamin E alone
at the dose of 50 mg/kg/day
p.o.

All the above groups were treated for 42
days  (23) .  Catarac t  was  examined by
torchl ight  and ophthalmoscope.  Catarac t
was developed in all animals. On the 43rd
day lenses were removed form the eyes of
a l l  g roups  o f  ra t  for  es t imat ion of  l ens
g luta th ione  by  the  modi f ied  method of
Ellman, 1959 (24), lens soluble protein by
Lowry et. al., 1951 (25) and the lens water
content (26).

Gluta th ione  es t imat ionGluta th ione  es t imat ionGluta th ione  es t imat ionGluta th ione  es t imat ionGluta th ione  es t imat ion

For the estimation of glutathione in lens,
the lens was taken on f i l ter  paper,  dr ied
and homogenized  in  1  ml  o f  10%
trichloroacet ic  acid solut ion (TCA) using

tocophero ls  and be ta -carotene .  I t  i s  a
potent  peroxyl  radica l  scavenger  (22) .
Spirulina increases the level of superoxide
dismutase, catalase, glutathione reductase,
g lu ta th ione  peroxidase  and reduced
glutathione (21).

METHODS

Ninety-s ix adult  female albino rats  of
Wistar strain weighing between 180 and 220
grams, 4–5 weeks old were obtained from
Centra l  Animal  House ,  Jamia  Hamdard,
New Delhi.  Spirulina (Spirulina platensis)
was  purchased  f rom Burman Lab.  Pvt .
Ltd.,  Maksi  (M.P.) ,  Ambroxol (Ambroxol
hydrochloride)  from Aristo Pharma. Ltd.,
Raisen (M.P.),  and Vitamin E (tocopheryl
acetate) from Merck Ltd., Goa. All the other
reagents used were of the analytical grade.

Rats were acclimated to the new facility
for at least three days. They were housed
in clean polypropylene cages under a 12-
hour  l ight/12-hour  dark  cyc le  and were
allowed food and water ad libitum. Animals
were randomly distributed into 8 groups of
12 animals each. All the groups were kept
in same condition in cages. Before starting
the experiment, permission from the Animal
Ethical Committee was obtained.

Trea tment  scheduleTrea tment  scheduleTrea tment  scheduleTrea tment  scheduleTrea tment  schedule

Group I : Normal Control group,
received light liquid paraffin
5 ml/kg/day p.o. for 6 weeks.

Group II : Toxic control group, received
naphthalene  so lut ion  0 .5
gm/kg/day p .o .  for  f i r s t
three days and 1 gm/kg/day
p.o. thereafter.
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t issue homogenizer.  The homogenate was
cent r i fuged  (g  =  12473.5  × 10 4)  for  15
minutes  and 0 .6  ml  o f  supernatant  was
taken and mixed with 1.77 ml of Trix HCI
buffer containing 0.2 M EDTA (pH-8.2) and
30 µl of Ellman's reagent. The final volume
was brought to 3 ml with 0.05 M EDTA and
the absorbance of the solution was measured
immediately at 415 nm.

C a l c u l a t i o nC a l c u l a t i o nC a l c u l a t i o nC a l c u l a t i o nC a l c u l a t i o n :::::

GSH (Lens)  was  ca lcu la ted  f rom
fol lowing  express ion  and expressed  as
moles :

GSH (Co) = A/E × D

Where E = Extinction coefficient
(13,600/M/cm)

A = Absorbance

D = Dilution factor (5.25)

Co = Concentration of glutathione

Prote in  e s t imat ion  us ing  Fo l ins  reagentPro te in  e s t imat ion  us ing  Fo l ins  reagentPro te in  e s t imat ion  us ing  Fo l ins  reagentPro te in  e s t imat ion  us ing  Fo l ins  reagentPro te in  e s t imat ion  us ing  Fo l ins  reagent

For  the  es t imat ion of  so luble  prote in
in lens, the lens was dried on filter paper
and weighed.  A 20% W/V homogenate
was  prepared  in  d i s t i l l ed  water ,  us ing
t i s sue  homogenizer .  The  homogenate
was centrifuged (g = 171105 × 104) for 15
minutes and the supernatant was used for
the  es t imat ion  of  l ens  so lub le  prote in .
5  ml  o f  a lka l ine  so lut ion  was  added to
1  ml  o f  the  supernatant  obta ined a f te r
cent r i fugat ion  of  20% homogenate  and
allowed to stand for 10 minutes. 0.5 ml of
d i lu ted  Fol ins  reagent  was  then added
and the  tube  was  shaken to  mix  the
solution : After 30 minutes the absorbance
against  appropriate  blank at  750 nm was
recorded.

Prepara t ion  o f  ca l ib ra t ion  s tandard  curve  o fPrepara t ion  o f  ca l ib ra t ion  s tandard  curve  o fPrepara t ion  o f  ca l ib ra t ion  s tandard  curve  o fPrepara t ion  o f  ca l ib ra t ion  s tandard  curve  o fPrepara t ion  o f  ca l ib ra t ion  s tandard  curve  o f

p r o t e i np r o t e i np r o t e i np r o t e i np r o t e i n

100 ml of  bovine serum albumin (100
µg/ml) was prepared and different volumes
were taken in 10 test tubes. To all the tubes
disti l led water was added to make up the
volume in each tube to 1 ml. The protein
concentra t ions  in  these  tubes  were
estimated in the same way as that of the
sample.  A graph was plotted between the
concentra t ion  of  prote in  and the  opt ica l
density. The calibration standard plot thus
obta ined  was  used  to  measure  the
concentration of protein in each ml of the
sample.

Lens  wate r  conten tLens  wate r  conten tLens  wate r  conten tLens  wate r  conten tLens  wate r  conten t

For the estimation of lens water content,
the  lens  was  taken out  and f resh weight
was estimated. Lens was then dried in an
oven at 110°C till constant dry weight was
obta ined.  The  d i f fe rences  in  the  weights
were used as  an index of  the percentage
water content in that lens.

Sta t i s t i ca l  ana lys i sS ta t i s t i ca l  ana lys i sS ta t i s t i ca l  ana lys i sS ta t i s t i ca l  ana lys i sS ta t i s t i ca l  ana lys i s

Values  are  presented  as  mean ± SEM.
Results were compared by one-way ANOVA
fol lowed by  Dunnet ' s  t  t es t .  A va lue  o f
P<0.05 was considered significant.

RESULTS

Lens  so lub le  p ro te in  l eve lLens  so lub le  p ro te in  l eve lLens  so lub le  p ro te in  l eve lLens  so lub le  p ro te in  l eve lLens  so lub le  p ro te in  l eve l

Table–I  shows the  prote in  leve l  in
various groups.  The lens protein level  of
naphthalene  t rea ted  animals  (Group I I )
showed a significant (P<0.001) decrease as
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compared  to  the  normal  contro l  group
(Group I). Ambroxol at the dose of 100 mg/
kg/day p.o.  (Group III) ,  Spirul ina at  the
dose of  1500 mg/kg/day p.o.  (Group IV)
and Vitamin E at the dose of 50 mg/kg/
day p.o.  (Group V)  showed a  s igni f icant
increase  (P<0.001)  in  lens  prote in  as
compared to the toxic control (Group II).
Groups VI, VII, and VIII i.e., only Ambroxol,
Spi ru l ina  and Vi tamin E t rea ted,  groups
showed the same levels of protein as that of
control.

TABLE I : Effect of Ambroxol, Spirulina and Vitamin
E on the level of lens soluble protein in the
rats treated with naphthalene.

Groups Treatment Protein (mg)

I Normal Control-Paraffin 7.35±0.19

II Toxic Control-Naphthalene 5.63±0.40*
lg/kg/day p.o.

III Ambroxol 100 mg/kg/day p.o. + 6.68±0.37*
Naphthalene lg/kg/day p.o.

IV Spirulina 1500 mg/kg/day p.o. + 6.71±0.22*
Naphthalene lg/kg/day p.o.

V Vitamin E 50 mg/kg/day p.o. + 6.88±0.27*
Naphthalene lg/kg/day p.o.

VI Ambroxol 100 mg/kg/day p.o. 7.10±0.21*

VII Spirulina 1500 mg/kg/day p.o. 7.31±0.47*

VIII Vitamin E 50 mg/kg/day p.o. 7.05±0.60*

Significance difference between various *P<0.001
groups at

P<0.01 (ANOVA)

Each group comprises of 6 samples. Data shown in
mean ± SEM.

Lens  g lu ta th ione  l eve lLens  g lu ta th ione  l eve lLens  g lu ta th ione  l eve lLens  g lu ta th ione  l eve lLens  g lu ta th ione  l eve l

Table II shows the glutathione level in
various groups. The lens glutathione level
of naphthalene treated animals (Group II)
showed a significant (P<0.001) decrease as
compared  to  the  normal  contro l  group
(Group I). Ambroxol at the dose of 100 mg/

TABLE II : Effect of Ambroxol, Spirulina and Vitamin
E on the level of lens glutathione in the
rats treated with naphthalene.

Groups Treatment
Glutathione

(× 10–5 moles)

I Normal Control-Paraffin 16.31±3.9

II Toxic Control-Naphthalene 8.83±0.33*
lg/kg/day p.o.

III Ambroxol 100 mg/kg/day p.o. + 12.56±0.50*
Naphthalene lg/kg/day p.o.

IV Spirulina 1500 mg/kg/day p.o. + 11.77±1.10**
Naphthalene lg/kg/day p.o.

V Vitamin E 50 mg/kg/day p.o. + 15.39±1.15*
Naphthalene lg/kg/day p.o.

VI Ambroxol 100 mg/kg/day p.o. 16.97±1.32*

VII Spirulina 1500 mg/kg/day p.o. 16.65±2.17*

VIII Vitamin E 50 mg/kg/day p.o. 18.24±0.87*

Significance difference between various *P<0.001
groups at

P<0.01 (ANOVA) **P<0.01

Each group comprises of 6 samples. Data shown in
mean ± SEM.

kg/day p.o. (Group III), Spirulina at the dose
of  1500 mg/kg/day p.o.  (Group IV)  and
Vitamin E at the dose of 50 mg/kg/day p.o.
(Group V)  showed a  s igni f icant  increase
(P<0.001, P<0.01 and P<0.001, respectively)
in lens glutathione as compared to the toxic
control (Group II). Groups VI, VII and VIII
i.e. test agents only treated groups showed
almost the same levels of glutathione as that
of control.

Lens  wate r  conten tLens  wate r  conten tLens  wate r  conten tLens  wate r  conten tLens  wate r  conten t

Table III shows the lens water content
in various groups. The lens water content
of naphthalene treated animals (Group II)
showed a significant (P<0.001) decrease as
compared  to  the  normal  contro l  group
(Group I). Ambroxol at the dose of 100 mg/
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Naphthalene cataract can be induced by
feeding animals with naphthalene and also
by culturing lenses in vi tro in a medium
containing naphthalene-1,2-dihydrodiol  or
1,2-naphthoquinone (NQ) (29,  30).  I t  has
been demonstrated that direct injection of
NQ into the anterior chamber of mouse eye
forms anter ior  cataract  with pathological
fea tures  s imi lar  to  that  o f  naphthalene
cataract (31).

Ingested naphthalene is metabolized in
the liver to the stable compound naphthalene-
1 ,2 -d ihydrodio l  (32) .  Naphthalene-1 ,2 -
dihydrodiol is further metabolized to NQ by
dihydrodiol dehydrogenase (33), an enzyme
also  re ferred to  as  catachol  reductase  in
early publications. Because of its ability to
quickly  react  with g lutathione or  protein
sulfhydryl groups (34), the formation of NQ
is  cons idered  to  be  the  under ly ing
mechanism of  ca tarac t  deve lopment  in
naphthalene  fed  animals  (27) .  Aldose
reducatase  i s  the  key  enzyme for  the
metabolism of naphthalene-1,2-dihydrodiol
in  the  process  o f  naphthalene  ca tarac t
development (35). Although lens epithelial
mi tochondr ia  are  the  targe t  o f  NQ
toxicity, cataract begins to develop before
mitochondr ia  and other  sub  ce l lu lar
organelles become totally dysfunctional (36).

Oxidat ive  mechanisms and reac t ive
oxygen species are believed to play a major
role in development of age related or senile
cataract, a leading cause of impaired vision
and b l indness  in  e lder ly  people  (37) .  A
characterist ic  feature of  the aging human
lens is  a  14- fold loss  of  the key cel lular
antioxidant,  glutathione.

Water -soluble  prote in and glutathione

TABLE III : Effect of Ambroxol, Spirulina and Vitamin
E on the level of lens water content in the
rats treated with naphthalene.

Groups Treatment Water Content (%)

I Normal Control-Paraffin 52.54±2.67

II Toxic Control-Naphthalene 42.97±3.46*
lg/kg/day p.o.

III Ambroxol 100 mg/kg/day p.o. + 45.46±0.98***
Naphthalene lg/kg/day p.o.

IV Spirulina 1500 mg/kg/day p.o. + 45.96±1.65**
Naphthalene lg/kg/day p.o.

V Vitamin E 50 mg/kg/day p.o. + 50.90±1.41*
Naphthalene lg/kg/day p.o.

VI Ambroxol 100 mg/kg/day p.o. 53.12±1.54*

VII Spirulina 1500 mg/kg/day p.o. 53.70±1.58*

VIII Vitamin E 50 mg/kg/day p.o. 52.67±1.22*

Significance difference between various *P<0.001
groups at

P<0.01 (ANOVA) **P<0.02

***P<0.05

Each group comprises of 6 samples. Data shown in
mean ± SEM.

kg/day p.o. (Group III), spirulina at the dose
of 1500 mg/kg/day p.o.  (Group IV),  and
Vitamin E at the dose of 50 mg/kg/day p.o.
(Group V)  showed a  s igni f icant  increase
(P<0.05, P<0.02 and P<0.001, respectively)
in lens water content as compared to the
toxic control (Group II). Groups VI, VII and
VIII showed almost the same levels of water
content.

DISCUSSION

Naphthalene  has  been known to  be
cataractogenic agent with powerful oxidizing
effect for many years (27). Cataract induced
by it develops and progress more rapidly in
pigmented strains than in albino animals,
presumably  due  to  the  presence  o f  the
melanin synthesizing enzyme phenol oxidase
(28).
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decreases in naphthalene-induced cataract
(38, 39). Naphthalene induced cataract has
been utilized as an experimental model for
inves t iga t ing  oxidat ive  insu l t s  that  are
linked to human senile cataracts (27).

The results  of  the present study show
the  ant ica tarac t  e f fec t  o f  Ambroxol ,
Spirulina and Vitamin E. There is a clear
indication of the prevention of cataract by
these drugs. The underlying mechanism is
attributed to the decrease of soluble-protein
level in toxic control group under oxidative
stress created by 1,2-naphthaquinone (38).
Under  th i s  condi t ion  the  prote in  ge ts
denatured and forms disulfide cross linkages
leading to disulfide and mixed disulfide bond
format ion,  hence  prote in  aggregat ion,
prec ip i ta t ion  and lens  opalescence .  The
situation is  however improved along with
an increase  in  the  prote in  leve l  in  ra t s
t rea ted  wi th  Ambroxol ,  Spi ru l ina  and
Vitamin E. The induction of cataract and
its prevention by Ambroxol, Spirulina and
Vi tamin E i s  a l so  indica ted  by  the  lens
glutathione (GSH) level.  As the oxidative
stress increases following 1,2-naphthaquinone
treatment,  the glutathione level  decreases
in order  to  combat  with the s i tuat ion to

prevent  oxidat ive  damages  (39) .  The
situation here again is indicated improved
with  the  adminis t ra t ion  of  Ambroxol ,
Spirulina and Vitamin E, which have shown
the antioxidant effect. The preventive role
of these drugs has also been substantiated
by the estimates of lens water content.

In the lens 1,2-naphthaquinone, a highly
reactive compound (33),  causes alkylation
of protein, glutathione and amino acid. This
lead to the formation of disulphide bridges
caus ing  prec ip i ta t ion  of  h igh  molecular
weight  prote in,  hence opalescence in  the
lens.  The test  agents  used possesses high
antioxidant  property.  They neutral ize the
oxidat ive  s t ress ;  prevent  a lky la t ion  of
protein,  glutathione and amino acid.  The
test agents only treated groups show a slight
increase  in  b iochemica l  parameters  as
compared to the normal control indicating
their  s t rong ant ioxidant  property  p laying
role in day-to-day oxidative stress.

Thus ,  the  lens  so lub le  prote in ,
glutathione and water content profiles show
the preventive role of Ambroxol, Spirulina
and Vi tamin E in  naphthalene- induced
cataract  in rats.
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