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ABSTRACT

The present study was undertaken to investigatectimparative efficacy of captopril (CP) and
allylmercaptocaptopril (AMC) supplementation followji selenite exposure with respect to oxidant-aidant
equilibrium and prevents cataract formation inpaps. Forty Wistar-albino rat pups were equallyidid into
4 groups. In Group [; only subcutaneous (s.c) salias injected. In Group II; single dose of sodigtenite
(19 uM/kg body weight, s.c) was injected on podtparday 10. One day before the selenite challetige,
pups in Group Il and IV were injected intraperiéatly a single dose of 50 mg/kg of CP and AMC
respectively and repeated once daily thereaftetoug®™ day. The development of cataract was assessed
weekly. The density of cataract was graded bylatitp biomicroscopy. On day 21, the blood was ctdieéc
and lenses were removed. Total oxidant status (TO&) antioxidant capacity (TAC), oxidative stréisdex
(OSI) and malondialdehyde (MDA) level were deteradinin the lenses of the rat pups. Serum paraoxdahase
(PON1) activity was determined. All of the lensesrat pups in Group | remained clean. All rat pups
developed dense nuclear opacity in Group Il. Troeeof 10 rat pups developed slight nuclear opaicity
Group 11l while only one rat pup out of 10 in Groly had vacuolization but not opacity. Differenaasong
the groups were statistically significant (p<0.0Gyoup Il lenses had higher mean OSI and MDA l¢keah
those of Group Il and IV (p<0.01). Group Il lendexd lower mean TAC level and serum PON1 activianth
those of Group Il and IV (p<0.01). A negative @ation was found between serum PON1 activity amd |
MDA level (r =-0.6861; P<0.001). CP and AMC botimdiished the incidence of cataract due to its ptaie
of the antioxidant defense system but AMC was faionlge more effective than CP.
© 2010 International Formulae Group. All rights erged.
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INTRODUCTION available treatment for the disease is the

Cataract is a major health problem and surgical extraction of the cataractous lens
the major cause of blindness throughout the followed by replacement with a synthetic
world (Taylor, 1993). Currently, the only  implant. Although such a surgical replacement

© 2010 International Formulae Group. All rights exged.
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of the natural lens with an artificial lens is
significantly dfective in restoring vision to
most patients, it is not free of complications.
Attempts to prevent cataract formation, or at
least significantly retard the onset of the
disease would be of great value (Cornish et
al., 2002).

Free radical-induced oxidative stress is
postulated to be perhaps the major factor
leading to senile cataract formation (Taylor
and Hobbs, 2002). Oxidative stress originates
due to an imbalance between the generations
of reactive oxygen species (ROS) and their
removal. Abnormally high levels of free
radicals due to an over production/inadequate
removal and simultaneous decline in
antioxidant defense mechanism can damage
cellular proteins, nucleic acids and membrane
lipids (Berlett and Stadtman, 1997). Reactive
oxygen species also initiate lipid peroxidation
of polyunsaturated fatty acids (PUFAS)
resulting in the production of reactive
carbonyl  compounds, among  which
malondialdehyde (MDA) is most abundant.

Owing to the involvement of free

radicals, extensive studies have been
conducted to identify oxidative stress
biomarkers. Common biomarkers include

antioxidant enzymes such as superoxide
dismutase, glutathione peroxidase, glutathione
reductase, and catalase. A decrease in
activities of these enzymes in both blood and
lens samples in subjects suffering from

cataract has been reported (Donma et al.,
2002; Ozmen et al., 2002; Ates et al., 2004;
Hashim et al., 2006). Paraoxonase-1 (PON1)
is an enzyme with paraoxonase, aryl esterase,
and diazoxonase activities (Canales and
Sanchez-Muniz, 2003). PON-1 protects LDL

and HDL from oxidation induced by copper

ions and free radical generators (Aviram et al.,
1998). PON1 hydrolyzing activity of some

activated phospholipids (Watson et al., 1995)
and lipid peroxide products is associated with
protection (Aviram et al., 1998). Furthermore,

antioxidants preserve serum PON1 level
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(Aviram et al., 1999). PON1 catalyzes the
breakdown of organophosphates (Jakubowski,
2000; Josse et al., 2001) and also hydrolyzes
homocysteine thio-lactone, which can harm
some proteins by homocysteinylation.
Reduced PONL1 activities have been reported
in cardiovascular diseases (McElveen et al.,
1986; Navab et al., 1997), diabetes mellitus
(Abbott et al., 1995; Mackness et al., 1998;
Sakai et al.,, 1998), chronic renal failure
(Dantoine et al., 1998), rheumatoid arthritis
(Baskol et al., 2005), hyperthyroidism
(Raiszadeh et al., 2004), age-related macular
degeneration (Baskol et al., 2006) and in
cataract (Hashim and Zarina, 2007).

Therefore, it can be postulated that the
prevention of reactive oxygen production or
scavenging of free radicals would be an
effective strategy to prevent or delay cataract
formation or progression. This strategy, in
particular through the use of nutritional
antioxidants, has received much attention
from researchers (Meyer and Sekundo, 2005;
Chiu and Taylor, 2007). Physiologic
antioxidants such as isoflavone genistein and
nutritional antioxidants such as ascorbate,
vitamin E, and carotenoids were found to
delay the development of experimental
cataract (Devamanoharan et al, 1999;
Doganey et al., 2006; Huang et al., 2007).

In our previous studies, we have
extensively evaluated the anticataract activity
captopril  (Lakshmi et al., 2009) and
allylmercaptocaptopril  (under publication)
against selenite induced cataract in
experimental animals. Allicin can covalently
react with captopril to form
allylmercaptocaptopril, in which the allyl
moiety is linked via a disulfide bond to
captopril (Miron et al., 2004; Oron-Herman et
al., 2005).

To evaluate the comparative efficacy of
captopril and allylmercaptocaptopril, we
studied the correlation between lens MDA
level and serum paraoxonase activity and
assessed their protective effect in the
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maintenance  of  oxidative-antioxidative
equilibrium in the lens and sera of selenite-
induced experimental cataract in rat pups.

MATERIALSAND METHODS
Chemicals

Captopril was kindly provided by
Wockhardt Ltd (Aurangabad, Maharashtra,
India) approximate purity was 98%. Sodium
selenite, diallyl disulfide and chemicals
required for enzyme assay were purchased
from Sigma Chemical Company, St. Louis,
MO. All other chemicals and AR grade
solvents were procured from SRL, Mumbai,
India.

Synthesis of allylmer captocaptopril

Allylmercaptocaptopril was
synthesized by previous reported methods
(Miron et al., 2004), with some major
modifications. First, Allicin (diallyl disulfide
oxide, Figure 1) was synthesized by a
modified method of Stoll and Seebeck,
(1948). AllylmercaptocaptoprilAMC) was
synthesized by the addition of captopril (CP)
solution (1 mmol in 7.5 ml water, pH 5.5) to
an aqueous solution of 0.55 mmol allicin. The
reaction was monitored by HPLC analysis
until captopril was no longer detected. The
reaction mixture was then acidified by
hydrochloric acid and extracted by ether to
remove non-reacted allicin. The water phase
was extracted with ethyl acetate. The organic
phase was dried by BBO, filtered and
evaporated, re-dissolved in ethanol, and dried
by speed vacuum concentrator. The reaction
product was analyzed by HPLC and its
structure confirmed by IR, NMR and mass
spectrometry. The reaction between captopril
and allicin to form AMC is illustrated in
Figure 1. The required amount of Iyophilized
AMC was dissolved in 1 ml ethanol and
diluted in water to attain the appropriate
volume and kept in dark bottles. Fresh
solutions were prepared daily for
administration to animals.
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Anticataract activity

Forty Wistar-albino rat pups were
equally divided into four groups. Rats used for
the study were obtained from the animal
house stock of the Department of
Pharmacology, SRM College of Pharmacy,
Kattankulathur, India and handle in
accordance with the guidelines as per the
“Institutional Animal Ethical Committee” and
CPCSEA (Committee for the Purpose of
Control and Supervision of Experiments on
Animals) rules. The rat pups were housed
with their mothers. Each group contained ten
rat pups. The rat pups in Group |, sham,
received only subcutaneous (s.c.) saline. In
Group I, sodium selenite (19 pM/kg body
weight, s.c) was injected on postpartum day
10. One day before the selenite challenge, the
pups in Group Il and IV were injected
intraperitoneally a single dose of 50 mg/kg of
CP and AMC respectively and repeated once
daily thereafter up to 21day.

The pups were observed each day
starting from the day their eyes opened (when
the pups were 15 days old). The development
of cataract was assessed daily by slit-lamp
biomicroscope (TOPCON, Japan). One person
(A.K), who was blinded to the group,
performed biomicroscopic examinations of
the lenses. On postpartum day 21, adequate
mydriasis was achieved by using a topical
ophthalmic solution containing tropicamide
with phenylephrine (Maxdil Plus, Hi-Care
Pharma, Chennai, India) and the development
of cataract was assessed; a) Mature dense
opacity involving the entire lens; b) Slight
nuclear opacity; and c) Normal clear lens.

Biochemical measurements

At the end of the trial, the rat pups were
sacrificed and their encapsulated lenses were
removed by posterior approach without any
delay. The lenses were rinsed with
physiological saline, blotted on filter paper,
half of the lenses in each group were
homogenized in pairs in 10 volumes of
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phosphate buffer (20 mM, pH 7.4) for the
estimation of total oxidant status and total
antioxidant capacity and remaining half of the
lenses of all the groups homogenized in pair
in 1 ml of 0.15 M potassium chloride for the
estimation of MDA level. The supernatant
was obtained by centrifugation in glass tubes
at 6000 rpm for 30 minutes and was used for
measurements. For the measurement of serum
PONL1 activity, blood samples obtained from
the inferior vena cava of the rat pups were
placed into plain tubesBlood in the plain
tubes was allowed to clot for 20 minutats
room temperature followed by centrifugation
at 3000 rpm for 15 minutes and serum was
separated and stored at -80 °C until analysis.

Total oxidant status (TOS)

Total oxidant status (TOS) of lens was
determined using a novel automated
measurement method as previously described
(Erel, 2005). Oxidants present in the sample
oxidized the ferrous ion-o-dianisidine
complex to ferric ion. The oxidation reaction
was enhanced by glycerol molecules
abundantly present in the reaction medium.
The ferric ion produced a colored complex
with xylenol orange in an acidic medium. The
color intensity, which could be measured
spectrophotometrically, was related to the
total amount of oxidant molecules present in
the sample. The assay was calibrated with
hydrogen peroxide and the results were
expressed in terms of micromolar hydrogen
peroxide equivalent per literwgol H,O,
equivalent/L).

Total antioxidant capacity (TAC)

The total antioxidant status of the lens
was measured using previously developed
novel automated colorimetric measurement
method (Erel, 2004). In this method, the
hydroxyl radical, the most potent biological
radical, is produced by the Fenton reaction,
and reacts with the colourless substrate O-
dianisidine to produce the dianisyl radical,
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which is bright yellowish-brown in colour.
Upon the addition of a lens homogenate, the
oxidative reactions initiated by the hydroxyl
radicals present in the reaction mixture are
suppressed by the antioxidant components of
the lens, preventing the colour change and
thereby providing an effective measure of the
total antioxidant capacity. The assay results
are expressed as mmol Trolox eq./L, and the
precision of this assay is excellent, being
lower than 3%.

Oxidative stressindex (OSI)

The per cent ratio of the TOS of lens to
the TAC of lens gave the OSI of the lens, an
indicator of the degree of oxidative stress
((TOS/TAC) x 100) (Kosecik et al., 2005).

Malondialdehyde (M DA)

The extent of lipid peroxidation was
determined by previously described method
(Ohkawa et al., 1979). Briefly, 0.2 ml of 8.1%
sodium dodecyl sulphate, 1.5 ml of 20%
acetic acid (pH 3.5) and 1.5 ml of 0.81%
thiobarbituric acid aqueous solution was
added in succession. To this reaction mixture,
0.2 ml of lens homogenate (prepared in 0.15
M Potassium chloride) was added. The
mixture was then heated in boiling water for
60 min. After cooling to room temperature, 5
ml of butanol:pyridine (15:1 v/v) solution was
added. The mixture was then centrifuged at
5000 rpm for 15 min. The upper organic layer
was separated, and the intensity of the
resulting pink colour was read at 532 nm. The
level of lipid peroxide was expressed as pmol
MDA/g wet weight for lens, using extinction
coefficient 1.56 x 10M~* cm™.

Paraoxonase-1 (PON1) activity

PONL1 activity toward paraoxon was
determined by measuring the initial rate of
substrate hydrolysis tp-nitrophenol, whose
absorbance was monitored at 412 nm in the
assay mixture (800 ul) containing 2.0 mM
paraoxon, 2.0 mM Caghnd 20 pl of serum
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in 100 mM Tris—HCI buffer (pH 8.0). The
blank sample containing incubation mixture
without serum was run simultaneously to

correct for spontaneous substrate breakdown.

The enzyme activity was calculated fran
412 ofp-nitrophenol (18,290 M-1 cm-1) and
was expressed in U/L serum; 1U of enzyme
hydrolyses 1 nmol of paraoxon per min (Gan
et al., 1991).

Statistical analysis

All data were expressed as mean+SD.
One-way ANOVA with post-hoc Dunnett’s
test were applied on the data showing normal
distribution. Additionally, the Kruskal-Wallis
test was used for the data showing abnormal

distribution. Categorical variables were
compared using the chi-squared test.
Correlations  between  variables  were

calculated by Pearson's correlation coefficient
(. P<0.05 was considered statistically
significant.

RESULTS

All of the lenses of rat pups in Group |
remained clean. All rat pups developed dense
nuclear opacity in Group Il. Three out of 10
rat pups developed slight nuclear opacity in
Group lll. The other 7 rat pups in Group llI
had clear lenses. This difference was
statistically significant (x (df =1) = 10.76;
P<0.01). While, only one out of 10 rat pups
showed slight vacuolization but not opacity in

group IV. The other 9 rat pups in Group IV
had clear lenses. This difference was also
statistically significant (k (df =1) = 16.36;
P<0.01).

As shown in Table 1, the mean OSI
level in Group Il was significantly higher than
the mean OSI levels in Group |, Group Il
and Group IV (P<0.01). The mean TOS level
in Group Il was significantly higher than those
in Group |, Group Il (P<0.05) and Group IV
(P<0.01). The mean TAC level in Group I
was significantly lower than those in Group |,
Group Il and Group IV (P<0.01).

A significant increase in MDA level
was found in Group Il opposed to the Group |
animals  (P<0.01). CP and AMC
supplementation  significantly  protected
(P<0.01) Group Il and Group IV animals
from lipid peroxidation which was found to be
lowered in both groups.

In contrast, the mean serum PON1
activity in Group Il was significantly lower
than the mean serum PONL1 activity in Group
I, Group Il and Group IV (P<0.001; Figure
2). Because of the abnormal distribution in the
data of PON1, non-parametric Kruskal-
Wallis test was employed for the analysis.
There was a negative correlation between lens
MDA levels and serum PON1 activity (r = -
0.6861; P<0.001; Figure 3).

Table1l: Levels of TOS, TAC, OSI and MDA in Group |, GrolipGroup Ill and Group IV lenses.

Parameter Group | Group 11 Group I11 Group IV
TOS 14.19+3.16*  21.21+3.11 17.14+3.21  13.19+2.04*
(UM H,0, eg/L) TAC 4.70+0.50* 1.3610.33  3.17+0.41* 4.46+0.32*
(mM Trolox eg/L)SI(AU) 3.10+0.92* 9.81+1.19 5.08+ 0.87* 3.77+0.88*

MDA (1umol/g) 0.045+0.001* 1.147+0.02 0.078+ 0.0010.058+0.001*

All values are expressed as mean+SD. Group |: Ner@@up |I: rat pups treated with selenite onlyo@ IllI: rat pups
treated with selenite and CP, Group IV: animalattré with selenite and AMC. Statistically signifitalifference P < 0.05,
"P < 0.01) when compared with group Il values. TOSal oxidant status, TAC: Total antioxidant capaoDSI: Oxidative
stress index, MDA: Malondialdehyde.
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DISCUSSION

Oxidative stress is implicated in the
etiology of many diseases including
Alzheimer, Parkinsonism, diabetes and
cataract (Halliwel, 2001; Truscott, 2005;
Vinson, 2006). During oxidative stress, high
reactive molecules such as superoxide
radicals, hydrogen peroxides and hydroxyl
radicals are produced. These molecules, if
present in excess, can damage DNA, cellular
proteins and lipids (Berlett and Stadtman,
1997). The rate of generation of reactive
oxygen species (ROS) roughly correlates with
life span and during aging,
oxidant/antioxidant balance is disturbed in
favour of the former (Kregel and Zhang,
2007). Selenite-induced cataract formation is
a convenient, rapid, and reproducible
experimental cataract model (Ostadalova et
al.,, 1978). The role of oxidative stress in
selenite-induced cataract formation has been
previously reported (Shearer et al., 1997).
Selenite causes oxidation of cell components,
including the proteins, and forms a covalent
linkage with protein  sulthydryl. An
augmentation of the antioxidant defenses of
the lens has been shown to prevent or delay
cataract (Spector et al., 1995). Based on our
previous findings on  captoprii as
anticataractogenic agent (Lakshmi et al.,
2009), we predicted that allylmercapto-
captopril, a covalent conjugate of allicin with
the ACE inhibitor captopril, would have a
greater impact and therapeutic efficacy in
correcting oxidative stress induced cataract in
animals than captopril alone. Various
biomarkers have been studied to examine the
level of oxidative stress in lens as well as
blood samples from cataract subjects.

Paraoxonase is another antioxidant
enzyme which is a calcium-dependent esterase
that is widely distributed among tissues such
as liver, kidney, intestine and plasma (La Du,
1996; Mackness et al., 1996). In mammals,
three genes, PON1, PON2 and PON3, have
been identified among which, only PON1 has

2343

been studied extensively because PON2 is
absent from human serum (Ng et al., 2001)
and PON3 is present in very low amount.
PONL is closely associated with high-density
lipoproteins (HDL) (Berliner et al., 1995; La
Du, 1996; Mackness et al., 1996) and acts as
an antioxidants enzyme since it protects
oxidation of low-density lipoprotein (LDL)
from oxidative damage both in vivo and in
vitro (Aviram et al., 1999). PON1 catalyzes
the  breakdown of organophosphates
(Jakubowski, 2000; Josse et al., 2001) and
also hydrolyzes homocysteine thio-lactone,
which can harm some proteins by
homocysteinylation. Reduced PON1 activities
have been reported in cataract subjects.

In the present study, we found that the
mean serum PONL1 activity in selenite-treated
rats was significantly lower than the mean
PON1 levels in the CP and AMC treated rats
(p<0.01). The lower mean PON1 level in
selenite treated rat was due to oxidative stress
of selenite. We observed that CP and AMC
restored the serum PONL1 level but the effect
was more pronounced in AMC treated group.

PONL1 activity is known to be inhibited
by lipid peroxidation (Aviram et al., 1999). To
examine the status of lipid peroxidation, we
estimated lens MDA (product of membrane
lipid peroxidation) concentration in all groups.
Our data indicated highest degree of lipid
peroxidation in selenite treated cataractous
animals as compared to CP and AMC treated
group of animals. MDA concentration was
significantly restored in CP and AMC treated
group comparable to normal. Our results are
consistent with earlier studies which report
higher MDA levels in plasma and lens
samples from cataract subjects (Orhan et al.,
1999). Babizhavev et al. (2004) have shown
that the injection of lipid peroxidation
products into the vitreous humour can induce
cataract formation.

We observed a negative correlation
between MDA levels and paraoxonase activity
(r=—0.6861). Interestingly, the magnitude and



K. S. LAKSHMI et al. / Int. J. Biol. Chem. Sci. 4@337-2347, 2010

association between low PON1 activity and
high lipid peroxides in cataract formation are
consistent with worse oxidant balance and it
was found to be reversed when treated with C
and AMC which proved its antioxidant
efficacy.

Reactive oxygen species (ROS) are
produced in metabolic and physiological
processes, and harmful oxidative reactions
may occur in organisms which remove them
via enzymatic and nonenzymatic antioxidative
mechanisms. In cataract, the increase in
oxidants and decrease in antioxidants cannot
be prevented, and the oxidative/antioxidative
balance shifts towards the oxidative status. To
evaluate the oxidative stress index, we
measured lens total oxidant status and total
antioxidant capacity. TOS was found to be
significantly higher in selenite treated group
while TAS was decreased due to the oxidative
stress provoking effect of selenite as
compared to normal. Treatment of CP and
AMC was found to be effective as they
increased the lens total antioxidant capacity
and decreased total oxidant status. These
findings are in agreement that both drugs are
capable to maintain oxidative-antioxidative
equilibrium in lens. But the effect was more
pronounced in AMC treated group.

Our study supports the hypothesis that
lipid peroxidation plays a crucial role in
inactivation of PON1. The observed decline in
serum PONL1 activity among selenite treated
group of animals appears to be mainly a
consequence of oxidative stress. Our results
clearly indicate that oxidative imbalance is
more pronounced in case of cataractous
subjects. A direct cause-and effect
relationship, however, may not be so
straightforward since oxidative stress appears
to generate multifactorial response. The
approaches that target reduction in rate of
ROS generation and/or induction of
antioxidant activities may prove beneficial.
Captopril and AMC, found to be beneficial to
restore the oxidative imbalance in cataractous

2344

subjects, may be useful for prophylaxis or
therapy against cataracts.
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