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Background: The present study was designed to investigate the effect of Saraca indica (Sl) flowers www.phcog.com

extract and different bioactive fraction on /n vitro aldose reductase (AR) inhibitory activity, high DOI:

glucose-induced cataract in goat lens and in vivo streptozotocin (STZ; 45 mg/kg, i.p) induced 10.4103/0973-1296.149722
cataract in rats. Methods: Extract of flowers of S| tested for inhibition against rat lens AR.
Furthermore, bioactive fraction was investigated against high glucose-induced opacification of the
lens in vitro lens culture and STZ induced diabetic cataract in rats. Identification of the bioactive
component was attempted through high-performance thin-layer chromatography, high-performance
liquid chromatography and liquid chromatography-mass spectrometry analysis. Results: Ethyl
acetate fraction of S. indica (EASI) produced maximum inhibition that may be due to high phenolic
content. Goat lenses in media containing glucose developed a distinctly opaque ring in 72 h and
treatment with EASI fraction lowered lens opacity in 72 h. Prolonged treatment with EASI to
STZ-induced diabetic rats inhibited the AR activity and delayed cataract progression in a dose
dependent manner. Conclusion: Ethyl acetate fraction of S. /indica fraction has potential to inhibit
rat lens AR enzyme and prevent cataractogenesis not only in goat lens model (in vitro), but also
in STZ induced diabetic rats (in vivo). This study is suggestive of the anticataract activity of EASI
fraction that could be attributed to the phytoconstituents present in the same.
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INTRODUCTION

proceeds through an alternative route of metabolism,
that is, polyol pathway.P! Aldose reductase (AR) is a
major and rate limiting enzyme in the polyol pathway,
which catalyzes the formation of sorbitol by reducing the

Cataract, characterized by cloudiness or opacification of the
eye lens is the leading cause of blindness in developed and

developing countries.!" Diabetes is one of the prime causes
for cataract development. At present, surgery remains to
be the sole treatment for removal of cataract.” This causes
tremendous socioeconomic burden particularly in rural
areas where diabetes treatment and cataract surgeries are
often neglected. Under normal condition, most of the
cellular glucose is metabolized by glycolysis and pentose
phosphate pathway. A negligible amount of glucose
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aldehyde form of glucose with concomitant conversion
of NADPH to NADP+.1 Depletion of NADPH by
activation of the polyol pathway further increases tissue
oxidative stress. In addition, some of the sorbitol are
oxidized by sorbitol dehydrogenase to fructose, which is
substrate for advanced glycation end product. In polyol
pathway under hyperglycemic state, >30% of glucose is
metabolized in contrast to the normal condition wherein
3% of glucose is subjected to this pathway. This results
in the buildup of sorbitol in the tissues further leading
to osmosis culminating in oxidative stress related cataract
and other diabetic complication.”) Underlying mechanisms
related to glucose toxicity such as oxidative stress, enhanced
polyol pathway and processes of nonenzymatic glycation
significantly contribute to the development of eye
complications in diabetic patients.
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Inhibition of AR would serve as a vital target for reducing
complications associated with diabetes. There is an uprising
search to come up with molecules exhibiting AR inhibitory
activity, which are either synthesized or isolated from plant
sources. In spite of continuous search, many molecules
were unable to reach clinical trials due to their safety and
efficacy issues.™ Thus, the development of safe and
efficacious inhibitors of AR is the need of the hour.

Saraca indica (SI) is a small evergreen tree native to
India, commonly known as Ashoka tree belonging to
Caesalpiniaceae family. The flowers are orange-yellow in
color. Its various uses to treat vatious types of ailments
have been reported in the traditional system since antiquity.
It has widely been used in treating internal piles, diabetes,
dyspepsia, indigestion, burning sensation, blood disorders,
fractures, tumors, inflammation and in uterine disorders.”
Apart from its uses in traditional medicine, scientific studies
have indicated that it possesses various biological activities
such as antioxidant,!'”! antibacterial,'!l antiulcer,?
cardioprotectivel” and hypoglycemic.' The flowers of
SI have been reported to possess antidiabetic activity.
This further instigated us to screen SI flowers and its
fraction as a potential AR enzyme inhibitor and preventing
cataractogenesis in goat lens model (iz vitro), followed
by in vive evaluation of streptozotocin (STZ)-induced
cataract formation in diabetic rats. The active fraction was
further subjected to various analytical techniques such as
high-performance thin-layer chromatography (HPTLC),
high performance liquid chromatography (HPLC) and
LC-MS in order to identify the compound responsible for
the AR inhibitory activity.

Experimental

Chemicals

Streptozotocin was purchased from Sisco research
laboratories, Mumbai. The chemical and reagents utilized in
this experiment were of analytical grade. Different fractions
of SIwere dissolved in dimethyl sulfoxide for iz vitro studies
and suspended in 0.5% sodium carboxymethyl cellulose
for in vive studies.

Animals

Male adult Wistar rats are weighing 180-250 g were used.
The experimental protocol was approved by Institutional
Animal Ethics Committee (ICT/IAEC/2011/ICT/P56)
of Institute of Chemical Technology, Mumbai. The animals
were acclimatized for a period of 1 week, ad /ibitum food and
water was provided and 12 h light/dark cycle was maintained.

Collection and authentication of Saraca indica flower
Flowers of SI were collected in the month of April 2011
from ICT campus, Mumbai. The flowers were authenticated
by the Dr. Ganesh Iyer, Botany Department, Ruia College,
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Mumbai and deposited in the herbarium of ICT department
as a voucher specimen number ICT 201111.

Extraction and fractionation of Saraca indica flower
Fresh flowers of SI were collected and dried in the oven
at 50°C undl it attained constant weight and pulverized
to a coarse powder. The powdered plant material (100 g)
was defatted by using petroleum ether and then subjected
to methanolic extraction by soxhlet apparatus, which
was filtered and concentrated under reduced pressure
using a rotary evaporator till constant weight. Methanolic
extract was further successively fractionated with an equal
volume of ethyl acetate and water (1:1) to obtain Ethyl
acetate fraction of . indica (EASI) and water fraction
separately. Water fraction was refractionated by n-butanol
to get n-butanol and water fraction. Each fraction was
concentrated by rotary evaporator at 40°C. Fractionation
and extraction of SIis shown in Figure 1.

Assay for aldose reductase inhibitory activity
Preparation of crude rat lens aldose reductase enzyme
Eyes of normal Wistar rats were removed immediately after
they were sacrificed. The lenses were removed from the
eyes, washed with saline and weights of lens were recorded.
The lenses were homogenized in sodium phosphate
buffer (pH 6.2) containing 10 mM P-mercaptoethanol.
The homogenate was then centrifuged at 10,000 rpm at
4°C for 20 min to obtain a clear supernatant, which was
frozen until further estimation. Protein content of the lens
homogenate was determined by Lowry e7 a/")

Aldose reductase inhibitory activity using xylose as
substrate

The AR inhibition studies of methanolic extract of SI and
its isolated fractions were carried out. The freshly prepared
enzyme, varying the concentration of isolated fractions,
0.067 M buffer (pH 6.2), 0.125 mM NADPH, 400 mM
lithium sulfate and 40 mM xylose were taken in a cuvette
with total volume of 2 ml. The change in the absorbance
over a period of 3 min was measured at 340 nm. Quercetin
was used as a standard under similar conditions.'*!
%lInhibitory activity = (optical density [OD] control — OD
sample)/OD control X 100

The fraction showing maximum activity was subjected to
further studies.

I vetro anti-cataract activity of bioactive fraction

Fresh goat eyeballs were obtained from local slaughter
house (Matunga, Mumbai) immediately after sacrifice and
were transported to the laboratory under cold conditions (0-
4°C). The lenses were removed by extracapsular extraction
and incubated in artificial aqueous humor media. Cataract
was induced in the goat lens using 55 mM of glucose
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The powdered plant material was detatted with petroleum ether and then extracted with methanol by soxhlet extraction.

iSs

Methanol Extract

Ethyl acetate Water
fraction fraction
| Rotavapor 402C | Rotavapor 402C
Ethyl acetate Water
fraction extract Fraction extract

[N-butanol fraction] [ Water fraction ]

| Rotavapor 402C

| Rotavapor 40°C

N-butanol fraction Water fraction
extract extract

( 1.Pet ether (PESI) )( 2. Ethyl acetate (EASI) )( 3. Butanol (BSI) )( 4. Water (WSI) )

Figure 1: Fractionation scheme for Saraca indica flower

solution. A total of 20 lenses were divided into the five
groups (7= 4) as follows: Group I: Glucose 5.5 mM (normal
control), Group 1I: Glucose 55 mM (cataract control),
Group III: Glucose 55 mM + 1 mg/ml Quercetin (Positive
control) Group IV: Glucose 55 mM + 0.5 mg/ml
EASI (Test Group 1) and Group V: Glucose
55 mM + 1 mg/ml EAST (Test Group 2). After 3 days of
incubation period, 10% w/v homogenate of the lenses
were prepared using 0.2 M Tris (pH 7.8) containing
0.25 X 10% M ethylenediaminetetraacetic acid. The
supernatant was obtained after centrifugation of the
above homogenate at 10,000 g at 4°C, which was further
used in the determination of total lens protein, reduced
glutathione,!'”! superoxide dismutase (SOD)!"® and
catalase activity.l"”! The degtree of opacity was graded as 0:
Absence (Clear lens), +: Slight degree, ++: Diffuse opacity,
+++: Extensive thick opacity.*"!

In vivo cataractogenesis in streptozotocin induced diabetes
rat Induction of diabetes

Diabetes mellitus was induced by single intraperitoneal
injection of freshly prepared STZ (45 mg/kg) in
0.1 M citrate buffer (pH 4.5). After 7 days, the blood was
collected from rat tail and the glucose level of each rat
was determined. Rats with a fasting blood glucose range
of 250-350 mg/dl were considered diabetic and included
in the study. Blood glucose level was measured using
glucometer (Accu-Check® sensor comfort purchased from
Roche Diagnostics, India Pvt. Ltd.).?'!

Experimental design

The animals were divided into four groups (7 = 5)
viz. normal control, diabetic control, diabetic animals
treated with 200 mg/kg body weight of EASI, and
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diabetic animals treated with 400 mg/kg body weight of
EASI. The treatment continued for 8 weeks. The body
weight and blood glucose levels were monitored, and
cataract formation in each animal was observed.”? At
the end of the experiment eyes of rats were enucleated,
incision was made anteriorly to the ora serrata across
the circumference of the eye in order to obtain the
cornea and iris. Application of gentle pressure to the
sclera resulted in the removal of the lens from the rat
eye ball, which was further deprived of vitreous tissue.
The lenses were weighed and homogenized with of
50 mM phosphate buffer (pH 7.6). The AR activity in
the lens was determined in terms of the decrease in
NADPH absorbance using a ultraviolet-visible (UV-VIS)
spectrophotometer at 340 nm.*! AR activity is expressed
as W moles NADPH oxidized/ g protein.

Eye examination and cataract grading

Eyes were examined every week on dilated pupils.

Initiation and development of goat lens opacity was

evaluated according to the grading scale provided by

Suryanarayana ef al. briefly, the scoring pattern used is

as follows:

e Stage 0: Clear lenses with no vacuoles;

e Stage 1: Vacuoles cover approximately one-half of the
surface of the anterior pole;

e Stage 2: Disappearance of few vacuoles and cortex
haziness;

e Stage 3: A hazy cortex and dense nuclear opacity;

*  Stage 4: A mature cataract.*!

Acute oral toxicity study

Acute oral toxicity study was performed according to
OECD 425 guideline.” Female Wistar were administered
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with a single dose (2000 mg/kg; p.o.) of mostactive fraction
of SI and observed for mortality during 14 day’s study
period. The LD, of the active fraction was calculated.

Phytochemical analysis and identification of
phytoconstituents in ethyl acetate fraction of
Saraca indica fraction

The preliminary phytochemical screening of the active
fraction of EASI was carried out for the detection of
secondary metabolites such as phenols, flavonoids,
glycosides, alkaloids, steroids, triterpenoids and saponins
using standard chemical tests as elaborated by Khandelwal.

Determination of total phenolic content

Total phenolic content (TPC) of the active fraction of
SI was determined by using folin-ciocalteau reagent.””
EASI and standard gallic acid (GA) were dissolved in
methanol. Briefly, 100 uL of EASI (1 mg/mL) was added
to a test tube containing 50 UL phenol reagent (1M). The
volume was adjusted with 1.85 mL distilled deionized
water and vortexed. After 8 min, 300 UL Na,CO, (20%
in water, v/v) was added. The solution was vortexed, and
the final volume (4 mL) was adjusted by adding 1.7 mL
distilled deionized water. A reagent blank was prepared
using distilled deionized water instead of test sample.
The final mixture was vortexed and then incubated for
1 h in the dark at room temperature. The absorbance
was measured at 725 nm using a Shimadzu UV-VIS
spectrophotometer. A standard curve was prepared using
various concentrations of GA against the absorbance.
The results were expressed as Ug GA equivalents/mg of
dry extract.

High-performance thin-layer chromatography analysis
of ethyl acetate fraction of Saraca indica fraction
High-performance thin-layer chromatography (CAMAG
make Germany) was performed on aluminum backed
plates coated with silica gel 60F ,, (Merck, Mumbai, India).
The camag glass twin-trough chamber was saturated using
a mobile phase comprising of toluene: Ethyl acetate:
Formic acid, 5:4:1 (v/v/v), wherein the development was
done in the ascending front at room temperature. After
development, thin-layer chromatography plate was sprayed
with ferric chloride reagent.*)

High performance liquid chromatography analysis of
ethyl acetate fraction of Saraca indica fraction

Agilent-1200 series HPLC (Agilent Technologies,
Wald-bronn, Germany) equipped with UV detector (at
254 nm) was used for analysis. Method was developed
using Agilent Zorbax Eclipse C18 column (4.6 X 250 mm)
with mobile phase composition acetonitrile: 1% formic
acid (20:80), operated at 1 ml/min flow rate. The column
was maintained at ambient temperature (20°C). Each
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sample was run for 10 min. Methanol was used for the
preparation of sample solution.

Liquid chromatography-mass spectrometry analysis
of ethyl acetate fraction of Saraca indica fraction
Liquid chromatography-mass spectrometry (LC-MS)
system (Model triple Quadrupole LC-MS Agilent 6410/
Agilent 1200) was used to identify the structure of the
phytoconstituent in EASI. The electrospray ionization mass
spectrum in the negative ion mode was acquired using a
capillary voltage of — 4.5 kV, fragmentation voltage of
135V and desolvation gas (nitrogen) was heated at 325°C.

Electrospray ionization tandem mass spectra was obtained
by mass-selecting the target ion by the use of quadrupole
mass analyzer with subsequent use of 25 eV collision
induced dissociation using nitrogen in a collision cell.
Active fraction of SI (EASI) was dissolved in methanol,
filtered (0.22 mm), and 10 UL of the solution was used
for the LC-MS analysis. The gas nebulizer pressure was
45 psi. The fragmentation information from mass spectra
was used to assess the molecular structure of the active
component.

Statistical analysis

Statistical evaluation of the data was performed using ~test
or one-way analysis of variance followed by Dunnett’s
multiple comparison tests using GraphPad Prism software
version 5. The minimum level of significance considered
was P < 0.05.

RESULTS

Aldose reductase inhibition activity using xylose as
substrate

The methanolic extract of SI and its various fractions
were analyzed for their inhibitory activity on crude AR
enzyme by using xylose as the substrate [Table 1]. Amongst
all the fractions investigated, EASI fraction (inhibitory
concentration [IC, ] =4.69 ug/ml) showed higher
percentage of inhibition atless concentration, followed by
methanolic extract (IC, = 13.54 ug/ml). Butanol fraction
was found to have the least inhibition potential against AR
enzyme. However, petroleum ether and water fraction were
devoid of AR inhibitory activity. Quercetin was used as a
positive control under similar assay conditions.

Anti-cataract activity of ethyl acetate fraction of
Saraca indica in sugar induced cataract

Following the positive 7 vitro inhibitory results of the EASI
fraction, we decided to evaluate its effect on hyperglycemia
induced cataract in goat lens model. Representative photos
of goat eyes incubated with glucose are shown in Figure 2.
Incubation of goat lenses with 55 mM glucose caused
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cataract progression within 24 h. All lenses in normal
control group remained transparent whilst all lenses in
high glucose group became cloudy and lost transparency.
The opacity gradually increased towards the center with
full opacification by 72 h. EAST at 0.5 mg/ml and 1 mg/ml
retarded the development of opacity when compared with
cataract control. The grade of opacity is shown in Table 2.
Incubation of lens with 55 mM of glucose (Group 1I)
showed significantly (P < 0.05) decreased glutathione, SOD
and catalase levels when compared to the normal control

Table 1: Inhibition on crude aldose reductase
inhibitory activity by MSI and its different
fractions

Aldose reductase inhibitory activity

Treatment IC,, (ng/ml) % Inhibition
MSI (5-40 pg/ml) 13.54 91
EASI (1.25-7.5 ug/ml) 4.69 93
BSI (2.5-15 pg/ml) 11.68 62

PESI (5-40 pg/ml) - -
WSI (5-40 pg/ml) - -
Quercetin (2.5-7.5 pg/ml) 4.61 94

MSI: 722, EASI: 2?22, BSI: 2?2, PESI: 22?2, WSI: 222, IC: 722

C vy 4 /. 4 . /IS s IRETBOELY
Figure 2: Representative digitized illustrations of the anticataract
activity of ethyl acetate fraction of Saraca indica (EASI) lenses for
incubated (a) with 5.5 mM glucose (Normal control) (b) high glucose
(c) high glucose + Quercetin (1 mg/ml) (d) high glucose + EASI (0.5
mg/ml) (e) high glucose + EASI (1 mg/ml)

group [Table 2]. EASI at the concentrations of 0.5 mg/ml
and 1 mg/ml showed significant restoration of activities
of lens reduced glutathione, SOD and catalase when
compared to the cataract group. EASI (1 mg/ml) group
showed comparable activity to 1 mg/ml of quercetin group.

In vivo cataractogenesis in streptozotocin induced
diabetes rat

To affirm the protective effect of EASIin the hyperglycemia
mediated goat lens opacification 7 vitro organ culture, we
investigated whether 7z vivo administration of EASI can
prevent or delay STZ induced diabetic cataract in rats.
Representative photos of eye taken from the experimental
animals are shown in Figure 3. Also, at the end of 8 weeks
of EASI treatment a dose dependent decrease in AR
activity in the diabetic rats was observed [Table 3].

Cataract study

Eye examination showed that normal control rat lenses
were in stage 0 throughout the duration of the experimental
period. The onset of cataract due to hyperglycemia was
observed in diabetic animals between 4 and 5 weeks of STZ
injection and progressed to mature cataract by 8 weeks in
untreated diabetic rats [Figure 4]. The values of the average
stage of the cataract score at the end of 8 weeks were lower
in the EASI treatment than in the diabetic control group,
indicating that the EASI delayed the maturation of diabetic
cataract.

Effect of ethyl acetate fraction of Saraca indica on
blood glucose levels in diabetic rat

In this study, the effect of EASI fraction on glucose
levels in STZ induced diabetic rats was monitored to
understand whether EASI ameliorated cataract onset and
its progression by reducing STZ induced hyperglycemia.
The blood glucose levels were found to be elevated in the
STZ induced diabetic rats to 398, whereas in the case of
normal control animals it was found to be 78. However,
the EASI treatment for 8 weeks at the dose of 200 and
400 mg/kg exhibited 25% and 41% reduced in the blood
glucose level respectively [Table 3]. Treatment with EASI

N \\\Q\\\&‘u e e d

Figure 3: Representative photograph lens of (a) normal control (b) diabetic control (c) ethyl acetate fraction of Saraca indica (EASI) 200 mg/

kg treatment (d) EASI 400 mg/kg treatment
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Table 2: Effect of EASI on antioxidant enzymes and grade of opacity on isolated goat lens model

Groups Treatment Total protein Reduced GSH CAT SOD Grade of
(n=4) (mg/g lens) (ng/mg protein) (UA/mg protein) (UA/mg protein) opacity

| Normal control (5.5 mM) 173.16+5.60 3.37+0.30 5.41£1.60 0.22+0.01 0

1] High Glucose (55 mM) 133.704£7.13 1.75+0.50* 0.80+0.56" 0.10+0.03* +++

1l High Glucose (55 mM)+Quercetin (1 mg/ml) 162.17+2.16** 2.73+0.34* 4.69+0.56** 0.17+0.03* 0

\Y, High Glucose (55 mM)+EASI (0.5 mg/ml) 158.63+4.59** 2.58+0.33* 3.72+0.64** 0.16+0.02** +

Y High Glucose (55 mM)+EASI (1 mg/ml) 163.34+7.29** 2.77+0.25** 4.21+0.84** 0.18+0.03** 0

EASI: 222, GSH: 222, CAT: 222, SOD: 222, %, %%: 222, #: 222, +, +++: 272

Table 3: Effect of the EASI fraction on body weight, blood glucose and aldose reductase in

streptozotocin-induced diabetic rats

Treatment n=5 Normal control

Diabetic control

EASI 200 mg/kg EASI 400 mg/kg

Initial body weight (gm) 235+14 25512
Final body weight (gm) 292+18 190+15*
Initial body Glucose (mg/dl) 72.60+11.99 319.6+28.13
Final body Glucose (mg/dl) 78.60+9.74 398+22.89*
Lens AR activity (umol/g) 1.38+0.91 3.07+0. 62*

24615 238+12
220+18* 232+16*
348+27.45 392+22.56
298.8+21.47** (25% reduced) 234.4+29.12** (41% reduced)
1.82+0.46* 1.58+0.67**

EASI: 222, AR: 222, %, #*%: 222, #:222

caused a marginal (200 mg/kg) to moderate (400 mg/kg)
decrease in the levels of glucose in diabetic rats.

Phytochemical analysis and identification of
phytoconstituents from ethyl acetate fraction of
Saraca indica fraction

The TPC was 118.06 £ 0.16 ug GA equivalent/mg dry
extract. Thus, EASI was found to contain high TPC.
Phytochemical investigations confirmed the presence of
phenol, flavonoid, glycosides triterpenoid and sterols in
the EASI fraction. Further, the fraction was subjected to
various analytical techniques such as HPTLC, HPLC and
LC-MS to identify the compounds responsible for their AR
inhibitory activity. HPTLC-analysis of EASI revealed three
component spots with the retention factor (R ) values ranging
from 0.24 to 0.65 [Figure 5]. The HPLC chromatograms
of the mixture of polyphenolic compounds (GA and
ellagic acid) and EASI are shown in [Figure 6a and b]
respectively. HPLC analysis exhibited presence of GA
(R, 1.9) by comparing with the retention time of the
reference compound. To characterize the bioactive
components responsible for inhibition of AR LC-MS
profile of EASI was undertaken. Anthocyanidin pigments;
pelargonidin-3, 5-diglucoside and cyanidin-3,5-diglucoside
and -sitosterol in EASI were identified and separated
from its respective mixture by LC-MS and the analysis of
the fragmentation pattern allowed us to corroborate the
structure [Table 4 and Figure 7].

DISCUSSION

Cataract formation is a multifunctional process, and the
majority of studies have indicated that hyperglycemia
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and duration of diabetes pose major risk factors for the
development of the same.® Alteration of polyol pathway,
nonenzymatic glycation and oxidative stress pathways
are implicated in the pathogenesis of development of
cataract.””) Hyperglycemia increases the production of
reactive oxygen species leading to severe oxidative stress.
Alterations in the levels of antioxidant enzymes are
associated with an increase in the reactive radicals resulting
into detrimental effects like loss of cell membrane integrity
and its function.”

The crude methanolic extract of SI and its different
fractions were employed in the current study for AR
inhibitory activity. Among them, EASI exhibited
significant inhibition of AR enzyme, followed by
methanol extract. The butanol fraction was found to
possess the least inhibitory potential. It was further
observed that petroleum ether and water fraction were
devoid of any inhibitory activity towards AR. EASI
inhibited AR enzyme using xylose as a substrate with
IC,,=4.69 pg/ml which was comparable to standard drug
quercetin (IC, =4.61 ug/ml). This fraction was further
subjected to 7z vitro and vive screening for hyperglycemia
induced cataract.

In vitro lens organ culture is well-known model for
hyperglycemia induced cataract.’” The bioactive fraction
was further subjected to 7 vitro cataract model wherein goat
lenses were incubated with 55 mM glucose, which resulted
in the loss of transparency (opacification) after 72 h. In this
study, the levels of SOD, catalase and reduced glutathione
were found to be reduced in the lens of high glucose group
as compared to the lens of normal control. The lenses
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treated with EAST (1 mg/ml) were able to effectively reduce
the protein aggregation and further exhibited an increase
in the SOD, catalase and reduced glutathione levels after
72 h of treatment. GSH is a vital antioxidant in the goat
lens which maintains the protein content in reduced form.

The oxidation of sulfhydryl component is one of the
deleterious effects, which results in the formation of
disulfide cross linkage and protein precipitation, followed
by lens opacification.” It was also observed visually
that while the Group II lenses showed opacification in
72 h, no such effect was seen in the EASI treated lenses,
demonstrating its capacity to prevent cataract formation.

To confirm the activity of EASI against cataractogenesis
it was subjected to STZ induced diabetic cataract
model. The onset of cataract in STZ induced diabetic
animals were observed between 4 and 5 weeks and
the development of the mature cataract by 8 weeks
in diabetic control group [Figure 4]. At the end of
8 weeks, treatment with EASI delayed the progression of
cataract formation in diabetic rats in a dose-dependent
manner [Figure 3]. A significant increase in the AR
activity in the eye lens was observed in diabetic rats while
treatment with EASI showed significant dose-dependent
decrease of AR activity. Over the course of the

3-
-e- Normal Control

B -& Diabetic Contfrol
g 2 -+ EASI 200 mg/kg
g -* EASI 400mg/kg
S
9 4
§1
»

0

6 1 2 3 4 5 6 7 8 9

Duration (Weeks)

Figure 4: The effect of ethyl acetate fraction of Saraca indica fraction
on streptozotocin-induced diabetic cataract. Representation of cataract
progression in each group with the duration of diabetes in weeks. Stage
of cataract in each group was averaged at a given time and the average
stage of cataract was plotted as a function of time

VWD1 A, Wavelength=254 nm (GAURESHIGALLIC_ELLAGIC ACID_254.0)
mau Gallicacia Elegic acid Vo

Gallic acid

EEEER

75 10

Figure 6: High performance liquid chromatography chromatogram
for reference standard gallic acid (GA) and ellagic acid (a) and ethyl
acetate fraction of Saraca indica (EASI) fraction (b). Both peaks have
similar retention time of about 1.9 min indicating that EASI fraction
sample contains GA as the active phytoconstituent
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experimental period, the eyes of animals appeared to be
normal and free of opacities in both the EASI fraction
treated group. Blood glucose levels were monitored
to understand whether EASI ameliorated cataract
progression by reducing STZ induced hyperglycemia.
Although, blood glucose levels were decreased to a
marginal level after EASI treatment, delay of cataract
progression in diabetic rats were not due to glucose
lowering capacity of EASI, but could be attributed to its
potential to modulate other pathways associated with the
development of diabetic cataract. Therefore, extensive
studies are required to identify and evaluate EASI for
its therapeutic value to prevent the onset and/or delay
progression of diabetic cataract.

1 2 3 4 S

Figure 5: High-performance thin-layer chromatography (HPTLC)
fingerprint of ethyl acetate fraction of Saraca indica (EASI) fraction
(image at 580 nm, after derivatization). HPTLC finger print of
EASI showed presence of gallic acid (GA) at Rf = 4.1, EASI of the
individual samples (2 mg/ml) was spotted onto the activated thin-layer
chromatography plate. Toluene: Ethyl acetate: Formic acid 5:4:1 (v/v/v)
as solvent system. Ferric chloride was used as derivatizing agent.
(The track number 1-EASI 5 pl, 2-EASI 10 pl, 3-EASI 20 pl, 4-GA 5 pl,
5-GA 10 pl)

Mass spectra for f sitosterol

Figure 7: Mass spectral data of the different phytoconstituents present
in the ethyl acetate fraction of Saraca indica (Tentative identification)
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Table 4: Retention time and the mass spectral
data of the different phytoconstituents present
in the EASI

Peak RT (min)

Molecular ion Tentative identification

[M-H] (m/z)
A 1.56 594.37 Pelargonidin-3, 5-diglucoside
B 1.91 611 Cyanidin-3, 5-diglucoside
C 2.95 330.49 B sitosterol
RT: Retention time, EASI: ???w

An acute toxicity study of EASI was carried out and it
was observed that the animals did not exhibit any signs
of adverse effect up to the dose level of 2000 mg/kg
body weight. There were no signs of tremors, salivation,
diarrhea, sleep, coma, death or any unusual behaviors. The
LD, of EASI fraction was found to be >2000 mg/kg body
weight and hence EASI fraction was found to be safe for
administration.

In phytochemical investigation, the presence of phenol,
flavonoid, glycoside, triterpenoid and sterols were
confirmed in EASI fraction. It has been reported that
plants that are rich in polyphenols have ability to inhibit
AR activity.’"! EASI was subjected to quantitative
phytochemical analysis for TPC. The study revealed that
the EASI fraction was rich in phenolic content. Thus, AR
inhibitory activity of EASI would be due to the presence
of phenols.P™ Further, the fraction was subjected to various
analytical techniques such as HPTLC, HPLC and LC-MS
to identify the compound responsible for the activity.
The HPTLC chromatogram indicated the presence of at
least three compounds in EASI. HPLC analysis exhibited
the presence of GA as the major phenolic component.
LC-MS study, revealed the presence of anthocyanidin;
pelargonidin-3, 5-diglucoside and cyanidin-3, 5-diglucoside
and PB-sitosterol (tentative identification).

In our study, the EASI fraction containing a mixture
of phenolic compounds viz., GA; B-sitosterol and
anthocyanidin; pelargonidin-3, 5-diglucoside and
cyanidin-3, 5-diglucoside showed significant inhibition of
in vitro AR, lens opacification in goat lens and also delayed
progression of cataract in diabetic rats.”” The activity
could be attributed to the presence of above mentioned
individual compounds or due to their synergistic activity
in the extract.

CONCLUSION

Ethyl acetate fraction of §. 7ndica has the ability to inhibit
AR in vitro and in vivo and help in delaying the progression
of diabetic cataract. Further mechanistic studies of EASI

Pharmacognosy Magazine | January-March 2015 | Vol 11 | Issue 41

are required to establish it as a prospective pharmacological
candidate against diabetic complications especially cataract.
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