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Abstract Cataract is one of the primitive secondary complica-
tions of diabetes mellitus and contributes to 50% blindness
worldwide. Aldose reductase (AR) is the first and rate limiting
enzyme in the intracellular polyol pathway responsible for the
development of cataract. Thus, there is an imperative need for
modest, non-surgical way in order to treat cataract. In Ayurveda,
Punica granatum (Pomegranate) is considered as Ba pharmacy
unto itself^. Pomegranate leaves are traditionally used for their
anti-diabetic activity. In this study, we investigated AR inhibito-
ry activity and anti-cataract potential of Pomegranate leaves in
glucose - induced cataract in goat lens. AR inhibitory activity
was evaluated in vitro in goat lenses. In glucose induced cataract
model, goat lenses were incubated in artificial aqueous humor
containing 55 mM glucose along with methanolic extract of
Punica granatum leaves (MPGL) or quercetin for 72 h. After
72 h, photographic evaluation of the lens was carried out and the
lens antioxidant parameters were determined. Different concen-
trations ofMPGLwere found to inhibit lens AR activity with an
IC50 value of 83.55 ± 3.92 μg/ml. Quercetin was taken as
positive control which exhibited 56.461% AR inhibition at a
concentration of 500 μg/ml. Cataractous lenses exhibited
marked opacity and decrease in the levels of reduced glutathione

and superoxide dismutase. Treatment withMPGL and quercetin
prevented the opacity and restored back the antioxidant activity.
Together, Punica granatum leaves ameliorated glucose-induced
cataractogenesis via AR inhibition, reduction in oxidative stress
and improvement in antioxidant defense system.
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Introduction

Cataract is visual impairment caused due to significant opacity
of the eye lens (Kumar et al. 2011) and is one of the principal
causes of blindness worldwide (Kurmi et al. 2014). In
Ayurveda, cataract is known as linganasha (Dhiman et al.
2010). It is a multifactorial disease which occurs primly due
to accumulation of large protein aggregates in the lens. Under
normal conditions lens transparency is maintained due to the
lens Na+- K+- ATPase activity. In cataractous conditions, de-
terioration of this activity leads to accumulation of Na+ and
loss of K+ which is further accompanied by hydration and
swelling of the lens fibers eventually causing cataract
(Kumar et al. 2011). Moreover, formation of advanced
glycation end products further aggravates the development
of cataract as glycation of sugars and their binding with amino
groups on proteins leads to disruption of biological properties
of proteins (Kurmi et al. 2014). High level of glucose is one of
the foremost reasons leading to the development of cataract
(Kumar et al. 2011) making it one of the earliest secondary
diabetic complications (Stefek 2011).

Aldose reductase (AR) is a member of the aldo-keto reduc-
tase super family. It is the initial and rate-limiting enzyme
(Saraswat et al. 2008) in the intracellular polyol pathway
and hence, responsible for the development of this diabetic
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complication (Bhadada et al. 2016). The polyol pathway typ-
ically exhibits a negligible course of glucose usage and eluci-
dates <3% of glucose utilization. On the other hand, the ac-
tivity of polyol pathway escalates 10 folds in the presence of
high glucose and can show up to 30% of entire glucose utili-
zation (Saraswat et al. 2008). In a diabetic state, AR raises the
polyol pathway activity (Kumar et al. 2014) by reducing ex-
cess D-glucose into D-sorbitol with complementary conver-
sion of NADPH into NADP+. Thus, aberrant activation of
polyol pathway in the face of diabetes advances to an aggre-
gation of polyol (sorbitol) in lens fibers causing influx of
water followed by generation of osmotic as well as oxidative
stress (Saraswat et al. 2008) which eventually leads to sugar
cataracts (Kumar et al. 2014).

Aldose reductase has a pivotal role not only in the devel-
opment of cataract in the lens but also in the inception of
diabetes induced complications such as diabetic nephropathy,
diabetic retinopathy and diabetic neuropathy (Bhadada et al.
2016). Progression of cataract is followed by a decrease in the
activities of antioxidant enzymes such as reduced glutathione
(GSH), catalase (CAT), superoxide dismutase (SOD), gluta-
thione peroxidase (GPx) which are protective in nature
(Kurmi et al. 2014) along with an increase in the level of lipid
peroxidation products (LPO) (Shabeer et al. 2011).

Considerable documentations have affirmed that cataract
advancement can be impeded or blocked by exploiting plants
which have high total flavonoid content and have shown ex-
tensive hypoglycemic and in vivo AR inhibitory activity
(Kumar et al. 2014; Goodarzi et al. 2006; Lim et al. 2001). In
recent times, plants such asHouttuynia cordata Thunb (Kumar
et al. 2014), Cinnamomum cassia (Lee 2002), Zingiber
officinale (Kumar et al. 2011), Asparagus Racemosus (Shah
et al. 2013), Nigella sativa (Shabeer et al. 2011), Achyranthes
aspera Linn. (Umamaheshwari et al. 2012), Tamarindus
indica Linn (Merugu et al. 2012) have been noted for their
AR inhibitory activity as well as their anti-cataract potential.

Punica granatum (Pomegranate) is a species of its genus
and is native to Iran (Middha et al. 2013). In Ayurveda, it is
treated as Ba pharmacy unto itself^. Since ancient times
Punica granatum has been traditionally used in diverse coun-
tries. In Turkey, the ashes of the fruit peel were used to coun-
teract skin infection; in Iran Punica granatum flowers have
been employed as an astringent, hemostatic and antibacterial;
in Chinese medicine these flowers have been exploited for the
treatment of injuries from falls and grey hair (Garachh et al.
2012). Furthermore, Punica granatum flower extract has
demonstrated anti-diabetic action by activation of peroxisome
proliferator-activated receptor (PPAR) – gamma (Huang et al.
2005). In India Punica granatum root, bark, flowers, fruit and
leaves are used in traditional ayurvedic therapy and medicinal
applications (Ganguly 2017).

Extensive class of phytoconstituents reported in Punica
granatum leaves are ellagitannins (punicalin and punicafolin)

(Garachh et al. 2012); flavonols such as luteolin and apigenin
(Sharma and Maity 2010); sterols, saponins, flavanoids, tan-
nins, flavones and glycosides (Sreekumar et al. 2014) whereas
the major compounds stated to be present are brevifolin,
brevifolin carboxylic acid, ethyl brevifolincarboxylate,
corilagin, ellagic acid, gallic acid, punicalagin, punicafolin,
punicalin, apigenin, luteolin (Wang et al. 2010), strictinin
and tercatain (Sharma and Maity 2010). Pharmacological ac-
tivity of this part of the plant includes antibacterial (Sharma
and Maity 2010), antihyperlipidemic (Miguel et al. 2010),
antioxidant (Amjad and Shafighi 2012), anti-obesity
(Adnyana et al. 2014), hypolipidemic, antidiabetic (Salwe
et al. 2015), anti-inflammatory and analgesic activity (Bagri
et al. 2010).

It is probable that drugs with anti-cataract potential have
antioxidant action (Woolard et al. 1990). Based on preceding
studies, it is ascertained that Punica granatum leaves exert
anti-diabetic effects by augmenting the levels of antioxidant
enzymes thus indicating its antioxidant potential (Salwe et al.
2015; Das and Barman 2012). In addition to this, Pomegranate
extracts and their active components have been demonstrated
to possess great medical potential for the treatment of type 2
diabetes and its pathological concerns (Banihani et al. 2013).
Previous studies have exhibited AR inhibitory activity and
antioxidant capacity of Punica granatum seed (Karasu et al.
2012) and peel (Hui et al. 2008). Furthermore, studies have
implied that polyphenols and vitamins which have antioxidant
properties might be effective in countering damage caused by
cataract (Sharma and Maity 2010).

However there is no scientific data available establishing
the AR inhibitory activity and anti-cataract potential of
Pomegranate leaves. Therefore, present study was undertaken
to evaluate the protective effects of Punica granatum leaves in
inhibiting in vitro cataractogenesis in experimental isolated
goat eye lens model by studying its AR inhibitory activity.

Material and methods

Plant material

Punica granatum leaves were collected from Nashik,
Maharashtra, India in the month of January, 2014. The plant
was identified and authenticated by Dr. Ganesh Iyer, Botany
Department, Ruia College, Mumbai, Maharashtra, India. A
voucher specimen (No. 2014/01) of the plant has been depos-
ited in the Department of Pharmacology, Institute of Chemical
Technology, Mumbai, Maharashtra, India.

Preparation of extract

Punica granatum leaves were washed with water, shade dried
and made into a homogenous coarse powder. Dried powdered
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material (100 g) was initially defatted using 1 L petroleum
ether by soxhletion followed by extraction with 1 L methanol
until the whole powdered material was completely exhausted.
The resulting extract was concentrated under reduced pressure
to obtain a dark crude residue (yield: 50.707% w/w) and
stored in an airtight container for subsequent use.

Preliminary phytochemical screening

Preliminary phytochemical screening of methanolic extract of
Punica granatum leaves (MPGL) was carried out following
the standard procedure of (Wagner and Bladt 1996).
MPGL was screened for the presence of steroids, glycosides,
flavonoids and tannins. Total phenolic compounds in the ex-
tract were estimated by Folin-Ciocalteu method using gallic
acid as standard and expressed as mg/g of gallic acid equiva-
lents (GAE). Total flavonoid content of the extract was mea-
sured as mg/g of rutin equivalents using aluminium chloride
colorimetric method (Mannan et al. 2013).

Isolation of aldose reductase

Isolation of crude AR enzyme was undertaken in accordance
to the method published by Lee (2002) with slight modifica-
tions (Lee 2002). Fresh goat eyes were collected from

slaughter house at Govandi, Mumbai. Non-cataractous trans-
parent lenses were isolated by extracapsular extraction and
10% w/v homogenate was prepared in 0.1 M phosphate buffer
(pH 7.0). The homogenate was centrifuged at 5000 xg for
30 min at 4 °C to obtain the supernatant. After centrifugation,
the resulting supernatant was collected and retained as an en-
zyme preparation.

Assay of aldose reductase activity

AR activity was assayed as per the method described by
Dongare V. et al. (Dongare et al. 2012). Aldose reductase
reduces excess D-glucose into D-sorbitol with concomitant
conversion of NADPH into NADP+. Formation of NADP is
recorded at 340 nm for 3 min (Kumar et al. 2014). MPGLwas
dissolved in phosphate buffered saline (PBS). A sample cu-
vette containing freshly prepared lens homogenate, varying
concentrations of MPGL (10–1000 μg/ml), 0.1 M phosphate
buffer (pH 7.0), 0.03 mM NADPH was read against a refer-
ence cuvette containing all components except the substrate.
The enzymatic reaction was initiated after the addition of
0.04 mM D-xylose (substrate). The decrease in absorbance
was measured at 340 nm for 3 min. Percent inhibition of AR
activity was calculated as follows with reference to the activity
of normal lens as 100%.

%Inhibition ¼ Absorbance of control−Absorbance of sampleð Þ=Absorbance of control½ � X 100

Collection of eye balls

Fresh goat eye balls were collected from slaughter house of
Govandi, Mumbai. These eye balls were immediately
transported to laboratory at 0–4 °C.

Preparation of lens culture

The lenses were removed by extracapsular extraction and in-
cubated in artificial aqueous humor (pH 7.8) at room temper-
ature for four to six hours. The artificial aqueous humor
consisted of NaCl – 140 mM, KCl – 5 mM, MgCl2–2 mM,
NaHCO3–0.5 mM, NaH2PO4.2H2O – 0.5 mM, CaCl2–
0.4 mM and glucose – 5.5 mM. Penicillin 32 mg% and strep-
tomycin 250 mg% were added to the incubated media to pre-
vent bacterial contamination (Kumar et al. 2011).

Drug concentration and groups

Damaged lenses were discarded and intact lenses were divid-
ed into following groups (n = 4 in each group):

Group I: Normal control [Glucose content 5.5 mM]

Group II: Negative control [Glucose content 55 mM]
Group III: Positive control [Glucose content 55 mM +

Quercetin (500 μg/ml)]
Group IV: Glucose content 55 mM + MPGL (250 μg/ml)
Group V: Glucose content 55 mM + MPGL (500 μg/ml)
Group VI: Glucose content 55 mM + MPGL (1000 μg/ml)

Induction of in vitro cataract

Glucose in a concentration of 55 mM was used to induce
cataract. The goat lenses were incubated with glucose
5.5 mM, 55 mM, different concentrations of MPGL and quer-
cetin respectively at 37 °C, pH 7.8 for 72 h.

Photographic evaluation and homogenate preparation

After 72 h of incubation, the lenses were removed from re-
spective media and washed with normal buffer. The lenses
which were washed were then kept on graph papers with
posterior surface touching the graph paper and the number
of squares clearly visible through the lens were counted to
measure the opacity of the lens (Dongare et al. 2012). Then
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they were homogenized in Tris buffer (0.23 M; pH 7.8) con-
taining 0.25 × 10−3 M ethylenediaminetetraacetic acid to ob-
tain a 10% w/v homogenate. The homogenate was further
centrifuged at 10000 g at 4 °C for 15 min and the supernatant
was separated (Kumar et al. 2011). The supernatant was used
for the analysis of biochemical parameters such as reduced
glutathione, superoxide dismutase and lipid peroxidation.

Biochemical estimation

5–5-dithiobis (2-nitrobenzoic acid) (DTNB) reagent was used
to estimate reduced glutathione (GSH) level in lens homoge-
nate. 10 μl of lens homogenate was incubated with 200 μl of
DTNB reagent in a 96 well plate for 15 min at room temper-
ature. The absorbance was measured at 412 nm using micro
plate reader (epoch, synergy). The amount of GSH in the
sample was calculated in microgram per ml from a standard
curve obtained and represented in GSH per total protein.

Evaluation of lens homogenate for superoxide dismutase
(SOD) activity was carried out following the method pub-
lished by Nishi et al. (Nishi and Kumar 2013). The assay
mixture consisted of 180 μl of phosphate buffer (pH 7.4),
10 μl of pyrogallol (2.6 mM in 10 mMHCl) and 10 μl of lens
homogenate in a total volume of 200 μl. SOD activity was
measured at 325 nm inmicroplate reader (epoch, synergy) and
expressed as Units per 100 g protein. One Unit of enzyme
represents the enzyme activity that inhibits auto-oxidation of
pyrogallol by 50%.

Formation of Thiobarbituric acid reactive substances
(TBARS) as a product of Lipid peroxidation was estimated
in the lens. 0.2 ml of 10% lens homogenate (0.1 M phosphate
buffer, pH 7.4) was treated with 0.2 ml of sodium dodecyl
sulfate (SDS), 1.5 ml acetic acid (20%, pH 3.5) and 1.5 ml
of 0.8% TBA. The above reaction mixture was made up to
4 ml with distilled water, placed in boiling water bath for
60 min and cooled under tap water. 4 ml of butanol:pyridine
(15:1 v/v) was added to above mixture, mixed vigorously and
centrifuged at room temperature for 10 min. 200 μl of clear
supernatant was collected and measured against reference
blank at 532 nm in a 96 microplate reader (epoch, synergy).
The TBARS content was calculated and expressed as nmol
malondialdehyde (MDA) formed per 100 g protein (Halliwell
and Chirico 1993).

Results

Preliminary phytochemical screening

The preliminary phytochemical screening indicated the pres-
ence of phytoconstituents such as steroids, glycosides, sapo-
nins, flavonoids, tannins, carbohydrates. The total phenolic
content was found to be 328.75 ± 0.625 mg of gallic acid/g

of extract whereas the total flavonoid content was found to be
126.667 ± 6.5 mg of rutin/g of extract respectively.

Aldose reductase inhibitory activity

Different concentrations of MPGL were found to inhibit lens
AR to various extent with IC50 value of 83.55 ± 3.92 μg/ml
(Fig. 1). It is evident from the figure that MPGL at the con-
centration of 1000 μg/ml possessed maximum AR inhibitory
activity. At a concentration of 1000 μg/ml, MPGL showed
AR inhibition of 94.218%. Quercetin, which is well known
for its AR inhibition, was used as a positive control which
showed 56.461% AR inhibition at a concentration of
500 μg/ml.

Photographic evaluation

Incubation of lenses with 55 mM glucose showed
opacification starting post 24 h at the periphery which pro-
gressively increased towards the centre with complete
opacification at the end of 72 h as compared to lenses incu-
bated in 5.5 mMglucose. Lenses incubated in 5.5 mMglucose
were transparent post 72 h as evident by the number of squares
clearly visible through the lenses (Table 1). Treatment with
MPGL significantly reduced the onset and extent of cataract
formation. Lenses incubated with 55 mM glucose along with
quercetin (500 μg/ml) showcased more transparency as com-
pared to the cataractous lenses in the negative control group
(Fig. 2).
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Fig. 1 The effect of MPGL and quercetin on aldose reductase activity.
Different concentrations of MPGL were incubated with 0.1 M phosphate
buffer (pH 7.0), 0.03 mM NADPH 0.04 mM D-xylose. The decrease in
absorbance was measured at 340 nm for 3 min. Values are expressed as
Mean ± SEM (n = 3). SEM, standard error of mean. MPGL: methanolic
extract of Punica granatum leaves
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Effect of MPGL on lens antioxidants

Incubation with glucose 55 mM for 72 h produced a signifi-
cant decrease in the levels of reduced glutathione and super-
oxide dismutase and increase in the malondialdehyde (MDA)
levels in the lenses respectively as compared to the normal
control group. Incubation with different concentrations of
MPGL simultaneously with glucose 55 mM restored the
levels of both reduced glutathione and superoxide dismutase
and decreased the MDA levels in lenses. Quercetin, main-
tained as standard, also significantly increased the reduced
glutathione and superoxide dismutase activity and decreased
MDA levels (Fig. 3).

Discussion

Diabetes has been the foremost origin of blindness. Diabetic
retinopathy and cataracts are well known causes of

blindness in diabetics. Opacification of lens in cataract has
been known to be responsible for the genesis of around 50%
blindness and visual impairment worldwide (Kumar et al.
2014).

In diabetic patients, cataracts advance at an early age, gen-
erally constraining surgical intervention (Skarbez et al. 2010).
Activation of polyol pathway due to increased activity of AR,
a lens enzyme has been implicated in the formation of cataract
(Kumar et al. 2011).Moreover, this enzyme has been involved
in the pathogenesis of diabetic complications such as nephrop-
athy, neuropathy, retinopathy including cataractogenesis
(Brownlee 2005). Growing evidence indicates that cataract
advancement can be slowed down by using natural therapies,
especially plants with high total flavonoid content and AR
inhibitory activity (Kumar et al. 2014).

Literature has shown herbal drugs such as Ocimum
sanctum, Emblica officinalis, Ginkgo biloba and green tea
to impede the inception and progression of cataract ad-
vancement due to their antioxidant potential (Gupta et al.
2010). In spite of the availability of clinically tested AR
inhibitors such as tolrestat, epalrestat and sorbinil, there is
an increased concern lately to identify natural sources for
their curative properties, chiefly because of the application
of plants in traditional medicine, diet and also since major-
ity of the plants are devoid of adverse effects (Akileshwari
et al. 2012).

Punica granatum L. shrub, the leaves of which are rich in
polyphenolic compounds including tannins and flavonoids
(Al-Muammar and Khan 2012) has aroused great interest
due to its anti-diabetic and antioxidant potential which could
be considered as a lead to further study the effect of this part of
the plant on cataractogenesis (Patel et al. 2014). Taking this
into account, in our present study we have investigated the
anti-cataract effect of Punica granatum considering the inhi-
bition of AR enzyme in the polyol pathway.

Fig. 2 The effect of MPGL and
quercetin on opacity of lens. (a)
Lens incubated in glucose
5.5 mM (Normal Control); (b)
Lens incubated in glucose 55 mM
(Negative Control); (c) Lens
incubated in glucose (55mM) and
MPGL 250 μg/ml; (d) Lens
incubated in glucose (55mM) and
MPGL 500 μg/ml; (e) Lens
incubated in glucose (55mM) and
MPGL 1000 μg/ml; (f) Lens
incubated in glucose (55mM) and
Quercetin 500 μg/ml (Positive
Control). MPGL: methanolic
extract of Punica granatum
leaves

Table 1 The effect of MPGL and quercetin on opacity of lens

Groups No. of squares (Mean ± SEM)

Control 36.25 ± 1.109

Negative Control 00.00 ± 00.00###

250 μg/ml MPGL 11.50 ± 2.327***

500 μg/ml MPGL 15.25 ± 0.479***

1000 μg/ml MPGL 24.00 ± 0.913***

Quercetin (Positive Control) 23.00 ± 0.913***

***Treatment group was compared with negative control, p < 0.001; ###
Negative control group was compared with normal control, p < 0.001,
using one-way ANOVAwith Dunnett’s test (n = 4)

MPGL: Methanolic extract of Punica granatum leaves

ANOVA: Analysis of variance
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Quercitin was used as a positive control in our study as it
is a potent AR inhibitor for sorbitol accumulation in polyol
pathway and particularly is considered as therapeutic prom-
ise for treatment of diabetic retinopathy and cataract
(Goodarzi et al. 2006). MPGL exhibited in-vitro AR inhibi-
tion in dose-dependent manner and IC50 was found to be
83.55 ± 3.92 μg/ml. The results of our study suggested the
potent AR inhibitory activity of MPGL which may be at-
tributed to the presence of high flavonoid contents. Since
Punica granatum demonstrated satisfactory inhibitory ac-
tivity against AR, it was concluded that it could be possibly
used to treat diabetic cataract in the initial phase.

Incubation of goat lens in media containing high glucose
(55 mM) showcased progression of opacity which might be
due to aggregation of Na+ and loss of K+ accompanied with
hydration and swelling of lens fibers accelerating cataract for-
mation (Kumar et al. 2011). This was quite evident from the
drastic reduction in the number of squares observed through
the lenses. It is extensively established that oxidative stress is a
major aspect in the development of cataract induced by glu-
cose (Kumar et al. 2011; Akileshwari et al. 2012). The nega-
tive control group in which goat lens were incubated in
55 mM glucose, demonstrated a significant decrease in the
levels of antioxidant enzymes – reduced glutathione and su-
peroxide dismutase and increased levels of MDA which is a
significant indicator of free radical – induced lipid

peroxidation (Al-Muammar and Khan 2012), thus implicating
oxidative stress in the cells. When goat lens were incubated in
high glucose content aqueous humor at 37 °C for 72 h in
presence of MPGL, the extract prevented the formation of
cataract in a dose dependent manner.

GSH acts as the major antioxidant in the lens and treat-
ment with MPGL was found to restore significant level of
GSH as compared to the negative control group (Gupta
et al. 2010). SOD, a chain-breaking antioxidant converts
superoxide to H2O2 (Shah et al. 2013). Altered activity of
antioxidant enzyme SOD suggested an increased oxida-
tive stress in diabetic cataract lens. However, MPGL
prevented alterations in SOD. A significant reduction in
MDA levels by MPGL distinctly demonstrated the lens
protection against lipid peroxidation.

The present study revealed that Punica granatum de-
creased the oxidative stress and positively balanced the level
of antioxidant enzyme levels such as GSH and SOD. These
effects might be attributed to the presence of high amount of
flavonoids in the extract since flavonoids are known as mul-
tifunctional agents and literature has reported their antioxi-
dant, AR inhibitory and advanced glycation end-products in-
hibitory properties (Stefek 2011; Cheng et al. 2013).

Thus, MPGL prevented cataract formation due to inhibi-
tion of AR enzyme. This also suggested that MPGL could be
promising therapeutics in diabetes induced retinopathy.
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Fig. 3 The effect of MPGL and
quercetin on lens antioxidants. (a)
Reduced glutathione in lens
homogenate of normal control,
negative control, MPGL treated
groups and positive control
(Quercetin) (b) Superoxide dis-
mutase in lens homogenate of
normal control, negative control,
MPGL treated groups and posi-
tive control (Quercetin) (c) MDA
levels in lens homogenate of nor-
mal control, negative control,
MPGL treated groups and posi-
tive control (Quercetin). MDA:
Malondialdehyde. MPGL: meth-
anolic extract ofPunica granatum
leaves. *** Treatment group was
compared with negative control,
p < 0.001; ### Negative control
group was compared with normal
control group, p < 0.001, using
one-way ANOVAwith Dunnett’s
test. Values are expressed as
mean ± SEM (n = 4). SEM, stan-
dard error of the mean. ANOVA:
Analysis of variance
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Conclusions

These findings indicated that MPGL exhibited significant in-
hibitory effect on AR enzyme which may be attributed to the
presence of high phenolic and flavonoid content. Further, the
extract also showcased its potential as a promising source in
the treatment of cataract. Our data suggested that the extract
might be helpful in delaying the development of cataract due
to the presence of varied constituents in it. This beneficial
effect may be due to its significant inhibition of AR enzyme
in combination with its anti-oxidant activities. These results
suggest that Punica granatum could potentially provide a new
natural treatment for diabetic complications and might hold a
promise to treat diabetic cataract.
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