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Emblica officinalisand itsenriched tannoids delay streptozotocin-
induced diabetic cataract in rats

P. Suryanarayana,' Megha Saraswat,! J. Mark Petrash,? G. Bhanuprakash Reddy*

'Biochemistry Division, National Institute of Nutrition, Hyderabad, India; 2Department of Ophthalmology and Visual Sciences,
Washington University, . Louis, MO

Purpose: Aldose reductase (AR) has been a drug target because of its involvement in the development of secondary
complications of diabetes including cataract. We have previously reported that the aqueous &ttaitaodfficinalis

and its constituent tannoids inhibit AR in vitro and prevent hyperglycemia-induced lens opacification in organ culture.
The purpose of the current study was to investigate the effect of Emblica and its enriched tannoids on streptozotocin
(STZ)-induced diabetic cataract in rats.

Methods: Diabetes was induced in Wistar-NIN rats by STZ (35 mg/kg body weight, intraperitoneally) and the animals
were divided into three groups (Group I, lll, and IV). The control rats (Group I) received only vehicle. While Group | and
Group Il animals received AIN-93 diet, rats in Groups Ill and IV received 0.2% of standardized mixture of Emblica
tannoids and 2% of Emblica pericarp, respectively, in an AIN-93 diet for a period of eight weeks. Cataract progression due
to hyperglycemia was monitored by slit-lamp biomicroscope and classified into four stages. At the end of the eight weeks,
the animals were sacrificed and markers of the polyol pathway, oxidative stress, and alterations in protein content and
crystallin profile in the lens were measured. Blood glucose and insulin levels were also determined.

Results: Both Emblica and its tannoids did not prevent STZ-induced hyperglycemia as assessed by blood glucose and
insulin levels. However, slit lamp microscope observations indicated that these supplements delayed cataract progression.
The present studies suggest that Emblica and its tannoids supplementation inhibited AR activity as well as sorbitol forma-
tion in the lens. The results also point out that Emblica and its tannoids might counter the polyol pathway-induced oxida-
tive stress as there was a reversal of changes with respect to lipid peroxidation, protein carbonyl content, and activities of
antioxidant enzymes. Emblica also prevented aggregation and insolubilization of lens proteins caused by hyperglycemia.
Conclusions: The results provide evidence that Emblica and an enriched fraction of Emblica tannoids are effective in
delaying development of diabetic cataract in rats.

Diabetes mellitus is a heterogeneous metabolic disorder A number of studies with experimental animals suggest
characterized by high levels of blood glucose. Prolonged exhat the compounds that inhibit AR could be effective in the
posure to uncontrolled chronic hyperglycemia in diabetes caprevention of certain diabetic complications [13-15]. To date,
lead to various complications in the eye including cataract ana@ number of AR inhibitors (ARI) such as tolrestat, epalrestat,
retinopathy [1,2]. Cataract, characterized by cloudiness arenarestat, zopolrestat, and sorbinil have been found to im-
opacification of the eye lens, is the leading cause of blindneggove some diabetic complications in animal experiments and
all over the world. In view of the widespread prevalence ohave been developed to the point of clinical evaluation. None-
diabetes in developing countries like India [3-5], diabetic catatheless, clinical trials of ARI against neuropathy and retinopa-
ract may pose a major problem in the management of blindhy have met with limited success and some of the synthetic
ness. Although the pathogenesis of diabetic complications BRI were associated with deleterious side effects and poor
not known, many biochemical pathways associated with hypenetration of target tissues such as the nerve and retina [16,17].
perglycemia have been implicated [1]. Among these, the polyol  Therefore, in recent years, there is increased interest in
pathway has been extensively studied. Aldose reductase (AR)entifying natural sources of ARIs that can be tested for their
is the first and rate-limiting enzyme of the polyol pathwaytherapeutic value against diabetic complications [18-20]. In
[6]. Under euglycemic conditions, AR plays a minor role inthis context, we have been investigating the potential of spice/
glucose metabolism; however, during diabetes, its contribudietary sources which include Emblica to prevent diabetic cata-
tion is significantly enhanced [7,8] leading to a conversion ofact in animals [21-24Emblica officinalisGaertn., commonly
excess glucose to sorbitol in insulin independent tissues liknown asamla, is extensively used in many preparations of
the lens. AR dependent synthesis of excess polyols has begyurveda (one of the systems of Indian traditional medicine)
implicated as one of the mechanisms leading to diabetic arahd also against many chronic ailments including diabetes [25-
galactosemic cataracts [9-12]. 27]. We have previously reported that the aqueous extract of
Emblica inhibited AR and showed that the hydrolysable
Correspondence to: Geereddy Bhanuprakash Reddy, Ph.D., Natioi@hnoids present in Emblica are responsible for the inhibition
Institute of Nutrition, Hyderabad - 500 007, India; Phone: 91-40{22]. Furthermore, we also showed that tannoids of Emblica
27008921; FAX: 91-40-27019074; email: geereddy@yahoo.com prevented sugar-cataract in a lens organ culture system [22].
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These results imply that constituents of Emblica may be exnent for the Use of Animals in Ophthalmic and Vision Re-
plored as potential therapeutic agents against diabetic catsearch.
ract. In the present study, we evaluated the efficacy of whole Sit lamp examination and cataract classification: Eyes
Emblica pericarp and the enriched tannoid mixture for effecwere examined every week using a slit lamp biomicroscope
tiveness in prevention or delay in the onset and progression (fowa Portable, Japan) on dilated pupils. Initiation, progres-
cataracts in the streptozotocin (STZ)-induced diabetic ragion, and maturation of lenticular opacity was graded into five
model. stages as follows: stage 0 - clear lenses and no vacuoles present;
stage 1 - vacuoles cover approximately one-half of the sur-
METHODS face of the anterior pole forming a sub capsular cataract; stage
Materials: STZ, NADPH, NADH, 2-thiobarbituric acid 2 - some vacuoles have disappeared and the cortex exhibits a
(TBA), 1,1,3,3-tetraethoxy propane (TEP), DL-glyceralde-hazy opacity; stage 3 - a hazy cortex remains and dense nuclear
hyde, lithium sulfatef-mercaptoethanol, glutathione, glu- opacity is present; stage 4 - a mature cataract is observed as a
tathione reductase, BSA, 2,4-dinitrophenylhydrazine (DNPH)dense opacity in both cortex and nucleus [23].
and EDTAwere obtained from Sigma-Aldrich (St. Louis, MO). Blood, lens collection, and processing: Blood was col-
All other chemicals and solvents were of analytical grade ankécted once a week from the retroorbital plexus for glucose
were obtained from local companies. and insulin estimation. At the end of eight weeks, the animals
Preparation of Emblica pericarp powder: Fresh fruits of ~ were sacrificed by COasphyxiation and the lenses were dis-
Emblica were collected from September through October froreected by the posterior approach and stored atC8ntil
the local market. The pericarp of the fruit was freeze-driedfurther analysis. A 10% lens homogenate was prepared from
The dried material was powdered and used for the experimetiiree to five pooled lenses in a 50 mM phosphate buffer, pH
by mixing it with an AIN-93 diet. 7.4. All the biochemical parameters were analyzed in the
Standardized mixture of Emblica tannoids: Four  soluble fraction of the lens homogenate (15,000x g°&t)4
hydrolysable tannoids, emblicanin A, emblicanin B,except for lens malondialdehyde (MDA) and sorbitol, those
punigluconin, and pedunculagin have been isolated frorere determined in the total homogenate.
Emblica pericarp and their structures have been established Clinical parameters. Serum glucose and insulin were
[28]. We have obtained the enriched fractioreobfficinalis  measured by the glucose oxidase-peroxidase method with a
juice with the above tannoids as a standardized extract in ttemmercial kit (Ozone Biomedicals Pvt. Ltd., New Delhi,
powder form gratis from Indian Herbs Research & Supplyindia) and by an RIA kit (BRIT-DAE, Mumbai, India), re-
Company, Saharanpur, India. The relative proportions of difspectively.
ferent tannoids in the standardized extract are as follows
emblicanin A and B, 35-55%; punigluconin, 4-15%;

3.04
pedunculagin, 10-20%; rutin, 3%; and gallic acid, 1%. —+—Group |
Experimental design: Male, WNIN rats (two to three el
months old) with an average body weight of 2Bl g (ob- 1| ——Group v

tained from the National Center for Laboratory Animal Sci-
ences, National Institute of Nutrition, Hyderabad, India) were ;% 2.0
used in the study. Diabetes was induced in overnight-faste{
animals by a single intraperitoneal injection of STZ (35 mgfg 1
kg) in 0.1 M citrate buffer, pH 4.5. Another set of rats, which
received only vehicle, served as the control (Group I; n:8}§
Fasting blood glucose levels were measured 72 h after S1
injection. Animals having blood glucose levels >145 mg/dL
were considered diabetic and were divided into three groug
(Group I, Ill, and IV). Animals in these groups received ei-
ther only the AIN-93 diet (Group Il; n=13) or received the 90
AIN-93 diet containing 0.2% tannoids mixture (Group IIl; n=9)

or 2.0% of Emblica powder (Group IV; n=9). Emblica con-
tains 10-12% of tannoids and hence 0.2% tannoids corresponegure 1. Delay of diabetic cataract in rats by Emblica and its tannoid-
to approximately 2% Emblica. Animals were treated as deenriched fraction. Cataract formation was monitored weekly by slit-
scribed for a period of eight weeks and were housed in indiamp microscope and the stage of cataract was scored according to
vidual cages in a temperature- and humidity-controlled roorihe classification described in the Methodg sect_ion. Stages of cata-
with a 12 h light-dark cycle. Al animals had free access tgact in each group were averaged at the given time and the average

: . : tage of cataract was plotted as a function of time. Emblica (Group
water. Food intake (daily) and body weights (weekly) WerqSV) and its constituent tannoids (Group 1) delayed the maturation

monltqred during the e?(perlment. Animal care and p,rthCOIagf diabetic cataract due to slow progression compared to untreated
were in accordance with and approved by the Institutiongiapetic rats (Group I1). Lenses in control rats (Group I) were clear
Animal Ethics Committee and conformed to the ARVO Stateqyring the experimental period.
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Biochemical estimations. Lens MDA was measured as Cataract progression: The onset of cataract due to hy-
thiobarbituric acid reacting substances (TBARS) [29] and properglycemia was observed in diabetic animals after four weeks
tein carbonyl content was determined according to reporteaf STZ injection. The average incidence of cataract was cal-
methods [30]. The activities of AR [22] and sorbitol dehydro-culated and presented in Figure 1. Interestingly, there was a
genase (SDH) [31], superoxide dismutase (SOD) [32], gludelay in the onset of cataract in Group IV animals when com-
tathione peroxidase (GPx) [33], and glutathione S-transferagmred to Group Il. However, such a delay was not observed in
(GST) [34] were assayed according to the reported methodSroup Il animals. This observation indicates that the whole
Sorbitol levels in the lens were estimated by enzymatic methd@mblica was more effective than its tannoid fractions in de-
[35]. Total and soluble protein was analyzed by the Lowrnjaying the onset of cataract. At the end of eight weeks, the
method with bovine serum albumin as a standard. severity of cataracts was significantly lower in groups Il and

DS PAGE and size exclusion chromatography of lens IV than in Group I, indicating that the Emblica and its con-
proteins: Subunit profile and cross-linking of soluble pro- stituent tannoids delayed the maturation of diabetic cataract
teins were analyzed by SDS-PAGE under reducing conditionslue to slow progression. All the lenses in Group | during the
Crystallin distribution in the soluble protein fraction was evalu-experiment period appeared to be normal and free of opacities
ated by size exclusion chromatography according to previ-
ously reported methods [23].

Data analysis. One-way ANOVA was used for testing TaBLE 1. THE EFFECT OF EMBLICA AND TANNOIDS ON MARKERS OF
statistical significance between groups of data and individual THE POLYOL PATHWAY IN LENS

pair difference was tested by means of Duncan’s multiple-enzyne Goup | Group I Goup 111 Group IV
range test. Heterogeneity of variance was tested by the nog; 24961 04  30.98+1. 27 27 14+0. 16# 27 55+1. 60#
parametric Mann Whitney test. A p<0.05 was considered sigggH ‘ 3.59+2.07  3.57x1.00 3.35+1.02 3.12+1.09
nificant rbitol 0.24:0.02  5.7420.77*  3.63=0.47#  3.92:0.27#
Emblica (Group V) and tannoids (Group Ill) are partially effective
RESULTS & DISCUSSION against osmotic stress caused by hyperglycemia (Group II) with re-
Food intake and body weights: There was an increase in the spect to AR activity and sorbitol levels. Group I: Control rats. The

; ; ; ; data are the meaBD (n=4). AR activity was expressedanoles
food intake in all the diabetic groups (Il, 1ll, and IV) com- o : iy
groups ( ) NADPH oxidized/h/100 mg protein. SDH activity wasoles NADH

pared with the control group (data not shown). Despite th8xidized/h/100 mg protein. Sorbitol was expressadasles/qg lens.

increased food intake, the body weight of diabetic (Group II)I'he asterisk denotes that data are significantly different from Group

animals was decreased when compared with nondiabetic conng the sharp (hash mark) denotes that data are significantly differ-
trols (Group I). However, feeding of either tannoids or Emblicaent from Group I1.

to diabetic rats (Group Il and IV) did not normalize body
weights to a significant extent (data not shown).

6
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Figure 3. Protein carbonyl content in the soluble protein fraction of

Figure 2. Effect of Emblica and tannoids on lipid peroxidation in thdens. Protein carbonyl groups of soluble protein fraction of different
lens. Lipid peroxidation was assessed by estimation of TBARS igroups were assayed by reactivity to 2,4-DNPH as described in the
the total lens homogenate. TBARS levels, a measure of lipidlethods section. Protein carbonyl content, a measure of oxidative
peroxidation, increased in untreated diabetic (Group 1) comparedamage to proteins, increased in untreated diabetic (Group II) com-
with control (Group ). Emblica (Group IV) and its tannoids (Group pared with controls (Group 1). Emblica (Group 1V) and its tannoids
I1l) prevented the alterations in TBARS. Data are m&in (n=4).  (Group lll) prevented the alterations in protein carbonyls. Data are
The asterisk above the bar denotes that data are significantly differear-SD (n=4). The asterisk above the bar denotes that data are
ent from Group | and the sharp (hash mark) denotes that data aignificantly different from Group | and the sharp (hash mark) de-
significantly different from Group Il. notes that data are significantly different from Group II.
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(Figure 1) as were lenses from nondiabetic rats treated witemia-induced oxidative stress and there may be a metabolic
either Emblica or tannoids (data not shown). These data sugennection between the polyol pathway and oxidative stress
gest that progression of lens abnormalities and maturation §f2,39,40]. It was also reported that AR inhibitors reduce oxi-
cataracts due to STZ-induced hyperglycemia were significantigtative damage [12,40]. In the present study, we assessed oxi-
delayed with feeding of Emblica and its tannoids. The effectlative stress by measuring TBARS, protein carbonyls, and
was slightly more pronounced with Emblica treatment. some of the antioxidant enzymes in the lens. Increased TBARS
Blood glucoseand insulin: Blood glucose was measured levels in the untreated diabetic group (Group Il) compared to
weekly and insulin levels were measured at the end of theondiabetic controls (Group 1) indicate increased lipid
experiment to test whether Emblica and its tannoids had a deeroxidation in the lens due to hyperglycemia (Figure 2). Pro-
rect effect on STZ-induced hyperglycemia. As expected, blootéin carbonyl content, a measure of oxidative damage to pro-
glucose levels were elevated and insulin levels were decreaseihs, was also found to be increased in Group Il compared to
significantly in Group Il compared to Group | [23]. However, Group | suggesting enhanced protein oxidation under hyperg-
treatment with either Emblica or its tannoids did not reversé/cemic conditions (Figure 3). Interestingly, treatment with
the changes in blood glucose and insulin levels, indicating
that the Emblica and tannoids treatment had no effect on the
hyperglycemia (data not shown). HMW + o
Polyol pathway: While the specific activity of AR, a key
enzyme of the polyol pathway, was significantly higher in
Group Il than in Group I, SDH activity was not significantly Group IV
altered (Table 1). AR activity in lenses from animals treates
with Emblica and tannoids were intermediate to Groups | an
II, consistent with our previous observations on the in vitrc
inhibition of human recombinant and rat lens AR by Emblice
tannoids [22]. Further, there was an increase of sorbitol leve
in Group Il animals when compared to Group | (Table 1), whicl
was expected following activation of the polyol pathway in
diabetic lens. However, feeding of tannoids and Emblica re
sulted in a lower but incomplete normalization of diabetes
induced sorbitol accumulation (Table 1). Based on these r
sults, it appears that Emblica and tannoids are partially effe:
tive against osmotic stress caused by hyperglycemia. The
results are consistent with the hypothesis that the delay of di [ - ‘ : ' v
betic cataract by Emblica and its tannoids is related to inhib 0 5 10 15 20 25 30 35
tion of AR and of accumulation of sorbitol in the lens. More- Time (min)
over, partial inhibition of AR and sorbitol accumulation brought
about by Emblica and its tannoids is in agreement with a dé=igure 4. The distribution profile of crystallins in the soluble fraction
lay and not a complete prevention of diabetic cataract. of lens. The distribution profile of crystallins in the soluble fraction
Oxidative stress and the antioxidant system: There is ac- of lens of different groups was monitored by size exclusion chroma-
cumulating evidence that oxidative stress contributes to tH@9raphy (SEC). Soluble protein (@0of a 1 mg/ml dilution in equili-
development of diabetic cataract [12,36-38]. Recent studig§ation buffer) was loaded on TSK-G 2000 SW SEC column and

o rotein peaks were detected at 280 nm with a flow rate of 1 ml/min.
indicate that the polyol pathway may be related to hyperglyrlf)’eaks representing, 3-, andy-crystallins and high molecular weight

(HMW) fractions are indicated at their respective positions.

Group III

A280nm (A.U.)

Group II

Group I

TABLE 2. ACTIVITIES OF SUPEROXIDE DISMUTASE, GLUTATHIONE
PEROXIDASE, AND GLUTATHIONE S-TRANSFERASE IN LENS

TABLE 3. PROTEIN CONTENT OF RAT LENS

Enzyne Goup | Goup |1 Goup |11 Goup IV

""""""""""""""""""""""""" Par anet er Goup | Goup I Goup Il Goup IV
SOD 26.81+0. 62 36. 88+6. 95* 32.15=+7. 65# 26.84£0. 67# ~  c-eeeieeeeeeseiseiciooneieiooieeieiioos ceeooois ooeeooaoeo
GPx 17.31+0. 52 18. 42+0. 75* 17. 84+0. 40# 18. 77+0. 20 Total protein (ng/g |ens) 470+27. 88 414+45. 96* 458+29. 37# 467+36. 05#
GsT 24' 82:0. 55 22' 18:0. 48+ 22' 1121. 86 23' 37:0' 35 Soluble protein (mg/g lens)  392:29.91  209:46.00*  330:46.00#  340+47.01#

Sol ubl e protein (% 83.3 49.29 72.05 71.43

Emblica (Group 1V) and tannoids (Group IIl) treatment partially pre-There was a significant decrease in both total and soluble protein in
vented the altered activities of antioxidant enzymes in untreated diantreated diabetic (Group 1l) compared with the control (Group 1)
betic group (Group Il). Group I: Control rats. The data are theand Emblica (Group IV) and tannoids (Group Ill) prevented the loss
mearr:SD (n=3). SOD activity is expressed as units/min/100 mg proef total and soluble protein in the lens. The total and soluble protein
tein. The activity of GPx and GST is expressegrasles of NADPH in the lens of different groups was estimated by the Lowry method
oxidized/h/100 mg protein and mmoles of CDNB-GSH conjugateand the percentage soluble protein content was derived from the es-
formed/h/100 mg protein, respectively. The asterisk denotes that daienated values. The data are me&b (n=4). The asterisk denotes
are significantly different from Group | and the sharp (hash markjhat data are significantly different from Group | and the sharp (hash
denotes that data are significantly different from Group II. mark) denotes that data are significantly different from Group II.
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Emblica and its tannoids prevented the alterations not only in  Protein crosslinks and insolubilization: During the de-
TBARS but also in protein carbonyls despite elevated gluvelopment of cataract, alterations in lens proteins and
cose levels. Simultaneously, there was an increase in specifitsolubilization have been considered to be the major change
activities of SOD, GPx, and a marginal decrease in GST ithat results in lens opacification. Therefore, we analyzed the
lenses of Group Il animals compared with Group | which furtotal and soluble protein content in all the groups. There was a
ther substantiates the role of oxidative stress in cataractogenesignificant decrease in both total and soluble protein in Group
due to hyperglycemia (Table 2). Emblica and tannoids treatt compared with the control group (Table 3). This could be
ment partially prevented the altered activities of antioxidantlue to a partial leakage of proteins into the aqueous humor.
enzymes. These data clearly demonstrate that Emblica aR@eding of Emblica and tannoids to the diabetic rats prevented
tannoids not only inhibited osmotic stress but also preventetthe loss of total and soluble protein in the lens. The prevention
hyperglycemia-induced lenticular oxidative stress probablyf loss in lens soluble protein in STZ-treated rats was well
due to the inhibition of the polyol pathway. Moreover, thecorrelated with the delay of maturation of cataract in those
tannoid rich fraction of Emblica has been shown to exert antgroups (Figure 1). We have also studied the possible alter-
oxidant properties in stress-induced oxidative damage modations or modifications in the crystallin profile due to diabe-

in rat brain [41,42]. tes-induced hyperglycemia by size-exclusion chromatography
(SEC) as well as by SDS-PAGE. The distribution profiles of
TABLE 4. THE DISTRIBUTION OF CRYSTALLINS IN A SOLUBLE PROTEIN Group Il lens proteins following SEC showed a decreage in
FRACTION andy-crystallin peaks and an increase in ¢herystallin-as-
peak Goup | Goup Il Goup 11l Goup IV sociated high molecular yvelght (HMW) aggregate peak vvhen
e R e LT PR PP O PEE e compared to Group | (Figure 4; Table 4). The decreage in
oyeial || Realc 0 s s 192 andy-crystallins suggests protein degradation in diabetic cata-
+-Grystallin 100 7 112 110 ract lens. The formation of HMW aggregates may be due to

Emblica (Group IV) and tannoids (Group I11) treatment normalizedeither Cros.s-l.inking of degraded products or some Other
the altered crystallin distribution in untreated diabetic (Group Il).changes. Similar changes were also observed in our previous

Group I: Control rats. Data are the average of three HPLC runs fatudy [23]. By SDS-PAGE analysis, a set of protein bands
the area under the curve. The relative percentage of peaks on H:‘@rresponding toa molecular weight of about 45,000 Da was
SEC column in untreated and treated diabetic groups was calculatg@yserved more prominently in Group Il lenses as compared to
by considering the area under the curve for the respective peak jRe other groups (Figure 5). We hypothesize that these bands
Group I as 100%. represent crosslinked proteins induced in the hyperglycemic
lens. It is interesting to note that changes in the crystallins due
1 2 3 4 5 to diabetes were minimized by feeding with Emblica and
e ! ! ! ) tannoids (Figure 4, Figure 5, and Table 4). Further studies are
required to determine whether these changes might be the re-
—_ sult of direct inhibition of polyol pathway or the result of an
= indirect effect involving reduced polyol pathway-mediated
-
—

-

kDa

: oxidative damage.

In this study, we demonstrated that feeding of Emblica or
its constituent tannoids could delay the progression of dia-
betic cataract in rats. Enhanced glucose flux through the polyol
pathway and increased sorbitol and fructose accumulation has

31 Al _
been implicated in diabetes-induced cataract formation [43].
In our study, we observed increased specific activity of AR
21.5 . with simultaneous increased sorbitol levels in untreated dia-

45 M—HMW

betic rats compared with control animals. Interestingly, feed-
ing of Emblica at a 2% level and tannoids at a 0.2% level
resulted in decreased formation of sorbitol, presumably as a
result of AR inhibition. Although multiple mechanisms may
contribute to these effects, the antiosmotic effect of Emblica
appears to be the predominant mechanism of action. Though
there are reports on hypoglycemic activity of Emblica [25], in
Figure 5. Subunit profile and protein cross-linking of the soluble fracq study, we did not observe such an effect. One of the im-
tion of lens. Soluble lens protein was loaded onto a 12% polyactylas, tant observations of this study was that Emblica delayed
mide gel under reducing conditions. Lane 1: Molecular weight mark:,

ers, lane 2: Control (Group 1), lane 3: Untreated diabetic (Group Il)the progression and maturation of cataract despite elevated

lane 4: Tannoid fed diabetic (Group lll), lane 5: Emblica fed diabetiJevels_ of glucose. While the levels Pf Embllga anq tannoids

(Group 1V), and HMW: High molecular weight cross links. Arrows Used in the study were based on a pilot study involving a small

indicate cross-linked proteins in untreated diabetic rat lens (Lane 3pumber of rats, it may be feasible to observe more pronounced

which were reduced in the Emblica and tannoid treated groups. effects with still higher doses. If that is achieved, delay of
1295
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cataract by treatment with Emblica/tannoids merit further at-  Dal Monte M, Marini |, Del Corso A, Mura U. A new approach
tention. against sugar cataract through aldose reductase inhibitors. Exp
Eye Res 1999; 69:533-8.
ACKNOWLEDGEMENTS 16. Pfeifer MA, Schumer MP, Gelber DA. Aldose reductase inhibi-

. . tors: the end of an era or the need for different trial designs?
Part of the research was funded by the Life Sciences Research .-~ 1097: 46:582-9.

Board of Defence Research and Development Organlzatlorj?. Kinoshita JH, Nishimura C. The involvement of aldose reduc-

Government of India. Additional support for this study was  {ase in diabetic complications. Diabetes Metab Rev 1988; 4:323-
provided by the National Eye Institute (EY05856; EY02687)  37.

and through awards from the Pearle Vision Foundation antB. Kawanishi K, Ueda H, Moriyasu M. Aldose reductase inhibitors

Research to Prevent Blindness, Inc. We acknowledge the In-  from the nature. Curr Med Chem 2003; 10:1353-74.

dian Herbs Research & Supply Company, Saharanpur, Indi®?- Halder N, Joshi S, Gupta SK. Lens aldose reductase inhibiting
for the generous supply of standardized extragt officinalis potential of some indigenous plants. J Ethnopharmacol 2003;

; 86:113-6.
tannoids.
20. Lee HS. Rat lens aldose reductase inhibitory activities of Coptis

japonica root-derived isoquinoline alkaloids. J Agric Food Chem
_ REFERENCES _ _ 2002; 50:7013-6.
1. Brownlee M. Biochemistry and molecular cell biology of dia- 57 Suryanarayana P, Krishnaswamy K, Reddy GB. Effect of
betic complications. Nature 2001; 414:813-20. curcumin on galactose-induced cataractogenesis in rats. Mol Vis
2. Baynes JW, Thorpe SR. Role of oxidative stress in diabetic com-  5003. 9:223.30.
plications: a new perspective on an old paradigm. Diabetes 19995 Suryanarayana P, Kumar PA, Saraswat M, Petrash JM, Reddy

48:1-9. . GB. Inhibition of aldose reductase by tannoid principles of
3. Mohan V, Sandeep S, Deepa R, Shah B, Varghese C. Epidemiol- - grypiica officinalis: implications for the prevention of sugar
ogy of type 2 diabetes: Indian scenario. Indian J Med Res 2007;  ,iaract. Mol Vis 2004: 10:148-54.

_125:217'30' ) 23. Suryanarayana P, Saraswat M, Mrudula T, Krishna TP,
4. King H, Aubert RE, Herman WH. Global burden of diabetes, 1995- Krishnaswamy K, Reddy GB. Curcumin and turmeric delay
2025: prevalence, numerical estimates, and projections. Diabe- streptozotocin-induced diabetic cataract in rats. Invest

tes Care 1998; 21:1414-31. _ _ Ophthalmol Vis Sci 2005; 46:2092-9.

5. Zimmet PZ. Diabetes epidemiology as a tool to trigger diabetes, Moghaddam MS, Kumar PA, Reddy GB, Ghole VS. Effect of
research and care. Diabetologia 1999; 42:499-518. Erratum in:  piaphecon on sugar-induced lens opacity in organ culture: mecha-
Diabetologia 1_999; 42:1032. . . nism of action. J Ethnopharmacol 2005; 97:397-403.

6. Bhatnagar A, Srivastava SK. Aldose reductase: congenial and iBg  ggpy MC, Kuttan R. Anti-diabetic activity of medicinal plants
ju_rious profiles of an enigmatic enzyme. Biochem Med Metab and its relationship with their antioxidant property. J
Biol 1992; 48:91-121. o _ Ethnopharmacol 2002; 81:155-60.

7. Gabbay KH. The sorbitol pathway and the complications of diayg scartezzini P, Speroni E. Review on some plants of Indian tradi-
betes. N Engl J Med 1973; 288:831-6. . ) tional medicine with antioxidant activity. J Ethnopharmacol

8. Ghahary A, Luo JM, Gong YW, Chakrabarti S, Sima AA, Murphy 2000 71:23-43.

LJ. Increased renal aldose reductase activity, immunoreactiv,7 Thakyr CP. Emblica officinalis reduces serum, aortic and hepatic
ity, and mRNA in streptozocin-induced diabetic rats. Diabetes - lesterol in rabbits. Experientia 1985: 41:423-4.

1989; 38:1067-71. ) o 28.Ghosal S, Tripathi VK, Chauhan S. Active constituents of Emblica
9. Varma SD, Schocket SS, Richards RD. Implications of aldose re- officinalis: Part 1. The chemistry and antioxidative effects of
ductase in cataracts in human diabetes. Invest Ophthalmol Vis 0 new hydrolysable tannins, Emblicanin A and B. Indian J

Sci 1979; 18:237-41. Chem 1996; 35B: 941-8.

10. Beyer-Mears A, Ku L, Cohen MP. Glomerular polyol accumula-,g Bhuyan KC, Bhuyan DK, Podos SM. Evidence of increased lipid

tion in diabetes and its prevention by oral sorbinil. Diabetes peroxidation in cataracts. IRCS Med Sci 1981; 9:126-7.

1_9_84; 33:604'_7' . . ~30. Uchida K, Kanematsu M, Sakai K, Matsuda T, Hattori N, Mizuno
11. Williamson J, Kilo C, Tilton RG. Mechanism of glucose and dia- Y, Suzuki D, Miyata T, Noguchi N, Niki E, Osawa T. Protein-

betes induced vascular disfunction. In: Ruderman N, Williamson  pqnq acrolein: potential markers for oxidative stress. Proc Natl
JR, Brownlee M, editors. Hyperglycemia, Diabetes and Vascu-  acad Sci U S A 1998 95:4882-7.
lar Disease. New York: Oxford University Press; 1992. p. 10731 Gerlach U, Hiby W. Sorbitol dehydrogenase. In: Bergmeyer HU,

132. L editor. Methods of Enzymatic Analysis. 2nd ed. New York: Aca-
12. Chung SS, Ho EC, Lam KS, Chung SK. Contribution of polyol demic Press; 1974. p. 569-73.

pathway to diabetes-induced oxidative stress. JAm Soc Nephrgh \jarkjund S, Marklund G. Involvement of the superoxide anion

2003; _14:323_3f6' radical in the autoxidation of pyrogallol and a convenient assay
13. Sestanj K, Bellini F, Fung S, Abraham N, Treasurywala A, Humber ¢, sneroxide dismutase. Eur J Biochem 1974; 47:469-74.

L, Simard-Duquesne N, Dvornik D. N-[5-(trifluoromethyl)-6- 33 Fecondo Jv, Augusteyn RC. Superoxide dismutase, catalase and

methoxy-1-naphthalenyl-thioxomethyl]- N-methylglycine glutathione peroxidase in the human cataractous lens. Exp Eye

(Tolrestat), a potent, orally active aldose reductase inhibitor. J  rag 1983 36:15-23.

Med Chem 1984; 27:255-6. _ 34. Habig WH, Pabst MJ, Jakoby WB. Glutathione S-transferases.
14. Kador PF, Robison WG Jr, Kinoshita JH. The pharmacology of = 1pg first enzymatic step in mercapturic acid formation. J Biol
aldose reductase inhibitors. Annu Rev Pharmacol Toxicol 1985; Chem 1974: 249:7130-9.

25:691'7_14' o ) . ) 35. Rao PV, Bhat KS. Effect of riboflavin deficiency on sorbitol path-
15. Banditelli S, Boldrini E, Vilardo PG, Cecconi I, Cappiello M, way in rat lens. Nutr Res 1989; 9:1143-9.

1296



Molecular Vision 2007; 13:1291-7 <http://www.molvis.org/molvis/v13/al41/> ©2007 Molecular Vision

36. Cheng HM, Gonzalez RG. The effect of high glucose and oxida- tase and oxidative damage in diabetes and the consequent po-
tive stress on lens metabolism, aldose reductase, and senile tential for therapeutic options. Endocr Rev 2005; 26:380-92.

cataractogenesis. Metabolism 1986; 35:10-4. 41. Bhattacharya A, Chatterjee A, Ghosal S, Bhattacharya SK. Anti-
37. Altomare E, Vendemiale G, Grattagliano I, Angelini P, Micelli- oxidant activity of active tannoid principles of Emblica

Ferrari T, Cardia L. Human diabetic cataract: role of lipid officinalis (amla). Indian J Exp Biol 1999; 37:676-80.

peroxidation. Diabete Metab 1995; 21:173-9. 42. Bhattacharya A, Ghosal S, Bhattacharya SK. Antioxidant activ-

38. Ahmed FN, Naqvi FN, Shafiq F. Lipid peroxidation and serum ity of tannoid principles of Emblica officinalis (amla) in chronic
antioxidant enzymes in patients with type 2 diabetes mellitus.  stress induced changes in rat brain. Indian J Exp Biol 2000;

Ann N Y Acad Sci 2006; 1084:481-9. 38:877-80.
39. Lee AY, Chung SS. Contributions of polyol pathway to oxidative43. Gonzalez AM, Sochor M, Hothersall JS, McLean P. Effect of
stress in diabetic cataract. FASEB J 1999; 13:23-30. aldose reductase inhibitor (sorbinil) on integration of polyol

40. Srivastava SK, Ramana KV, Bhatnagar A. Role of aldose reduc- pathway, pentose phosphate pathway, and glycolytic route in
diabetic rat lens. Diabetes 1986; 35:1200-5.

The print version of this article was created on 24 Jul 2007. This reflects all typographical corrections and erraialéottitewgh that date.
Details of any changes may be found in the online version of the aiticle.

1297



	Washington University School of Medicine
	Digital Commons@Becker
	2007

	Emblica officinalis and its enriched tannoids delay streptozotocin-induced diabetic cataract in rats
	P. Suryanarayana
	Megha Saraswat
	J. Mark Petrash
	G. Bhanuprakash Reddy
	Recommended Citation



