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Abstract

  Objectives: Several studies have revealed that systemic 
hypertension is strongly associated with cataractogene-
sis. However, the pathophysiology and treatment is often 
unclear.  In this study, we evaluated the anti-cataracto-
genic effect of cinnamaldehyde (CA), a natural organic 
compound, in rats with fructose-induced hypertension.

Methods: The rats were divided into six groups. For six 
weeks, the normal group received a suspension of 0.5% 
carboxy methyl cellulose (10 mL/kg/day, p.o.) while five 
other groups received a 10% (w/v) fructose solution in 
their drinking water to induce hypertension. By the end 
of the third week hypertension had been induced in all 
the animals receiving fructose. From the beginning of 
the fourth week to the end of the sixth week, one of those 
five groups (control) continued to receive only 10% 
(w/v) fructose solution, one group (standard) received 
ramipril (1 mg/kg/day, p.o.) plus 10% (w/v) fructose 
solution, and three groups (experimental) received CA 
at doses of 20, 30, and 40 mg/kg/day p.o., plus 10% (w/v) 
fructose solution. Blood pressure was measured weekly 
using a non-invasive blood pressure apparatus. After six 
weeks, the animals were sacrificed, and the anti-cata-

ractogenic effects on the eye lenses were evaluated.

Results: Administration of fructose elevated both the 
systolic and the diastolic blood pressures, which were 
significantly reduced by CA at all dose levels. In the 
control group, a significant increase in the malonalde-
hyde (MDA) level and decreases in the total protein, 
Ca2+adenosine triphosphate (ATP)ase activity, glu-
tathione peroxidase, catalase, superoxide dismutase 
and glutathione levels, as compared to the normal 
group, were observed. Administration of CA at all dos-
es significantly restored the enzymatic, non-enzymat-
ic, antioxidants, total protein, and Ca2+ATPase levels, 
but decreased the MDA level, as compared to the con-
trol group.

Conclusion: The present study revealed that CA mod-
ulated the antioxidant parameters of the serum and 
lens homogenates in hypertension-induced cataracto-
genic animals.

1. Introduction

High blood pressure is one of the most common dis-
eases in the world, which had affected nearly 1 billion 
of the adult population in 2000, and it is predicted that 
this proportion will increase to 29% (1.56 billion) by 
2025 [1, 2]. Hypertension carries a high-risk factor for 
arteriosclerosis, myocardial infarction, end-stage re-
nal disease and various ocular disorders [3]. In recent 
years, various epidemiological studies have indicated 
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that hypertension plays an important role in the devel-
opment of cataracts, but the mode of cataractogenesis is 
unclear [4-7]. Hypertension has profound effects, such 
as hypertensive retinopathy, hypertensive choroidopa-
thy and hypertensive optic neuropathy, on the structure 
and function of the eye [8]. Apart from this, hypertension 
is thought to cause elevations of inflammatory cytokines, 
such as tumor necrosis factor-alpha, interleukin-6 and 
C-reactive protein, which are closely related to cataract 
formation through intense systemic inflammation [9, 10]. 
Lee et al reported that hypertension could induce confor-
mational structure alteration of proteins in lens capsules, 
thereby exacerbating cataract formation [11]. Although 
several plausible mechanisms have been proposed based 
on laboratory results, the conclusions from epidemiologic 
studies remain inconsistent. 

Although extensive studies have been performed to in-
vestigate the effects of fructose-induced hypertension 
on various organs [12, 13], data on lens integrity and its 
composition in a rat model are lacking. Several previous 
studies postulated that administration of cinnamaldehyde 
(CA) would improve oxidative stress, lipid abnormalities 
and inflammatory markers in the liver and the muscles of 
a fructose-fed rat [14-16]. Evidence from epidemiological 
in vitro and animal studies supports the idea that CA may 
reduce the cataractogenic effect in a hypertensive state.

CA is a naturally-occurring, organic compound that has 
a wide range of biological activities, such as anti-bacteri-
al [17], anti-inflammatory [18], immunomodulatory [19], 
anti-diabetic [20], and aldose reductase inhibition activi-
ties [21]. Aldose reductase is well known to be a key en-
zyme in the polyol pathway which may be accelerated in 
fructose-induced hypertension leading to alterations in 
the morphology of the lens and its function. Hence, the 
objective of the present study was to explore the effects of 
different doses of CA on hypertension and on the levels of 
various biochemical parameters of the lens and serum in 
albino rats fed with a high-fructose diet.

2. Materials and Methods

CA and fructose were purchased from Himedia Labora-
tories Ltd., Mumbai (India). Ramipril was obtained as a 
gift sample from Cipla Ltd. (Mumbai, India). All chemi-
cals and reagents that were used were of analytical grade. 
Sprague-Dawley albino male rats (150 − 180 g) were used 
for the present study. They were housed in standard poly-
propylene cages (three rats per cage) and kept in a light-
dark cycle of equal durations (12:12 hours) under constant 
environmental conditions (22 ± 2°C with 55% ± 5% humid-
ity) according to the guidelines of the Committee for the 
Purpose of Control and Supervision of Experiments on 
Animals (CPCSEA), Government of India. The rats were 
fed commercially-available normal pellet diet and water 
ad libitum under hygienic conditions. The experimental 
protocol was approved by the Institutional Animals Ethics 
Committee (IAEC, 994/GO/ERe/S/06/CPCSEA) of the SLT 
Institute of Pharmaceutical Sciences, Guru Ghasidas Vish-
wavidyalaya (A Central University), Bilaspur, India. 

Animals were randomly selected and divided into six 

groups, with six animals per group. Group 1 (normal) re-
ceived a suspension of 0.5% carboxy methyl cellulose (10 
mL/kg/day, p.o.) for six weeks. Groups 2 to 6 received a 
10% (w/v) fructose solution in their drinking water (equiv-
alent to a diet containing 48% − 57% fructose) for six weeks 
to induce hypertension [22]. By the end of the third week, 
hypertension had been induced in all animals in Groups 
2 − 6. After induction of hypertension, from the beginning 
of week four until the end of week six, Group 2 (control) 
continued to receive 10% (w/v) fructose only, Group 3 
(standard) received ramipril (1 mg/kg/day, p.o.), as well 
as 10% (w/v) fructose, and Groups 4 to 6 received CA at 
three different dose levels (20, 30 and 40 mg/kg/day, p.o.) 
respectively, as well as 10% (w/v) fructose. Blood pressure 
(systolic and diastolic) was monitored weekly by using a 
non-invasive blood pressure apparatus NIBP (CODA-08 
Channel, Kent scientific, USA). Various pathophysiolog-
ical parameters of the cataractogenic effects were eval-
uated after completion of the experimental protocol (six 
weeks). Blood samples from animals were collected by 
cardiac puncture, and serum was separated and stored at 
2 − 8°C for further analysis of biochemical parameters.

After the completion of the experimental protocol, an-
imals were sacrificed and their eyeballs were removed. 
Both lenses were separated from the eye balls and kept 
on graph paper. Their opacities were measured by using 
the photographic method. The graph lines would appear 
clearly in the transparent lens and cloudy or not visible in 
the cataractous lens. Then, the lenses were rapidly des-
iccated, washed with saline and carefully dried over fine 
filter paper, weighed and placed in clean, sterilized vials, 
and stored at -20°C until analysis. A lens homogenate was 
prepared from both lenses of each animal in 10 volumes of 
0.1-M phosphate buffer, pH 7. The homogenate was cen-
trifuged at 10,000 rpm for 1 hour, and the supernatant was 
separated and used for biochemical assays [23].

The supernatant from the lens and serum were used for 
the biochemical analysis. Enzymatic antioxidants were 
measured: The glutathione peroxidase (GPx) activity was 
measured by using the procedure of Tappel [24], and the 
enzyme activity of catalase (CAT) was measured spectro-
photometrically at 240 nm by following the decomposition 
of H2O2 [25]. Superoxide dismutase (SOD) activity was de-
termined by the addition of NADH (nicotinamide adenine 
dinucleotide) after incubation at 30°C for 1 minute, after 
which the reaction was stopped by the addition of 1.0 mL 
of glacial acetic acid into lens homogenate and the ab-
sorbance was measured at 560 nm [26]. The estimate of the 
non-enzymatic anti-oxidant reduced glutathione (GSH) 
was based on the reaction of Ellman’s reagent [27]. Malon-
dialdehyde (MDA) in the lens homogenate and serum was 
estimated by using the colorimetric methods of Ohkawa et 
al [28].  Total protein (TP) in the lens homogenate was as-
sayed by using an ultraviolet (UV)-visible spectrophotom-
eter at 610 nm and the method of Lowry et al. The protein 
content was calculated from a standard curve prepared 
with bovine serum albumin and expressed as μg/mg lens 
tissue [29]. The activity of Ca2+adenosine triphosphate 
(ATP)ase in the lens sample was measured by using the 
method of Rorive and Kleinzeller [30].

The data obtained were expressed as means ± standard 
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errors of the mean (SEMs). The significance of the differ-
ences in mean values between multiple groups was ana-
lyzed by using the one-way analysis of variance (ANOVA) 
followed by the Newman-Keuls post test and the two-way 
ANOVA followed by Bonferroni’s test. The level of statisti-
cal significance was set at P < 0.05. Statistical analyses were 
performed using Graph Pad Prism 5.0 software.

3. Results 

Fructose-fed rats (Groups 2 – 6) showed significant (P < 
0.001) development of hypertension in terms of systolic 
blood pressure (SBP) and diastolic blood pressure (DBP) 
within three weeks compared to day zero. The administra-
tion of ramipril in Group 3 (standard) at 1 mg/kg/day p.o. 
for 3 weeks and the administration of CA in Groups 4, 5, 6 
at 20, 30, and 40 mg/kg/day p.o., respectively, for 3 weeks 

Figure 1 Effect of cinnamaldehyde on (a) the systolic blood pressure and (b) the diastolic blood pressure. Results are 
expressed as means ± SEMs, with n = 6. Data were analyzed by using the two-way ANOVA, followed by Bonferroni post 
tests. aP < 0.05, bP < 0.01, and cP < 0.001 as compared to day 0; dP < 0.05, eP < 0.01, fP < 0.001 as compared to week 3. CA-20 = 
cinnamaldehyde at 20 mg/kg/day; CA-30 = cinnamaldehyde at 30 mg/kg/day; CA-40 = cinnamaldehyde at 40 mg/kg/day.

SEMs, standard errors of the mean; ANOVA, analysis of variance.
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significantly (P < 0.001) reduced the values of the blood 
pressure compared to those at the end of the third week 
(Fig. 1).

After the completion of the experimental protocol, the 
lenses of the eyes of the rats in all groups were removed 
and examined. The lenses of the eyes of the rats that had 
received the 10% (w/v) fructose solution (Groups 2 – 6) 
were opaque (Figs. 2B - 2F) as compared to the normal 
groups (Fig. 2A). Treatments of rats with ramipril at 1 mg/
kg/day, p.o., as well as with CA at 20, 30, and 40 mg/kg/day, 
p.o., seemed to retard the progression of lens opacification 
(Figs. 2C – 2F) as compared to the control group (Fig. 2B). 
At doses of 30 and 40 mg/kg/day, CA had a very significant 
effect as lenses were more transparent than they were at a 
20 mg/kg/day dose of CA.

Fructose administration significantly (P < 0.001) de-
creased the level of enzymatic anti-oxidants (GPx, CAT, 
SOD) and non-enzymatic anti-oxidant GSH and increased 
the level of MDA in the serum of control group when com-
pared to the normal group. Treatment with CA at 20, 30 
and 40 mg/kg/day, p.o. and with ramipril at 1 mg/kg/day, 
p.o. simultaneously with fructose caused a significant (P 
< 0.001) increase in the enzymatic antioxidants. The lev-
el of the non-enzymatic antioxidant GSH increased at in 
the rats treated with ramipril at 1 mg/kg/day (P < 0.05) and 
with CA at 20, 30 and 40 mg/kg/day (P < 0.05, P < 0.01 and 
P < 0.001, respectively). Ramipril and CA at all doses signif-
icantly (P < 0.001) protected the test groups from lipid per-
oxidation, as indicated by a reduction in the level of MDA 

as compared to the control group (Table 1).
Treatment with fructose in control group led to signifi-

cant (P < 0.001) decreases in the levels of enzymatic anti-
oxidants (GPx, CAT, SOD) and in the level of the non-enzy-
matic antioxidant GSH (P < 0.01), but to an increase in the 
level of MDA (P < 0.001) in the lens, as compared to the lev-
els in the normal group. The significant restoration of such 
antioxidants, GPx (P < 0.001, P < 0.001), CAT (P < 0.001, P 
< 0.001), SOD (P < 0.001, P < 0.001), and GSH (P < 0.05, P 
< 0.01) and MDA (P < 0.001, P < 0.001) level was observed 
in CA-treated group at 30 and 40 mg/kg/day respectively. 
Whereas, ramipril and CA (20 mg/kg/day) treated group 
showed significant restoration of GPx (P < 0.001, P < 0.001), 
CAT (P < 0.01, P < 0.01), SOD (P < 0.001, P < 0.05) and MDA 
(P < 0.001, P < 0.001) level respectively, and failed to signif-
icant restoration of GSH level as compared to the control 
group (Table 2).

Significant (P < 0.001) decreases in the levels of total pro-
tein and Ca2+ATPase were observed in the eye lenses of the 
animals in the control group, as compared to the normal 
group. Treatment with CA at the doses 30 and 40 mg/kg, 
along with fructose, caused significant increases in the to-
tal protein (P < 0.05, P < 0.001) and Ca2+ATPase activity (P < 
0.001, P < 0.001) in the lens, while CA at 20 mg/kg, showed 
non-significant effects on total protein and Ca2+ATPase ac-
tivity, as compared to the control group. Moreover, stand-
ard group significantly (P < 0.001) increased the total pro-
tein only (Table 3).

Figure 2 Photographs of lenses in the normal and the experimental groups: (A) normal, (B) control, (C) standard, and 
cinnamaldehyde at (D) 20 mg/kg/day (CA-20), (E) 30 mg/kg/day (CA-30), and (F) 40 mg/kg/day (CA-40). 
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4. Discussion

Some experimental and clinical evidence has identified 
enhanced oxidative stress as an important responsible 
factor for hypertension [31] while other epidemiological 
studies have speculated that oxidative stress is increased 
in hypertensive subjects [32]. However, whether enhanced 
oxidative stress is primary or secondary to the pathogenic-
ity in hypertension has never been clearly established. In 
hypertension, the mechanisms responsible for oxidative 

stress are still not well understood, even though a decrease 
in the disposal of anti-oxidant mechanisms has been pro-
posed. 

Recent studies indicate that a high fructose diet is associ-
ated with high blood pressure [33, 34]. Various studies have 
shown that the excessive provision of fructose enhances 
the rate of production of reactive oxygen species in mito-
chondria, which may be responsible for oxidative damage 

Group

GPx

(µM/min/mg lens 

protein)

CAT

(µM of H2O2 

consumed/min/

mg protein)

SOD

(µM/mg lens 

protein)

GSH

(µM/mg protein)

MDA

(µM/mg lens 

protein)

Normal  8.24 ± 0.46   0.46 ± 0.02 2.74± 0.05 2.51 ± 0.33 0.19 ± 0.02

Control  2.16 ± 0.13c   0.26 ± 0.01c 0.82 ± 0.02c 1.54 ± 0.09b 0.61 ± 0.02c

Standard  4.97 ± 0.15cf   0.35 ± 0.02e 2.08 ± 0.22f 1.90 ± 0.01a 0.13 ± 0.02f

CA-20  5.49 ± 0.43cf   0.40 ± 0.02e 1.52 ± 0.08bd 1.73 ± 0.06b 0.12 ± 0.01f

CA-30  5.99 ± 0.08cfg   0.44 ± 0.03f 2.28 ± 0.36f 2.02 ± 0.03d 0.09 ± 0.02af

CA-40  7.65 ± 0.02fi   0.52 ± 0.05cfi 2.45 ± 0.20f 2.46 ± 0.01eg 0.06 ± 0.01bf

Table 2 Effects of the cinnamaldehyde GPx, CAT, SOD, GSH and MDA levels in the lens

Values are expressed as means ± SEMs, with n = 6. Data were analyzed by using the one-way ANOVA, followed by the Newman-Keuls 
post test. aP < 0.05, bP < 0.01, and cP < 0.001 compared with the normal group, dP < 0.05,  eP < 0.01,  and fP < 0.001 compared with the con-
trol group, and gP < 0.05, hP < 0.01, and iP < 0.001 compared with the standard group. CA-20 = cinnamaldehyde at 20 mg/kg/day; CA-30 
= cinnamaldehyde at 30 mg/kg/day; CA-40 = cinnamaldehyde at 40 mg/kg/day.

GPx, glutathione peroxidase; CAT, catalase; SOD, superoxide dismutase; GSH, glutathione; MDA, malonaldehyde; SEMs, standard er-
rors of the mean; ANOVA, analysis of variance.

Table 1 Effect of cinnamaldehyde on GPx, CAT, SOD, GSH and MDA levels in serum

Values are expressed as means ± SEMs, with n = 6. Data were analyzed by using the one-way ANOVA, followed by the Newman-Keuls 
post test. aP < 0.05, bP < 0.01, and cP < 0.001 compared with the normal group, dP < 0.05,  eP < 0.01, and fP < 0.001 compared with the 
control group, and  gP < 0.05, hP < 0.01, iP < 0.001 compared with the standard group. CA-20 = cinnamaldehyde at 20 mg/kg/day; CA-30 = 
cinnamaldehyde at 30 mg/kg/day; CA-40 = cinnamaldehyde at 40 mg/kg/day.

GPx, glutathione peroxidase; CAT, catalase; SOD, superoxide dismutase; GSH, glutathione; MDA, malonaldehyde; SEMs, standard er-
rors of the mean; ANOVA, analysis of variance.

Groups

GPx

(µM/min/

mg  protein)

CAT

(µM of H2O2 

consumed/min/

mg protein)

SOD

(µM/mg protein)

GSH

(µM/mg protein)

MDA

(µM/mg protein)

Normal 15.37 ± 0.39 0.63 ± 0.02 3.05 ± 0.20 2.88 ± 0.23 2.62 ± 0.12

Control   5.11 ± 0.26c 0.33 ± 0.02c 1.08 ± 0.06c 1.33 ± 0.28c 3.5 ± 0.15c

Standard 13.08 ± 0.35cf 0.53 ± 0.02bf 2.37 ± 0.08af 2.10 ± 0.18ad 2.55 ± 0.19f

CA-20 11.27 ± 0.35cfi 0.44 ± 0.02cfg 2.34 ± 0.10af 1.94 ± 0.08bd 2.78 ± 0.10f

CA-30 13.36 ± 0.17cf 0.48 ± 0.02cf 2.69 ± 0.10f 2.38 ± 0.06e 2.11 ± 0.12afg

CA-40 15.33 ± 0.21fi 0.64 ± 0.02fh 2.78 ± 0.29f 2.63 ± 0.18f 1.87 ± 0.11bfh
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to cellular constituents that results in several dysfunctions, 
namely, diminished anti-oxidant defense mechanism 
[35], decreased enzymatic and non-enzymatic anti-oxi-
dants [36], metabolic syndrome with hyperlipidemia, in-
sulin resistance [37], production of high non-enzymatic 
glycosylation [38] and formation of advanced glycation 
end products (AGEs)  formation [39], which further leads 
to hypertension. This is reflected in our study. We found 
that 10% (w/v) fructose in drinking water for six weeks 
significantly raised the SBP and the DBP from the third 
week to the sixth week and augmented the systemic oxida-
tive stress via depletion of serum antioxidants, including 
GPx, CAT, SOD, and GSH, and enhancement of the serum 
MDA level in the control group. On the other hand, sim-
ilar to treatment with ramipril (1 mg/kg, p.o.), treatment 
with CA at three doses levels (20, 30 and 40 mg/kg, p.o.) 
significantly decreased the SBP and the DBP and restored 
the levels of serum antioxidants and MDA, suggesting that 
fructose-induced hypertension is strongly associated with 
oxidative stress.

Further, various epidemiological studies indicate that 
hypertension plays an important role in the development 
of cataracts [5, 7]. According to various experimental and 
clinical studies, impaired hypertension induces a confor-
mational structural alteration of proteins in lens capsules 
[11], oxidative stress in the eye [40], activation of the polyol 
pathway of the glucose metabolism and formation of AGEs 
in the lens [41]. 

Enhanced oxidative stress in the lenses is a key mech-
anism of cataract formation. In the present study, fruc-
tose-fed animals (control group) showed marked cata-

ractogenic effects through depletion of antioxidants, such 
as GPx, CAT, SOD, and GSH, and increased MDA level in 
the lens as compared to the animals in the normal group. 
Treatments with CA and with the standard antihyperten-
sive drug ramipril (ACE inhibitor) concurrent with fruc-
tose solution showed significant protection against cata-
ractogenesis via reduction of oxidative stress in the lenses 
of the eye. Both CA and ramipril significantly increased 
the levels of GPx, CAT, SOD, and GSH in the lens and de-
creased the level of MDA. That antioxidants play an im-
portant role in protection against cellular damage is well 
know: GPx decreases the levels of H2O2 in cells [42], and 
SOD is a chain-breaking anti-oxidant that converts super-
oxide to H2O2 and scavenges the superoxide anion to form 
hydrogen peroxide. CAT helps to keep the level of free rad-
icals below toxic levels [43].  GSH is synthesized in the lens 
and is responsible for protecting the thiol groups on the 
proteins in the lens, thereby preventing the cross-linkage 
of lens crystalline. A reduced level of GSH is expected to 
cause the formation of disulphide bonds through sulfhy-
dryl oxidation of lens crystalline which leads to cataracto-
genesis [44], while MDA is a product of membrane lipid 
peroxidation and decreases the content of water-soluble 
proteins. MDA protects against aggregation and insolubi-
lization of proteins in the lens, and an increased level of 
MDA may be linked mainly or secondarily to a reduction 
in the content of antioxidants in the lens. MDA is known 
to play a role in lens opacification and can form cross-links 
between membrane lipids and proteins [45]. 

The transparency of the lens depends highly on the total 
content, order and structural integrity of the proteins in 
the lens. Relatively small changes, such as decrease the 
level of total protein and the Ca2+ATPase activity, may lead 
to the development of lenticular opacification and later 
cataracts. However, Ca2+ATPase is a major factor involved 
in maintaining homeostasis of lenticular Ca2+ levels, which 
counteracts the inward passive diffusion of Ca2+. In the 
present study, CA at 30- and 40-mg/kg dose levels signif-
icantly eliminated the cataractogenic effect via elevations 
of the total protein content and the Ca2+ATPase activity in 
the lens. The reduction in the total protein content in the 
lens might be due to the loss of Ca2+ATPase activity, which 
results in enhanced Ca2+ levels and leads to the formation 
of insoluble protein aggregates, the development of opaci-
fication, and ultimately cataractogenesis [46, 47]. 

Aldose reductase is the key enzyme in the polyol pathway 
that is accelerated in cataracts and elicits accumulation 
of polyol in the lens’ cells. Its poor penetration through 
cellular membranes leads to osmotic swelling, changes 
in membrane permeability, leakage of GSH, and perhaps 
even the production of free radicals and hydrogen per-
oxide, causing generation of osmotic and oxidative insult 
[48-50]. CA is reported to have aldose reductase inhibitory 
activity [51].  Further, El-Bassossy et al (2011) reported that 
CA reduced hypertension associated with diabetes due to 
its having a direct protective effect on vascular function 
[16]. Thus, the anti-cataract activity shown by CA might be 
due, in addition to its antioxidant property, to its aldose 
reductase inhibitory action and the resulting protective ef-
fect on vascular function. 

The fructose-fed rats developed hypertension and cata-

Table 3 Effect of cinnamaldehyde on the total protein and Ca2+AT-

Pase levels in the lens

Values are expressed as means ± SEMs, with n = 6.  Data were 
analyzed by using the one-way ANOVA, followed by the New-
man-Keuls post test. aP < 0.05, bP < 0.01, and cP < 0.001 compared 
with the normal group, dP < 0.05,  eP < 0.01, and fP < 0.001 com-
pared with the control group, and  gP < 0.05, hP < 0.01, and iP <  
0.001 compared with the standard group. CA-20 = cinnamalde-
hyde at 20 mg/kg/day; CA-30 = cinnamaldehyde at 30 mg/kg/day; 
CA-40 = cinnamaldehyde at 40 mg/kg/day. 

ATP, adenosine triphosphate; TP, total protein; SEMs, standard 
errors of the mean; ANOVA, analysis of variance.

Groups
TP

(mg/mg lens tissue)

    Ca2+ATPase

(µM/min/mg inor-

ganic phosphate)

Normal    0.70 ± 0.01    16.78 ± 0.39

Control    0.27 ± 0.01c    11.28 ± 0.24c

Standard    0.68 ± 0.03f    11.00 ± 0.20c

CA-20    0.36 ± 0.04ci    11.96 ± 0.20c

CA-30    0.40 ± 0.04cdi    12.90 ± 0.03cfi

CA-40    0.68 ± 0.01f    15.19 ± 0.40cfi

Journal of Pharmacopuncture 2016;19(2):137-144



http://www.journal.ac 143

racts due to oxidative stress, as indicated by reductions in 
the levels of various antioxidant enzymes. Administration 
of CA reduced the SBP and the DBP due to its having pro-
tective effects on the vascular function, as well as antioxi-
dant properties. CA may also inhibit the aldose reductase 
activity, the key enzyme in the polyol pathway responsible 
for cataractogenesis. Thus, we can conclude that CA atten-
uates cataractogenesis in fructose-fed hypertensive rats 
due to its having antihypertensive, anti-oxidant and aldose 
reductase inhibition activities.
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