
Protective Effect of Feronia limonia for Diabetic Cataract and 
Retinopathy in Streptozotocin Induced Diabetic Rats

Abstract

The study evaluates influence of methanolic peel extract of Feronia limonia (MPFL) for antihyperglycemic activity, in vivo antioxidant 
and its role in inhibiting the polyol pathway and formation of advanced glycation end products during diabetes induced cataract and 
retinopathy. Diabetes was induced with 55 mg/kg of Streptozotocin (i.p) and was treated with MPFL 150 mg/kg and 300 mg/kg (p.o) once 
daily for a period of 12 weeks. Blood glucose levels were estimated at the end of every 4 weeks. Serum was collected by retroorbitol plexus for 
the estimation of protein carbonyls and advanced glycation end products. All the animals were sacrificed and separate the lenses for the 
estimation of protein, superoxide dismutase, catalase, reduced glutathione, aldose reductase, protein carbonyls and advanced glycation 
end products at the end of 12 weeks. Cataract progression and incidence of retinopathy was assessed by using slip lamp examination, 
fundoscope and retinal histopathology. Treatment with MPFL showed significant control over elevated blood glucose levels significantly in 
diabetic rats. The antioxidant enzymes and reduced glutathione, aldose reductase, protein carbonyls and advanced glycation end products are 
restored to normal with MPFL treatment in diabetic rats. Cataract grading was found to be less, prominent blood vessels in fundoscope 
and regeneration of retinal cell layers were observed with MPFL treatment in diabetic rats. The treatment with MPFL exhibited significant 
protective action on cataract and retinopathy in persistent hyperglycemia through possible mechanisms might be due to phytoconstituents in 
the peel of Feronia limonia.
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Introduction
The Diabetes is a chronic metabolic dysfunction of pancreas 

characterized by defected insulin production, insulin resistance 
leads to hyperglycemia and to development of retinopathy, 
nephropathy, neuropathy and cardiovascular complications. The 
major microvascular complication with high incidence is diabetic 
retinopathy and showed highest impact on world’s health system. 
The rate of incidence of diabetic retinopathy in 2010 was 126.6 
million and estimated increase upto 191.0 million by 2030; other 
vision related problems are inclined from 37.3 million to 56.3 million 
in uncontrolled diabetes [1].

The key feature of chronic hyperglycemia is interaction between 

Accumulation of these reactive products on long lived tissues is the 
leading cause of severe complications like retinopathy, nephropathy, 
neuropathy, atherosclerosis and age related degeneration [3,4]. The 
diabetic patients are most likely to develop cataract due to the 
changes in the lens metabolism. Other factors are also leading to the

risk of cataract are oxidative stress, deficiency of vitamins 
and nutrition, smoking etc [5].

Several studies on chronic diabetic patients are shown elevated 
blood glucose levels and associated loss of lens opacity with ocular 
edema [6]. Uncontrolled hyperglycemia results to increased sorbitol 
formation in the lens; it may one of the risk factor for development of 
cataract. Abnormalities of retinal proteins and lenticular vasculature 
leads to microvascular and neovasular eye problems [7]. Glycation of 
macular proteins at lysine residue and abnormal antioxidant enzyme 
production also causes cataract formation.

Cataract and retinopathy can be treated with herbal drugs rather 
allopathic medicines due to unidentified mechanisms in individual. 
Based on the previous studies plants with rich of antioxidants are 
Litchi chinensis [8], Azadirechta indica [9], Emblica officinalis [10], 
Ocimum sanctum [11], Citrus aurantium [12], Morus alba [13] and 
Trigonella foenumgracum [14] etc. were reported for their protective 
action over cataract and retinopathy.

Hence, the present study was planned to explore the role of 
Feronia limonia peel with rich of palmitic acid, oleic acid, linoleic 
acid, stearic acid, β- sitosterol, β- amyrin [15], Lupenol, stigma sterol 
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 the circulation glucose with proteins and tends to the development of
 the initiation of the Advanced Glycation End products (AGEs) [2].
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Materials and Methods
Streptozotocin was obtained from the Sigma Aldrich, USA. All the 

chemicals and kits required in the study are analytical grade. The 
fruits of Feronia limonia were purchased from local market. The peels 
were separated and powdered to get 40 mesh size powder. The 
moisture content was found to be 13.5%. The methanolic extract of 
Feronia limonia was prepared using Soxhlet apparatus. The 
methanolic extract of Feronia limonia (MPFL) was suspended in 2%
gum acacia during experiment.

Experimental animals

Male albino Wistar rats of weighting between 180 g to 200 g 
were purchased from Mahaveer enterprises, Hyderabad. Animals 
are supplemented with normal chow diet, housed under 23 ± 
1oC, humidity of 50% ± 10%, maintained 12:12 dark and light cycle 
and supplemented with pure water ad libitum. The animal housing 
and handling were in accordance with CPSCEA guidelines. Our 
college was approved by CPCSEA for conducting animal 
experiments with the registration No. 516/01/A/CPCSEA and 
Institution animal ethics committee (IAEC-012/AU-Pharm/2015-16).

Induction of diabetes

All the rats were fasted over 18 hrs before the experiment with 
drinking water ad libitum. Streptozotocin at dose of 55 mg/kg bd.wt 
i.p., dissolved in citrate buffer. Nicotinamide at 100 mg/kg  bd.wt, i.p
was injected prior to STZ induction. Fasting blood glucose levels
were estimated after 72 hrs of STZ induction. The blood glucose
levels over 250 mg/dL were included in the present study.

Experimental design

After acclimatization all the animals are divided into 5 groups each 
having 6 rats. Group 1 served as normal control, group 2 served as 
diabetic control i.e STZ 55 mg/kg and nicotinamide 100 mg/kg; group 
3 received gliclazide (1 mg/kg), group 4, 5 served as MPFL 150 and 
300 mg/kg orally once a day for 12 weeks. Except control group, all 
the group animals induced with diabetes.

Biochemical assays

Fasting blood glucose levels were estimated at the end of every 
4week intervals using GOD-POD method [17]. All the animals were 
sacrificed under light anesthesia (pentobarbitone) at the end of 12 
week study period. The lens were isolated out and stored in -200c. 
The lens homogenate was prepared using ice cold phosphate buffer 
20 mM at pH 7.4 using glass homogenizer, further centrifuged 
at 12000 rpm using centrifuge, supernatant was separated for 
further studies. The total protein levels were estimated by the 
method [18], the SOD levels determined by the principle 
of inhibition of adrenochrome formation estimated at 480 nm 
[19]; CAT levels were estimated at 240 nm based on the 
catalytic conversion of H2O2 to H2O at pH 7.0; GSH levels 
measured by using [20]; Aldose Reductase activity (AR) was 
measured by the method of Suryanarayana et al., 2005 in lens 
homogenate [21].

Estimation of protein carbonyls

To the soluble fraction of lens homogenate added 1 ml of 10 mM 
DNPH, which was dissolved in 2 M HCl. The resultant mixture was 
incubated at room temperature for 30 min. After the incubation 
period added 1 ml of 10% w/v cold TCA and applied centrifugation 
for 10 min at 3000 g. The resultant protein pellet was washed with 
1:1 ratio of ethanol/ethyl acetate three times. The washed pellet was 
dissolved in 1 ml of 6M guanidine HCl at pH 2.3. The absorbance of 
final mixture was measured at 370 nm [22].

Estimation of serum and retinal AGE’s

The blood was centrifuged and the serum was diluted with 1:50 
ratio with phosphate buffer saline at pH 7.4. The amount of AGE was 
measured at 350 nm excitation and 440 nm emission wave 
length [23]. The incised lenses are homogenized in Tween buffer 
at pH 8 followed to 15 min centrifugation at 4oc. Estimated 
soluble protein levels in lenses as mentioned in earlier. The 
lens proteins were diluted to 1 mg/ml and standard BSA was 
also prepared at same concentration (1 mg/ml) and AGEs are 
measured at 370/440 of excitation and emission 
wavelengths against the blank in terms of fluorescence intensity 
(AU) [24]. The results are expressed as AU/mg of protein.

Cataract grading

Slit lamp biomicroscope (Kowa Portable, Tokyo, Japan) was used 
to grade the cataract. The dilated pupils of rats were subjected to 
testing. The lens opacity was categories into five stages [25].

Stage 0: Clear lenses

Stage 1: Majority of anterior pole surface was covered with 
vacuoles

Stage 2: Cortex haziness with disappeared vacuoles 

Stage 3: Hazy cortex with dense nuclear opacity 

Stage 4: A mature Cataract

Calculation of percent incidence of cataract:

% incidence=Number of eyes in each stage × 100
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and osthenol [16] for diabetic retinopathy and diabetes induced 
cataract in Streptozotocin induced rats.
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 Total no. of eyes

Fundus examination

The fundoscope test was used to observe the retinal blood 
vessels. A Zeiss FF 450 plus IR camera (CArlzeis Meditec AG, 
07740 Jena, Germany) was used to obtain the pictures of fundus. A 
qualified ophthalmologist carried out the experiment at LB Prasad 
Eye hospital, Visakhapatnam [26].

Histopathology

The incised lenses are fixed in 10% formalin. The lenses were 
trimmed using Yorco automatic tissue processor and then 
embedded in paraffin wax using Leica embedding station. Leica 
microtome was used to obtain 3 µ thick section of lens. Finally the 
sections were stained with haematoxylin and eosin stain. The 
sections were studied under Trinocular phase contrast compound 
microscope (LX 400) with IVU 1200 camera.

Highlight



Statistical analysis

Data represented in terms of Mean ± SEM. Statistical approaches 
by using One way Analysis, Dunnet’s multiple comparison test.

Results and Discussion
Persistent hyperglycemia can progress to macrovascular and 

microvascular complications and are the major cause of increased 
morbidity and mortality of diabetes. Diabetic retinopathy is 
still serious among the long term complications of diabetes therein 
[27]. Accelerated diabetic retinopathy in persistent hyperglycemia 
due to excessive production of free radicals, defect on antioxidant 
enzymatic system, formation of intermediate and consequent end 
products of oxidative stress are protein carbonyls and AGEs 
[28,29]. To overcome these mechanism of disease progression 
various fruits, vegetables and spices were reported for their 
inhibitory action on both protein glycation and AGE formation 
[30,31].  

Henceforth many researches are focused on plant based therapy for 
the prevention of diabetes associate complications. Therefore, the 
present study was designed to identify the role of Feronia limonia in 
preventing the progression of diabetic retinopathy.

The preclinical model to induce diabetic retinopathy is 
Streptozotocin (STZ). STZ is reported to induce hyperglycemia as 
well as diabetic complication at different dose levels. The STZ 
induced diabetic retinopathy is similar to the early stage retinopathy 
humans [32]. In the present study STZ nicotinamide model was 
used to induce hyperglycemia [33]. In the present study, significant 
increase blood glucose levels were found in STZ induced diabetic 
rats a marker of protein glycation [34]. Treatment with MPFL and 
Gliclazide shown to reduce the elevated blood glucose levels 
significantly at p<0.001 compared with 0 day during 12 weeks study 
period (Table 1). The antidiabetic activity of MPFL due to its 
biphasic reduction of blood glucose levels in diabetic condition [35] 
as diabetes is associated to delayed gastricabsorption  and motility

Groups Blood glucose(mg/dL)

0 week 4 week 8 week 12 week

Normal control 102.44 ± 2.81 104.33 ± 3.00ns 101.83 ± 2.20 ns 102.50 ± 3.11 ns

Diabetic Control 423.33 ± 4.44 442.33 ± 5.49 ns 447.83 ± 4.86 ns 453.66 ± 5.10 ns

Standard 485.0 ± 7.42 207.8 ± 5.55* 159.1 ± 4.13** 104.00 ± 3.88***

MPFL (150 mg/kg) 444.23 ± 3.66 282.36 ± 4.56* 200.36 ± 5.03* 120.33 ± 3.66***

MPFL (300 mg/kg) 436.33 ± 4.66 256.00 ± 6.03* 188.23 ± 6.33* 112.03 ± 5.32***

Note: p>0.05ns, p<0.05*, p<0.01**, p<0.001***Significance followed by one way ANOVA followed by Dunnet’s multiple comparison test when compared with disease control group.

Deprive of antioxidant enzymes (SOD, CAT, GSH etc) leads to the 
altered repair mechanism and ultimately develops cataract [40]. 
Significant decrease in superoxide dismutase, catalase and 
reduced glutathione activities in lens at p<0.05 were 
observed in diabetic rats compared to the normal control group in 
the present investigation (Table 2) was an indication of 
increased oxidative stress with subsequent utilization of these 
enzymes with STZ [41]. The MPFL treatment found to elevate the 
levels of antioxidant enzymes might be due to the free radical 
scavenging activity as reported earlier by Eswar Kumar et al., 
2015 [42]. Glucose is reduced to sorbitol by the enzyme Aldose 
Reductase (AR) utilizing NADPH as a cofactor in the polyol 
pathway [43]. The osmotic homeostasis in the lens due to 
accumulation of sorbitol due to it cannot able to cross the cell 
membranes easily [44]. Treatment with MPFL showed marked 
reduction of elevated aldose reductase in STZ induced diabetic 
rats significantly at p<0.05 (Table 2).

Groups Control D. Control Standard MPFL (150 mg/kg)

Total protein

Soluble protein

Superoxide desmutase
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Table 2. Effect of Mpfl on Enzyme Levels in Lens Homogenate in Stz Induced Diabetic Rats.
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Table 1. Effect of Mefl on Blood Glucose Levels During Different Time Intervals of Stz Induced Diabetic Rats.

and can also lead to malabsorption [36,37]. During the development 
of retinopathy, alterations in lens proteins and insolubilization, 
fragmentation and subsequent leakage of proteins due to the 
disruption of the lens fiber membranes are the consequent to lens 
opacification [38]. Hence, the protein levels in the lenticular 
homogenate were done this study. The soluble and total proteins 
levels were found to be diminished in diabetic control rats and with 
MPFL at 150 mg/kg and 300 mg/kg treatment showed significant 
restoration of protein levels to normal (Table 2).

 The persistent hyperglycemia leads to glucose autoxidation and 
protein glycation mediated cellular disruptions caused by excessive 
oxidative stress. Excessive free radical generation leading to 
oxidative stress is another mechanism involved in the formation of 
cataract [39]. The lenses are endowed with non-enzymatic and 
enzymatic antioxidant system to protelens proteins from free 
radicals.

456.92 ± 6.15 394.6 ± 24.62 449.19 ± 4.26 426.66 ± 4.03*

377.33 ± 8.16* 218.00 ± 4.35 298.00 ± 12.73* 290.00 ± 4.10*

1.67 ± 0.06 0.56 ± 0.03 1.32 ± 0.04* 1.18 ± 0.02*



Catalase

Reduced glutathione

Aldose reductase

Note
SOD, CAT were expressed as IU/min/mg of protein, GSH expressed as ɳmol/mg of protein, AR expressed as µmols of NADPH oxidized/hr/100 mg protein. p<0.05* significance followed 

by one way ANOVA followed by DUNNETT’s multiple comparison test when compared with toxicant group.

Cross linking and aggregation of proteins, resulted to the major 
modification in lens opacity has been reported in STZ induced 
diabetic rats with subsequent formation and accumulation of 
advanced glycation end-products [45]. Accumulations of these 
lenticular proteins are the markers of oxidative stress and carbonyl 
stress. Deposition of lipids and decomposition of lipid peroxides in 
lenticular tissue tends to initiate the formation of protein carbonyls 
[46]. Together, the results of the study cleared that MPFL can able 
able to prevent diabetes  associated stress and may thus be one of 
the mechanisms by which MPFL delay the progression and  
thickness and prominent appearance of blood vessels in diabetic

Groups Serum AGE Lens AGE Lens PCO MPFL (150 mg/kg)

(AU) (AU) (nmol/mg of protein) 426.66 ± 4.03*

Control 08.36 ± 0.36* 1.48 ± 0.07* 3.49 ± 0.07* 290.00 ± 4.10*

D.Control 17.77 ± 0.48 2.55 ± 0.08 7.28 ± 0.16 1.18 ± 0.02*

Standard 08.70 ± 0.59* 1.49 ± 0.12* 3.79 ± 0.08* 0.68 ± 0.02*

MPFL (150 mg/kg) 12.80 ± 0.26* 1.77 ± 0.06* 5.47 ± 0.08* 6.82 ± 0.22*

MPFL (300 mg/kg) 09.96 ± 0.45* 1.57±  0.04* 4.30 ±  0.06* 28.22 ± 0.33*

Note: P<0.05* significance followed by one way ANOVA followed by DUNNETT’s multiple comparison test when compared with toxicant group.

Layers  (IPL and
rats showed prominent evidence of ruptured retinal cell layers 
with atrophy. Rats in gliclazide treatment showed regeneration of 
GCL and INL and moderate atrophy was observed in IPL and OPL. 
MPFL at 400 mg/kg showed marked amelioration of altered retinal 
layers with prominent rods and cones as evidenced in Figure 4. 
In the present investigation flavonoid contents present in the 
pericarp of MPFL might be responsible for the prevention of 
reticular and lenticular damage and related problems in diabetic rats.

Figure 1. Effect of MPFL on cataract of STZ induced diabetic rats.
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maturation of cataract in diabetes. Over long term exposure of 
hyperglycemia allows formation of AGEs via fructose and glucose 
mediated protein glycation under oxidation and non-oxidative 
conditions [47]. The same was observed in the present study that 
the elevated levels of both circulating and retinal levels of AGEs in 
diabetic control rats and were round to the less with MPFL in serum 
as well as in lens homogenate (Table 3).

The development of retinopathy was observed due to persistence 
hyperglycemia after 12 weeks of STZ induction. The cataract 
progression and % incidence of cataract was calculated and 
presented in figures 1 and 2. Interestingly, the observations 
showed significant protection of MPFL on delay in the onset of 
cataract in STZ induced diabetic rats. The delay in the cataract 
progression might be due to the abolishing the loss of soluble 
protein in lens during MPFL treatment in diabetic rats.  Fundoscope 
study in the present investigation reveals the ultra-structural 
damage to the tiny blood vessels and excessive retinal thickness in 
STZ induced diabetic rats. But the protective effect of MPFL on 

fundus evidenced by its inhibitory effect on increased retinal  rats as 
shown in Figure 3. Several factors influence the ganglion cell layers 
of retina. The degeneration is effected under oxidative stress, 
inflammation, formation of AGEs and altered sorbitol formation [48]. 
Researchers reported that the ganglion cells can able to survive by 
retrieving the oxidative stress during cataract with supplement of 
flavanoids in diabetic rats [49]. Retinal histopathological studies 
indicating that the retina of control group showed regular 
arrangements of all retinal layers Pigment Epithelium (PE), Ganglion 

1.06 ± 0.04* 0.13 ± 0.06 0.82 ± 0.08* 0.68 ± 0.02*

9.23 ± 0.12* 4.26 ± 0.11 9.52 ± 0.04* 6.82 ± 0.22*

24.93 ± 0.92* 34.23 ± 0.12 26.49 ± 0.08* 28.22 ± 0.33*

Note: 

Table 3. Effect of Mpfl on Serum Age, Lens Protein Carbonyl Content and Ages in Stz Induced Diabetic Rats.

 OPL) and Rods and Cones (RC). Diabetic control 

Cell Layer (GCL), lnner Nuclear Layer (INL), Inner and uter Plexiform  O
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Figure 2. Effect MPFL on % incidence of the lens after 12 
weeks of study in normal and streptozotocin induced diabetic 

) stage 2-3, ((                     )stage 3-4.

Figure 3. Effect of MPFL on fundus of STZ 
induced diabetic rats (Fundoscope).

Figure 4. Effect of MPFL on histopathology of retina in STZ 
induced diabetic rats.

Conclusion
 It is concluded that, Feronia limonia showed significant 

antihyperglycemic activity with prominent action against the 
oxidative stress, inflammation, inhibitory action on formation of 
protein carbonyls and advanced glycation end products during 
uncontrolled hyperglycemia. Feronia limonia has been shown to 
reduce the progression of both cataract and retinopathy in diabetic 
rats might be due to the presence of volatile oils and fatty acids. 
Hence Feronia limonia can be used in the patients with persistent 
hyperglycemia as well as to prevent the progression of retinal 
damage during chronic diabetes.
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