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Abstract
Background The current study aimed to investigate the Superoxide dismutase, Glutathione Peroxidase activity, Advanced 
oxidation Protein products levels, Malondialdehyde levels, Baseline Conjugated Diene concentration, and 8-Isoprostaglandin 
F2α (8-IPG-F2α) quantification in diabetic and non-diabetic senile cataract patients to find out the pathomechanism of early 
onset of cataract in diabetic patients.
Methods This case–control study was performed on 184 subjects undergoing cataract surgery. For 8-IPG-F2α quantification, 
35 diabetics and non-diabetic lenses and the entire study included 22 patients with diabetic senile cataracts and non-diabetic 
senile cataracts of aqueous humor age ≥ 40 years. Ninety-two patients with diabetic senile cataract and non-diabetic senile 
cataract lenses aged ≥ 40 years were incorporated for all other studies. The student’s t-test was used for statistical analysis.
Results From the study population, the mean age was 63.82 ± 0.6, and 75% of them were female. Higher female prevalence 
in both groups was observed. The results revealed that the superoxide dismutase and glutathione peroxidase activity were 
significantly reduced in diabetic patients compared to non-diabetic patients (p < 0.001) in both lenses and aqueous humor. 
Malondialdehyde, conjugated diene, and 8-IPG-F2α levels significantly increased in diabetic patients when compared to 
non-diabetic (p < 0.01), and advanced oxidation protein products levels also significantly increased in diabetic patients when 
compared to non-diabetics in both lenses and aqueous humor (p < 0.001).
Conclusion The current study revealed that oxidative stress and Lipid per-oxidation have an imperative role in the diabetic-
related complication, specifically in the lens, may have a responsibility in the pathomechanism of early onset of cataracts 
coupled with diabetes mellitus.
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Introduction

Cataract  is a multifactorial process in which there is a 
combination of a linked process such as post-translational 
modifications, aggregation, fragmentation, and precipita-
tion of lens proteins leading to opacification of the lens [1]. 
Morphologically it can be defined as the disturbance of the 

optical homogeneity, which can cover the lens partially or 
wholly, leading to blindness [2].

It is one of the most important causes of unavoidable 
blindness globally, accounting for 51% of all-cause blind-
ness [3, 4]. The estimation of the first worldwide blindness 
by the World Health Organization (WHO) in 1972 was about 
10–15 million, and they also estimated that about 1–2 mil-
lion become blind every year [1].

The pathogenesis of cataracts is known to be inclined 
by several factors, including oxidative stress. The lens is 
exposed to light throughout the lifetime and prone to oxi-
dative attack induced by reactive oxygen/ nitrogen species 
(ROS/RNS) [5, 6]; it is equipped with an efficient antioxi-
dant system for shielding this oxidative/nitrosative stress. 
The primary enzymatic antioxidants in the lens are super-
oxide dismutase [7], Catalase [8], glutathione peroxidase 
[9], glutathione reductase, glutathione-S-transferase [10], 
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thioredoxin system. [11] Moreover, non-enzymatic antioxi-
dants are reduced glutathione [12], ascorbic acid, Vitamin A, 
E [13–16]. A decline in the activity of all these enzymes and 
molecules is reported in cataract formation [17, 18]. Aging, 
hypertension, diabetes mellitus, smoking, renal disease, mal-
nutrition contribute to cataracts [19, 20].

Diabetes mellitus (DM) is significant metabolic anar-
chy differentiated by a disturbance in glucose metabolism 
and impaired carbohydrate, lipid, and protein metabolism, 
leading to long-term difficulties. The prevalence of DM has 
augmented dramatically over the past two decades and per-
sists in increasing [21]. Multiple mechanisms have been con-
cerned with cataract development progress in DM, such as 
excessive tissue sorbitol concentrations, abnormal glycosyla-
tion of lens proteins, and increased free radical production in 
the intraocular region [22]. Ocular complications are com-
mon in diabetes, and cataract becomes the primary cause of 
blindness in those patients [23]. The epidemiological studies 
revealed the fivefold increased prevalence of cataracts in 
diabetic subjects compared with the non-diabetic population. 
Growing evidence indicates that both duration of diabetes 
and quality of glycemic control is the most critical risk fac-
tors for diabetic cataract formation [24].

Surgical removal of cloudy/opaque lenses and replace-
ment with a synthetic intraocular lens is the only available 
treatment for cataracts [25]. In developed countries, the sur-
gical rate has been increased above the WHO anticipated 
range (3000/million people/year to 7000 – 11,000/ million 
people) [26–29]. Even though surgery is a successful meas-
ure for cataract blindness, significant risks are associated 
with post-surgery, such as inflammation in the eye, retinal 
detachment, infection in the eye, glaucoma, secondary cata-
ract [30].

A cataract is a degenerative protein disorder, and its 
irreversible nature directs vision researchers in the track 
of preventive measures for the management of blindness. 
The current study focused on investigating the relationship 
between oxidative stress, lipid peroxidation, and diabetes to 
prevent the early onset of cataracts in diabetic patients by 
quantifying the levels of antioxidative enzymes and lipid 
peroxidation products in diabetic cataract patients in contrast 
to the non-diabetic.

Materials and methods

Patients and samples

This comparative case–control observational study was car-
ried out at Sri Ramachandra Medical Center on subjects 
who had undergone cataract surgery between March 2018 
to April 2019. The control group was non-diabetic patients 
who had cataract extraction during the study period. 

Diabetic cataract (study group) patients had a previous his-
tory of type 2 diabetes mellitus, and the diagnosis was based 
on random blood sugar > 200 mg/dl within one week of the 
surgery. All subjects underwent a complete eye examina-
tion in the ophthalmic OPD, and cataract was diagnosed 
using slit-lamp and fundus examination, which had severe 
visual disturbances and visual acuity of below 0.3. The 
study was approved by the Institutional Ethical Commit-
tee (IEC-NI/15/OCT49/61), and all participants provided 
written informed consent the day before the surgery. In this 
current study for 8-Isoprostaglandin F2α(8-IPG-F2α) quan-
tification, 35 diabetic (study group) and 35 non-diabetic 
lenses (control group) were included, and for all other stud-
ies, 92 patients with diabetic senile cataract and 92 patients 
with non-diabetic senile cataract were incorporated. For the 
entire study, 22 patients with diabetic senile cataracts and 
22 patients with non-diabetic senile cataracts of aqueous 
humor were incorporated in this study.

Inclusion Criteria

Patients having cataracts with diabetes mellitus (study 
group) and cataracts without diabetes mellitus (control 
group) in both groups aged ≥ 40 years were included in this 
study.

Exclusion Criteria

The study expelled smoking history, glaucoma, eye infec-
tions, eye diseases, and antioxidant therapy patients.

Sample preparations

Cataract lens was obtained after Extracapsular cataract 
extraction, and Small Incision cataract surgery procedure 
and 0.15 ml of aqueous humor were aspirated from the 
anterior eye chamber with a 27-gauge needle connected to 
a tuberculin syringe, immediately stored in an icebox and 
transferred to central research lab within two hours of extrac-
tion and stored at -80 °C. The stored lens was thawed, the 
tissue was sliced into parts, and tissue homogenization was 
done according to the Assay Kit protocol. 0.2 mM Butylated 
hydroxytoluene (BHT) was added during homogenization 
to prevent auto-oxidation. Aqueous humor was diluted with 
PBS buffer to measure superoxide dismutase, glutathione 
peroxidase, conjugated diene, malondialdehyde, advanced 
oxidation protein products, and ELISA buffer for 8-IPG-F2α 
and further proceeded for the assay.

Activity of Superoxide Dismutase (SOD)

SOD activity is standardized using the Cytochrome C, and 
Xanthine oxidase coupled assay. The Cayman Chemical 

698 Journal of Diabetes & Metabolic Disorders (2022) 21:697–705



1 3

Assay Kit for SOD was purchased from Synergy Scientific 
Services (Catalog number: 706002), and the procedure is 
followed according to the manufacturer's protocol. The tis-
sue was homogenized in 5–10 ml of cold 20 mM HEPES 
buffer, pH 7.2, containing 1 mM EGTA, 210 mM man-
nitol, and 70 mM sucrose per gram tissue, centrifuged at 
1,500 × g for 5 min at 4 °C. The supernatant was removed 
for assay and stored on ice, and the SOD activity was calcu-
lated using the equation obtained from the standard curve's 
linear regression, substituting the linearized rate for each 
sample. The following equation was used to quantify the 
SOD level. One unit is defined as the amount of enzyme 
needed to exhibit 50% dismutation of the superoxide radical.

Measurement of glutathione peroxidase (GPx)

The Cayman Chemical Assay Kit for GPx was purchased 
from Everon Life Sciences (Catalog number: 703102), and 
the procedure was followed according to the manufacturer's 
protocol. The tissue was homogenized in 5–10 ml of cold 
buffer (i.e., 50 mM Tris–HCl, pH 7.5, 5 mM EDTA, and 
1 mM DTT) per gram tissue and centrifuged at 10,000 × g 
for 15 min at 4 °C. The supernatant was removed and stored 
on ice. The reaction rate at 340 nm was determined using the 
NADPH extinction coefficient of 0.00373 µM-1. One unit is 
defined as the amount of enzyme that will cause the oxida-
tion of 1.0 nmol of NADPH to NADP + per minute at 25 °C. 
The following equation measures GPx activity.

Measurement of Advanced oxidation Protein 
products (AOPP)

AOPP concentrations are expressed as µmol/L of chloramine-
T equivalents. AOPP quantified as described by Witko-Sarsat 
et al.,[31]. The sample was diluted in 1:5 phosphate-buffered 
saline into each well of a 96-well microplate and added 20 µl 
of acetic acid to each well. For the standards, 10 µl of 1.16 M 
potassium iodide was added to 200 µl of chloramine-T solu-
tion (0 to 100 µmol/L) in a well and then added 20 µl of acetic 
acid. The absorbance was immediately read at 340 nm against 
a blank consisting of 200 µl of phosphate-buffered saline, 
10 µl of 1.16 M potassium iodide, and 20 µl of acetic acid.

Estimation of Malondialdehyde (MDA)

The Cayman Chemical Assay Kit for MDA was purchased 
from Synergy Scientific Services (Catalog number: 

SOD(U∕ml) = sample LR − y intercept ∗ (0.23∕0.01ml) ∗ sample dilution∕Slope

GPx activity =
ΔA340nm∕min × 0.19ml

0.00373μM−1
×
Sample dilution

0.02ml
= nmol∕min∕ml

10009055), and the procedure is followed according to 
the manufacturer's protocol. Approximately 25 mg of tis-
sue was weighed into a 1.5 ml centrifuge tube, and 250 μl 
of RIPA Buffer containing protease inhibitors was added. 
The tissue was homogenized on ice and centrifuged at 
1,600 × g for 10 min at 4 °C. The supernatant was used 
for analysis. Absorbance was measured at 540 to 530 nm, 
and the values of MDA were calculated from the given 
formula.

Measurement of baseline Conjugated Diene (CD) 
concentration

Baseline CD concentration was measured by the method 
detailed by Chajes et al. (1996) [32]. The sample was 
mixed with 0.5 ml of water, and lipids were extracted 
following the addition of 1.5 ml of chloroform–metha-
nol mixture 2:1 (v/v) with butylated hydroxytoluene 
(5 mg/100 ml), vortex mixed, further separated by cen-
trifuging for 5 min at 2000 × g (4 °C). The lower layer 
was evaporated under a stream of nitrogen until dry. The 
lipid residue was redissolved in 1 ml of cyclohexane, 
and the absorbance was measured at 234 nm. The results 
were presented as relative optical density units (OD 234).

Quantification of 8‑IPG‑F2α

The Cayman Chemical ELISA Kit for 8-IPG-F2α was 
purchased from Everon Life Sciences (Catalog num-
ber: 516351), and the procedure is followed according 
to the manufacturer's protocol. 1 ml of Homogeniza-
tion Buffer (0.1 M phosphate buffer, pH 7.4 contain-
ing 1  mM EDTA and 0.005% BHT) was added per 
100 mg of tissue. The sample was homogenized and 
centrifuged at 8,000 × g to pellet particulate matter for 
ten minutes; the supernatant was transferred to a clean 
tube. Before the assay, sample purification was done 
using solid-phase extraction purchased from Phenom-
enex. Strata C18-E, reverse phase, silica-based with 
a sorbent mass of 200 mg was used. The absorbance 
of samples and standards was measured at the 420-
405 nm wavelengths.

MDA(μM) = (Corrected absorbance) − (y − intercept)∕Slope
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Statistical Analysis

Statistical analysis was carried out with Graph Pad 
Prism 7 software. The Shapiro–Wilk test was used to 
find the normality distribution, and logarithmic transfor-
mation was done when needed. The Student's t-test was 
used to find the differences between the means of the 
two continuous variables, and Pearson's Chi-square test 
compared the categorical variables. Data are expressed 
as mean with standard deviation for continuous vari-
ables, and number (percentage) for categorical vari-
ables and p-value < 0.05 were considered statistically 
significant.

Results

Demographical and clinical characteristics

The demographic data and clinical characteristics of the 
two study groups are represented in Table 1. The mean 
age was similar in both the study groups, and there is a 
female preponderance in both the study population. The 
prevalence of females was higher in the diabetic cata-
ract group, and males were dominant in the non-diabetic 
cataract group. The average mean wet weight of lens was 
higher in diabetic cataract lenses. As expected, random 
blood sugar was significantly higher in the diabetic cata-
ract group. Most of the diabetic cataract patient lenses 
were dark brown and light brown, whereas the non-dia-
betic group had a light brown color.

Activity of antioxidative enzymes in lenses 
and aqueous humour

The activity of SOD and GPx of cataract lenses is repre-
sented in Table 2. In the study group, significantly lower 
superoxide dismutase and glutathione peroxidase activity 
was observed in the lenses of diabetes compared to the con-
trol group.

The activity of SOD and GPx of aqueous humor is rep-
resented in Table 2. In aqueous humor, the SOD and GPx 
activity was significantly decreased in diabetic cataracts 
compared to non-diabetic cataract patients.

Concentration of advanced oxidation protein 
products in lens and aqueous humour

The level of AOPP in lens and Aqueous humor was repre-
sented in Table 2. The concentration of AOPP was signifi-
cantly higher in the lenses of cataract patients with diabetes. 
In parallel to lens AOPP concentration, the aqueous humor 
levels in diabetic cataracts were significantly increased com-
pared to the non-diabetic cataract patients.

Levels of lipid peroxidation products 
(malondialdehyde, conjugated diene, 
and 8‑isoprostaglandin‑f2α) in lens and aqueous 
humour

The estimation of MDA and CD in lenses was represented 
in Table 2. The concentration of MDA and CD was signifi-
cantly higher in the lenses of cataract patients with diabetes 
than in the control group.

Table 1  Demographical details 
and clinical characteristics 
of non diabetic and diabetic 
cataract patients for study of 
lenses

Continuous and categorical variables were presented as mean ± SD and N (%) respectively
BMI—Body Mass index, SD- Standard deviation

Non diabetic Cataract 
(N = 92)

Diabetic Cataract 
(N = 92)

p value

Sex
  Male (N)% 41 (45) 22 (24) 0.003
  Female (N)% 51 (55) 70 (76)
  Age (mean) years 63.78 ± 0.8 63.86 ± 0.9 0.952
  Mean wet weight of the lens (mg) 105 ± 3.2 111.4 ± 3.7 0.199
  BMI 23.65 ± 0.4 24.08 ± 0.3 0.491

Lens Color
  Light brown (N)% 46 (50.0) 43 (46.7) 0.008
  Pale yellow (N)% 22 (23.9) 9 (9.8)
  Dark Brown (N)% 24 (26.1) 40 (43.5)
  Random Blood Sugar (mg/dl) 112.8 ± 2.2 222.2 ± 9.2  < 0.0001
  Systolic BP (mm/Hg) 119.02 ± 8.3 122.07 ± 11.53 0.040
  Diastolic BP (mm/Hg) 79.35 ± 5.09 80.90 ± 7.99 0.100
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The estimation of MDA and CD in Aqueous humor are 
represented in Table 2. The concentration of MDA and CD 
was significantly increased in cataract patients with diabetes 
compared to the control group.

The estimation of 8-IPG-F2α in lenses and Aqueous 
humor are represented in Table 2. In contrast to the control 
group, the concentration of 8-IPG-F2α was significantly 
higher in both the lenses and aqueous humor of cataract 
patients with diabetes.

Discussion

Patients with diabetes mellitus are two to three times more 
likely to develop cataracts than their non-diabetic counter-
parts [33]; this risk may reach 15–25 times in people with 
diabetes less than 40 years of age. [34] Even impaired fasting 
glucose (IFG), a pre-diabetic condition, has been considered 
a risk factor for developing cortical cataracts [35].

Oxidative stress is assumed to play a significant role in 
cataract formation and diabetic complications. The glyco-
metabolic imbalance is a vital cataractogenic aspect in peo-
ple with diabetes. Several pathogenetic mechanisms have 
been projected to elucidate the accelerated cataractogenesis 
in diabetes. These mechanisms include the increased glyca-
tion and browning of lens crystallins and increased sorbitol-
pathway activity [36]

The standard lens is fully equipped with antioxidants to 
endeavor against oxidative stress, and it has been well rec-
ognized that free radicals damage proteins, lipids, and DNA 
under oxidative stress. Enzymatic antioxidants, namely SOD 
and GPx, battle the toxic effects of reactive oxygen species 
[37]. SOD activity was considerably decreased in lenses of 
diabetes patients, which supports the previous study done by 
Ozmen B et al. (2002) [38], which suggests that decreased 

SOD activity occurs as a result of glycation due to hypergly-
cemia[39] Concurrently in aqueous humor, we have found 
decreased SOD activity in DM patients.

Glutathione (GSH), identified to react with glycation mix-
ture extensively, prevents the formation of sugar-mediated 
protein–protein cross-linking in vitro. While GSH is the pri-
mary substrate of the enzyme GPx, the enzyme activity may 
be reduced in the lenses of diabetes patients. The results of 
our study revealed a significant decrease in glutathione per-
oxidase level in diabetic cataract lenses and aqueous humor 
in contrast to non-diabetic cataracts. These results are con-
sistent with the previous study by Emre et al.  [40], (2010). 
At the same time, GPx inactivates the H2O2 (well-known 
ROS), which is usually present in aqueous humor. The lens 
becomes more vulnerable to oxidative injury in the presence 
of pentose phosphate pathway deficiency [41]. In case of any 
oxidative stress, the pentose phosphate pathway is proficient 
at amplifying the nicotinamide adenine dinucleotide phos-
phate (NADPH) supply, which the GSH protective system 
needs. GPx reduces the oxidative damage at a cellular level 
caused under physiological conditions [42], and it can fight 
the toxic effects of hydroperoxides [43]. Further decrease in 
SOD level increases the superoxide radicals (O2‾), inactivat-
ing the enzyme GPx [44].

Our results are reliable with the previous study reports, 
and the exact mechanism can be implied. Inactivation of 
SOD and GPx enzymes may result in an elevation of the 
H2O2 and O2‾ levels in the lens, which may be account-
able for the oxidative alteration of lens protein. These results 
additionally support the idea that the inactivation of anti-
oxidative enzymes may be significant for the progress of 
diabetic complications [42, 45].

Elevated protein oxidation markers have been linked 
with cataractogenesis [46]. Increased AOPP in diabetic 
cataract patients supports the idea that the frequency of 

Table 2  SOD, GSH-Px, AOPP, MDA, Conjugated diene, 8-Isoprostaglandin  F2α activity of lenses and aqueous humor

Student’s t-test was used to compare the differences and data were described as Mean ± SD. *N = 92, #N = 35
SOD- Superoxide dismutase, GSH-Px—Glutathione peroxidsae, AOPP- Advanced oxidation protein products, MDA- Malondialdehyde

Biomarkers Lenses Aqueous humor

Diabetic Cataract Non Diabetic
Cataract

P value Diabetic Cataract Non Diabetic
Cataract

P value

SOD*
(Units/mg tissue)

2.739 ± 0.24 4.794 ± 0.30  < 0.001 0.244 ± 0.006 0.266 ± 0.005 0.038

GSH-Px*
(per Min/mg of tissue)

0.446 ± 0.02 0.562 ± 0.02 0.002 0.446 ± 0.02 19.9 ± 0.52 0.017

AOPP*
(Micro mols/ml)

0.190 ± 0.002 0.170 ± 0.002 0.0001 3.398 ± 0.21 2.697 ± 0.16 0.007

MDA* (Micro mols/g) 83.52 ± 2.89 58.84 ± 1.61  < 0.0001 116.2 ± 3.20 81.51 ± 3.51  < 0.0001
Conjugated diene* (OD at 234 nm) 0.530 ± 0.02 0.400 ± 0.02 0.001 0.359 ± 0.02 0.281 ± 0.01 0.021
8-Isoprostaglandin#F2α (pg/ml) 197.8 ± 21.43 51.69 ± 6.83 0.0001 4320 ± 496 2886.38 ± 386 0.027
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protein damage is higher in cataract patients with diabetes 
than those without diabetes. These products may promote 
the progression of microvascular damage in diabetes and 
alter the blood-ocular barrier. An increase in AOPP is also 
due to glucose oxidation and non-enzymatic glycation of 
proteins in diabetic patients. In our study, increased AOPP 
was observed in both lens and aqueous humor of diabetic 
patients compared to senile cataracts. The result supports 
the previous study done in serum by Yildrim et al. (2009) 
[47]. Higher concentrations of AOPP have been observed 
in diabetes and intensified by the glycoxidation process 
and oxidant-antioxidant imbalance. Concurrently AOPP 
has also been increased in the aqueous humor of hyper-
glycemic rabbits [48]. There is a prospect of leakage of 
protein adducts from the lens into the aqueous humor, 
increasing the level in diabetes cataract patients.

Lipid peroxidation is increased in diabetes. Malon-
dialdehyde, the breakdown product of polyunsaturated 
fatty acids under peroxidation conditions, is the standard 
marker for lipid peroxidation and has been significantly 
increased in diabetic cataract lenses. The reason may be 
hypothesized that there is overproduction of oxidants in 
the lens in a hyperglycemic state due to glucose oxidation. 
MDA levels in diabetic cataracts significantly increased 
compared to non-diabetic cataracts in both lens and aque-
ous humor. Hashim et al. (2006) [49, 50] demonstrated 
a higher MDA level in the lenses and plasma of diabetic 
patients than in non-diabetic cataract patients. Simulta-
neously, Donma et al. (2002) [51] showed an increased 
MDA level in the lenses of diabetic cataract group when 
compared to non-diabetic cataract groups, which are con-
current with our study corroborated the confirmation of a 
role for free radical-induced lipid peroxidative damage in 
the pathomechanism of diabetic cataract. Studies recom-
mend that high blood levels of MDA in patients with dia-
betes reflect similar increases at the aqueous humor level. 
Costagliola et al. (1988) [52] established that MDA levels 
in the lenses of patients with diabetes were approximately 
twice as high as controls.

Many studies have found a distinct accumulation of con-
jugated diene in the lenses of cataract patients. Babizhayav 
(1989) [53] and Chang et al.  (2013) [54] have reported 
elevated accumulation of conjugated diene in the lenses 
and serum of cataract patients, respectively. CD levels were 
high in the early progressive stage of cataract, and this diene 
act as an initiating factor that later propagates and affects 
the lens [55]. In our study, the levels of CD were found 
to be higher in diabetic cataracts than senile cataracts in 
both samples lens and aqueous humor. Mooradian D (1991) 
[58], in a study on diabetes mellitus, determined that CD 
may have a pathogenetic role in diabetes-related difficulties. 
The excess of glucose causes overproduction of oxidants in 
the lens, mainly in auto-oxidative reactions and overloaded 

mitochondria [56], and intensifies the Lipid peroxidation as 
confirmed by higher levels of conjugated diene [57].

F2-isoprostanes are prostaglandin derivatives, and these 
are formed by free-radical-catalyzed peroxidation of arachi-
donic acid, which resides on the cell membrane of phospho-
lipids. These compounds are bioactive and may be accounta-
ble for the unfavorable effects of oxidative stress. 8-IPG-F2α 
is a primary F2- isoprostane; presently, it is one of the most 
reliable in vivo lipid peroxidation and oxidative stress [59]. 
Levels of isoprostanes have an extensive daily difference in 
their secretion in plasma, creatinine, and aqueous humor in 
humans. These compounds are found in augmented concen-
trations in different pathophysiological states [60].

The current study revealed that the levels of 8-IPG-F2α 
were significantly increased in the diabetic cataract patients 
as contrasted to non-diabetic cataract patients in both lens 
and aqueous humor due to the interaction of the polyol path-
way with other metabolic pathways resulting in an increase 
in the enzyme Phospholipase A2 and further damage to 
lens structures. Due to phagocytic changes in hyper mature 
cataracts, there is a leakage from the lens to aqueous humor 
leading to the increased production of 8-IPG-F2α in diabetic 
cataract subjects. These results corroborate the evidence of 
a role for free radical encouraged lipid peroxidative damage 
in the pathophysiology of diabetic cataracts. It is in harmony 
with the study performed by Montuschi et al. [61], in which 
it was revealed that the mean concentration of 8-IPG-F2α 
in aqueous humor from patients with exfoliation syndrome 
and cataracts was approximately five times higher than that 
deliberated in the aqueous humor from control cataract 
patients.

The ability of 8-IPG-F2α to alter the integrity of neuro-
transmitter pools contributes pathways and new potential 
target sites for the treatment of degenerative ocular dis-
eases. Isoprostanes can elicit both inhibitory and excitatory 
effects on norepinephrine (NE) release from sympathetic 
nerves in isolated mammalian iris ciliary bodies, and its 
effect is blocked by the thromboxane receptor (TP) antago-
nist SQ-29548, considering that TP receptors mediate the 
mechanisms of 8-IPG-F2α [62]. In contrast, isoprostanes 
attenuate dopamine release from the in-vitro mammalian 
neural retina, suggesting that these novel arachidonic acid 
metabolites exhibit a biphasic regulatory effect on gluta-
mate release from the retina. They can regulate amino acid 
neurotransmitter metabolism without inducing cell death in 
the retina [63].

Diabetes mellitus considerably impacts the cornea's 
metabolic, morphological, physiological, and clinical 
properties. The corneal abnormalities, generally termed 
diabetic keratopathy, are present in more than 70% of dia-
betic patients [64] and include clinically detectable changes 
such as increased epithelial fragility and recurrent ero-
sions [65], reduced corneal sensitivity,[66–69], increased 
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autofluorescence, [70] impaired wound healing [71], altered 
epithelial and endothelial barrier functions [72], and predis-
position to corneal edema [73] and infectious ulcers [65–68].

It has been reported that a higher percentage of corti-
cal opacities in people with diabetes in contrast to non-
diabetic as documented by Scheimpflug photography and 
densitometric analysis [74]. It has been found that a two-
fold higher incidence of cortical cataracts in subjects with 
diabetes mellitus over five years and posterior subcapsular 
cataracts were more frequent in diabetic patients [35].

Hyperglycemia is the main reason for transient refrac-
tive changes in diabetic patients. The refractive changes 
observed during periods of unstable blood sugar are 
related to both morphologic and functional changes in the 
crystalline lens [75].

In our study, the Superoxide dismutase and Glutathione 
Peroxidase activity were significantly reduced in diabetic 
patients compared to non-diabetic patients in both lenses 
and aqueous humor. Malondialdehyde, Conjugated Diene, 
and 8-IPG-F2α levels significantly increased in diabetic 
patients compared to non-diabetic, and advanced oxidation 
protein product levels also significantly increased in dia-
betic patients compared to non-diabetics in both lenses and 
aqueous humor. The current study suggested that oxidative 
stress and Lipid per-oxidation have an imperative role in 
the diabetic-related complication, specifically in the lens, 
may have a responsibility in the pathomechanism of early 
onset of cataracts coupled with diabetes mellitus.

The study's main limitation is that a cataract-free con-
trol group is not included, which limits the study of the 
pathomechanism of senile cataracts in diabetic patients. 
This current study only included cataract patients with 
age group ≥ 40 years. So there may be a chance to avoid 
limitations for the early onset of diabetic cataracts.

Conclusion

In conclusion, our findings specify that free radical action 
jointly with a depleted antioxidant defense system may 
represent significant molecular mechanisms in developing 
diabetic cataracts. Future research is necessary to advance 
understanding these mechanisms to clarify the pathogen-
esis of diabetic cataracts as the first step towards develop-
ing precise treatment approaches in the future.
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