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INTRODUCTION
In diabetic patients, cataracts can develop ten years 
earlier than in patients without diabetes.1 The patho-
genesis pathways that contribute to the cataractogenesis  
in diabetic conditions are the polyol pathway (also 
called as aldose reductase or sorbitol pathway), non-
enzymatic glycation pathway, oxidative stress pathways,  
unfolded protein response (UPR) and apoptotic path-
ways. The polyol pathway activates oxidative stress 
and hyperglycemia increases the occurrence of protein 
glycosylation and free radical formation. Importantly, 
oxidative stress can trigger the UPR which can lead 
to decrease of lens antioxidants such as glutathione 
thereby increasing the formation of Reactive Oxygen 
Species (ROS).1,2

The Blue Mountain Study suggested that there is a 
relationship between cataracts and nutrients including  
macronutrients, micronutrients and antioxidant vitamins.  
The study with 2900 populations in Australia within 
a 49-97 years age range showed that a high niacin 
intake could decrease the prevalence of cataracts with 
odds ratio 0.6 (95% CI, 0.4-0.9).2 Niacin, also known  
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as nicotinic acid is part of the chemical structure of 
coenzymes nicotinamide adenine nucleotide (NAD) 
and nicotinamide adenine dinucleotide phosphate 
(NADP). Enzymes that require NAD/NADP are 
involved in various processes such as oxidation and  
reduction reactions in energy production, cholesterol  
metabolism, fatty acid oxidation, glucose degradation,  
the pentose phosphate pathway, amino acid synthesis  
and degradation, resistance to pathogenic bacteria,  
GSH regeneration from GSSG and synthesis of  
glucocorticoids and sex hormones.3

We hypothesized that niacin can delay the onset of 
diabetic cataract. Therefore, in the present study, we 
examined the possible protective effect of nicotin-
amide against oxidative damage, in terms of lipid 
peroxidation (MDA level measurement), protein 
oxidation (protein carbonyl content measurement) 
and endoplasmic reticulum stress (glucose reactive 
protein/GRP measurement) in the high glucose 
treated human lens epithelial cell culture. The results 
demonstrated that nicotinamide can protect against  
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damage in proteins, lipids and oxidative stress in the endoplasmic reticulum  
(ER). The inhibitory effect seems to be more pronounced against  
oxidative stress in the ER. 

MATERIALS AND METHODS
Cell culture and treatments
Human lens epithelial (HLE-B3) cell line was purchased from ATCC 
(Manassas, VA) and stock cultures were maintained in EMEM medium 
(Gibco) supplemented with 20% FBS, penicillin (50 U/mL) and strep-
tomycin (50 U/mL) at 37°C in the presence of 5% CO2. 5x104 cells were 
seeded into 24 well plates for overnight in EMEM medium containing  
10% FBS and treated with 25 mM glucose and co-treated with five different  
doses of niasin (12.5, 25, 50, 100, 200 μM) and harvested after 72 h.

MDA analysis
After 72 h with exposure to high glucose (25 mM) and co treated with  
five different doses of niacin (12.5, 25,50,100, 200 μM), cells were harvested  
and lysed and then centrifuged at 10000 rpm for 2-3 min. The protein  
were isolated from culture cell and protein concentrations were measured  
using the nanodrop protein methods and followed MDA determination  
(TBARS methods) using commercial assay kits according to the manu-
facturer’s instruction (Life Science Specialties, LCC). The absorbance 
was measured at 532 nm using spectrophotometer.

ELISA Protein Carbonyl Content (PCC) and Glucose Reac-
tive Protein (GRP 78) analysis
In separate experiment, cells were harvested, and the cell lysate was col-
lected for ELISA Protein Carbonyl Content (PCC) Analysis (MyBio-
Source) and ELISA Glucose Reactive Protein (GRP78/BiP) Analysis 
(MyBioSource) using commercial assay kits according to the manu-
facturer’s instruction. Protein concentrations were measured using the 
nano drop protein methods and followed PCC and GRP determination 
(ELISA). The absorbance was measured at 532 nm using spectropho-
tometer.72 h.

Statistical analysis
One-way ANOVA or Kruskal Wallis was used for testing statistical signi
ficance between groups. The data normality was tested with Saphiro Wilk 
and Levene’s test was used for testing homogenity of the data between 
groups. p<0.05 was considered significant.All data were dealt by SPSS 
18.0 statistical package. 

RESULTS
Based on Figure 1, It can be seen that the highest average MDA rate is in 
the K + group (1.58 ± 1.112) and the lowest average MDA rate is in the 
group treated with high glucose and niacin 100 μm (0.05 ± 0.039). Based 
on the average, there is a difference of mean MDA rate between each 
group. This study proved that high glucose was promoted the increasing 
of MDA level in the lens cells (K+). In P1, P3 and P5 treatment of Niacin, 
the average of MDA level almost similar with a control group and in P2 
and P4 treatment of niacin, the average MDA level lowest than a control 
group. 
Based on Figure 2, It can be seen that the highest average PCC rate is in 
the K + group (1.23 ± 0.265) and the lowest average PCC rate is in the 
group treated with high glucose and niacin 100 μm (0.730 ± 0.054). This 
study proved that high glucose was promoted the increasing of PCC level 
in the lens cells (K+). In P1, P2, P3 of Niacin, the average of PCC level 
almost reach the average of a control group and in P4 treatment of niacin 
(100 μm), the average PCC level lowest than a control group

Figure 1: Administration of niacin were decreased the stress oxidative 
level (MDA) that produce by human lens epithelial cells in high glucose 
level. Data were analyzed using MDA TBars-methods and tabulated into 
Microsoft excel. Data are mean ± SD values of each group with three repli-
cation. K- : control group (no glucose no treatment), K+ : Lens epithel cells 
culture with high glucose (25 mM) ; P1 : Lens epithel cells culture with 
high glucose cotreated with niasin 12.5 μM; P2 : Lens epithel cells culture 
with high glucose cotreated with niasin 25 μM; P3 : Lens epithel cells cul-
ture with high glucose cotreated with niasin 50 μM; P4: Lens epithel cells 
culture with high glucose cotreated with niasin 100 μM; P5 : Lens epithel 
cells culture with high glucose cotreated with niasin 200 μM

Figure 2: Administration of niacin were decreased the stress oxidative 
level in the protein carbonyl content (PCC) that produce by human lens 
epithelial cells in high glucose level. Data were analyzed using Human 
ELISA PCC and tabulated into Microsoft excel. Data are mean ± SD val-
ues of each group with three replication. K: control group (no glucose 
no treatment), K+: Lens epithel cells culture with high glucose; P1: Lens 
epithel cells culture with high glucose cotreated with niasin 12.5 μM; P2: 
Lens epithel cells culture with high glucose cotreated with niasin 25 μM; 
P3: Lens epithel cells culture with high glucose cotreated with niasin 50 
μM; P4: Lens epithel cells culture with high glucose cotreated with niasin 
100 μM; P5: Lens epithel cells culture with high glucose cotreated with 
niasin 200 μM.

This next step was to evaluate the endoplasmic reticulum stress marker 
(GRP78/BiP) induced by high glucose. We observed that the average 
of GRP level in Figure 3 increase after exposed with high glucose (K+) 
comparing with the control group (K-) (0.202 ± 0.02 vs 0.129±0.02). In 
P1 treatment of niacin (50 μm), the average of GRP level almost reach 
the average of a control group. 

DISCUSSION
Lens epithelial cells maintain the normal metabolism and keep the lens 
clear. The oxidative stress reaction that is induced by high glucose can 
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increase ROS and development of the cataract. In this study, we found 
that high concentration of glucose can induce oxidative stress in the  
endoplasmic reticulum, increase lipid peroxidation and protein oxidation  
in the human lens epithelial cells.
The data in Figure 1 show that the MDA levels increased after high  
glucose administration relative to those in the control group (p<0.05). 
Further, the groups that were co-treated with niacin showed decrease in 
the MDA levels for all doses of niacin and the lowest mean MDA level  
was obtained for the 100 μM niacin dose. Moreover, the data in Figure 2  
show an increase in the protein oxidation level after high glucose admin-
istration as compared with the control group and a decrease in the PCC 
levels in the groups that were co-treated with niacin with the lowest mean 
PCC level at a dose of 100 μM niacin. Although these data do not show 
any significant differences between groups, the decrease of the PCC level 
can be clearly seen in the Figure 2. 
The study by Kamat and Devasagayam4 demonstrated the effect of nico-
tinamide in the rat brain mitochondria by showing that nicotinamide 
significantly inhibited both lipid peroxidation and protein oxidation in 
the ascorbate–Fe2+ system in the rat brain mitochondria. Clearly, these 
results are consistent with our results. 
Niacin cannot be directly transformed into nicotinamide, but it acts as a 
precursor for NAD and NADP coenzyme in vivo.5 NAD is transformed 
into NADP through a phosphorylation process in the presence of NAD+  
kinase enzyme. Notably, NADP and NAD function as coenzymes for  
various dehydrogenation reactions and are also involved in some hydrogen  
transfer processes. While NAD is very important in terms of the catabo-
lism of fats, carbohydrates, proteins, alcohol and also for cell signaling 
and DNA repair; NADP, on contrary, is important in anabolic reactions 
such as fatty acids and cholesterol synthesis.6 Niacin, a precursor for 
NAD and NADP, is also involved in DNA repair processes.3,7 NAD+ and 
NADP+ play a key role as electron carriers in energy transfer. NADH is 
a reduced form of NAD+, while NADPH is a reduced form of NADP+.

Many enzymes require the niacin derived coenzymes NAD and NADP. 
In NAD+ synthesis, nicotinamide joins with ribose and ADP to form 
NAD+. The addition of two phosphate groups to the two positions of 
the adenyl nucleotide in NAD+ via an ester linkage forms NADP+. Also, 
NAD (and niacin) can also be synthesized in the liver from the amino 
acid tryptophan.8,9 Moreover, NADPH serves as a reducing agent to 
regenerate antioxidant systems such as thioredoxins and glutathione. In 
turn, to maintain cellular NADP in a reduced state, dedicated systems 
such as glucose-6-phosphate dehydrogenase in the cytosol and isocitrate 
dehydrogenase 2 in the mitochondria are upregulated upon oxidative 
assaults.10

In the diabetic condition, the concentration of glucose in lens cell is 
too high. Hence, glucose is converted into sorbitol, with the help of the 
enzyme aldose reductase, followed by its oxidization to fructose. Further, 
activation of polyol pathways causes increased glucose metabolism to 
sorbitol with the help of the aldose reductase enzyme and consumes the 
NADPH cofactor. The role of NADPH as a cofactor for the conversion 
of glucose to sorbitol may compete with its function in the conversion of 
oxidized glutathione (GSSG) to reduced glutathione (GSH). Therefore,  
the addition of niacin in this study was expected to maintain the synthesis  
of NADP and NADPH through the pentose-phosphate pathway so that 
the NADPH cofactors necessary for GSH regeneration remain available 
in sufficient quantities.
In the next experiment, we measured the Glucose Reactive Protein  
(GRP) level. Glucose Reactive Protein is a marker of endoplasmic reticulum  
stress. The data in Figure 3 show that the GRP levels increased after high 
glucose administration as compared with the control group. Further, 
in the groups that were co-treated with niacin, GRP levels significantly 
decreased for 12.5 μM and 100 μM niacin doses (p<0.05) as compared 
with the group that was treated only with high glucose. 
The endoplasmic reticulum (ER) stress can activate the UPR and the 
UPR activation pathway of the lens can mediate UPR specific translation 
activation. The production of ATF6 (N) and XBP1 can alter the fibrous 
cell transcription program by upregulatinggenes involved in the folding 
process in ER Then, the biogenesis of ERin the lens fiber cells can cause  
degradation of the nucleus and cytoplasmic organelles.11-13 PKR-like  
ER kinase (PERK) which mediates translation, can regulate lens cell  
differentiation by decreasing the synthesis of crystalline and specific 
fiber cell proteins that are required for cell differentiation.
The UPR is closely related to the presence of osmotic and oxidative stress 
in the lens. Mulhern et al. conducted a series of studies to reveal this 
relation. In epithelial cultures of lenses on a Minimal Essential Medium 
(MEM) and mannitol, the Aldose Reductase Inhibitor (ARI) levels (as 
the osmotic stress marker) and GRP78/BiP levels (as the UPR marker) 
increased. This suggests that the induction of UPR and aldose reductase  
(AR) is the result of extracellular osmotic stress in the lens epithelial  
culture. Furthermore, UPR can be induced by oxidative stress, as demon-
strated by exposure of epithelial lens cells to H2O2, leading to increased 
cell death and GRP78/BiP levels in a time- and concentration-dependent 
manner.14

CONCLUSION
Niacin is useful as precursor of NAD and NADP and a natural antioxi-
dant. It can protect the lens from cataractogenesis that may occur due to 
increased generation of ROS in the lens epithelial cells under hypergly-
cemic conditions.
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Figure 3: Administration of niacin were decreased the reticulum en-
doplasmic stress oxidative level (Glucose Reactive Protein/GRP) that 
produce by human lens epithelial cells in high glucose level. Data were 
analyzed using MDA TBars-methods and tabulated into Microsoft excel. 
Data are mean ± SD values of each group with three replication. K: con-
trol group (no glucose no treatment), K+: Lens epithel cells culture with 
high glucose; P1: Lens epithel cells culture with high glucose cotreated 
with niasin 12.5 μM; P2: Lens epithel cells culture with high glucose co-
treated with niasin 25 μM; P3: Lens epithel cells culture with high glucose 
cotreated with niasin 50 μM; P4: Lens epithel cells culture with high glu-
cose cotreated with niasin 100 μM; P5: Lens epithel cells culture with high 
glucose cotreated with niasin 200 μM.
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ABBREVIATIONS
ELISA: Enzyme-linked immunosorbent assay; GRP78: Glucose Reactive  
Protein; MDA: Malondialdehyde; NAD: Nicotinamide Adenine Nucleotide;  
NADP: Nicotinamide Adenine Dinucleotide Phosphate; PCC: Protein 
Carbonyl Content; ROS: Reactive Oxygen Species.
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GRAPHICAL ABSTRACT SUMMARY

•  The effect of niacin were evaluated on the hyperglycemia-induced osmotic 
stress and oxidative stress in human lens epithelial cells. The level of MDA, 
PCC and GRP were measured using TBARS analysis (MDA) and ELISA (PCC 
and GRP). The MDA levels increased significantly after high glucose adminis-
tration in the control group (p<0.05). There was a decrease in the PCC levels 
for all doses, whereas the lowest mean PCC level was observed at a 100 μM 
niacin dose. The GRP levels increased after high glucose administration as 
compared with the control group. Also, the groups that were co-treated with 
niacin exhibited statistically significant reduction. Our findings suggest that nia-
cin can inhibit the osmotic stress and oxidative stress which may lead to the 
progression of a diabetic cataract. It may maintain lens transparency by acting 
as a precursor for glutathione biosynthesis and an antioxidant. 
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