[STANBUL

UNIVERSITY
PRESS

RESEARCH / ARASTIRMA
DOI: 10.26650/IUITFD.1073100
ist Tip Fak Derg 2022 / J Ist Faculty Med 2022

THE EFFECTS OF ALPHA LIPOIC ACID ON LENS INJURY IN RATS
ADMINISTERED WITH VALPROIC ACID

VALPROIK ASIT UYGULANAN SICANLARDA ALFA LIPOIK ASIDIN LENS HASARI

UZERINE ETKILERI

Yesim OZTAYLAN' (), ismet Burcu TURKYILMAZ'

, Refiye YANARDAG'

"Istanbul University-Cerrahpasa, Faculty of Engineering, Department of Chemistry, Istanbul, Turkiye

ORCID IDs of the authors: Y.0. 0000-0002-2051-4098; i.B.T. 0000-0003-2789-5943; R.Y. 0000-0003-4185-4363

Cite this article as: Oztaylan Y, Turkyilmaz IB, Yanardag R. The effects of alpha lipoic acid on lens injury in rats administered with
valproic acid. J Ist Faculty Med. Advance Online Publication. doi: 10.26650/IUITFD.1073100

ABSTRACT

Objective: Valproic acid (2-propyl valeric acid; VPA) is an effec-
tive short-chained fatty acid which is used for the treatment of
migraine and schizophrenia. Though it provides effective treat-
ment, its side effects are associated with free radicals and in this
way it affects many organs and tissues. Alpha lipoic acid (ALA) is
known to be a powerful antioxidant.

Material and Methods: The aim of this current study was to
investigate the protection of ALA on VPA induced lens injury.
Female rats were split into four groups as follows: 1% group,
control animals (corn oil per day for 15 days); 2™ group, ALA
administered group (50 mg per kg each day for 15 days); 3¢
group, VPA administered group (500 mg per kg each day for 15
days) and 4" group, VPA and ALA administered group to which
the same dose was given at the same time each day. On the 16"
day, lens tissues were taken.

Results: Lens glutathione levels and glutathione-S-transferase
activities were decreased while lipid peroxidation and protein
carbonyl levels, superoxide dismutase, glutathione peroxidase
and reductase, aldose reductase and sorbitol dehydrogenase
activities were elevated after VPA administration. ALA reversed
these levels and activities in the VPA group.

Conclusion: We can conclude that ALA used its antioxidant
property and ameliorated VPA induced lens injury.

Keywords: Valproic acid, alpha lipoic acid, lens tissue, oxidative
stress

OZET

Amag: Valproik asit (VPA) kisa zincirli bir yag asididir ve migren
ile sizofreni tedavisinde kullanilir. Tedavi edici etkilerinin olmasi-
na ragmen, bu ilacin yan etkileri serbest radikaller ile iligkilidir ve
bu yol ile bircok organ ve dokuyu etkilemektedir. Alfa lipoik asit
(ALA), gclu bir antioksidandir.

Gereg ve Yontem: Bu ¢calismada, ALA'in VPA ile olusturulan lens
hasar Uzerine koruyucu etkileri arastirldi. Disi sicanlar dért gru-
ba aynldi: 1. grup, kontrol hayvanlari (15 giin boyunca her giin
misir 6zU yagi verildi); 2. grup, ALA verilen grup (15 giin boyunca
her gin 50 mg/kg verildi); 3. grup, VPA uygulanan grup (15 giin
boyunca her glin 500 mg/kg uyguland), 4. grup; Her gin ayni
saatte ve dozda VPA ile ALA uygulanan grup, 16'inci glinde, lens
dokulari alindi.

Bulgular: VPA uygulanmasindan sonra, lens glutatyon dizey-
leri ve glutatyon-S-transferaz aktiviteleri azalirken lipid perok-
sidasyonu ve protein karbonil seviyeleri, siperoksit dismutaz,
glutatyon peroksidaz ve redlktaz, aldoz rediiktaz ve sorbitol
dehidrojenaz aktiviteleri artis gosterdi. ALA, VPA grubundaki
bu seviyeleri ve artiglar tersine cevirdi.

Sonug: ALA'in antioksidan &zelligini kullandigi ve VPA ile olustu-
rulan lens hasarini iyilestirdigi sonucuna varlmistir.

Anahtar Kelimeler: Valproik asit, alfa lipoik asit, lens dokusu, ok-
sidatif stres
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INTRODUCTION

Valproic acid (VPA) is a short-chained and branched fat-
ty acid having the chemical formula of “2-propyl valeric
acid”. It is derived from valeric acid which exists in Va-
leriana officinalis and was synthesized in the late 19*"
century by Burton (1). Nowadays, this molecule is used
and widely preferred due to its anticonvulsant effect in
the treatment of many seizures such as complex partial/
tonic-clonic, depression, strong headaches like migraine,
and schizophrenia (2-4). Despite its protective and pre-
ventive effects, VPA has been declared to have many se-
rious side effects and this drug has taken the lead in the
formation and construction of free radical species which
damage many tissues and organs like heart, lung, liver,
brain, testis, etc. (5-8).

Researchers have been trying to eliminate the harmful
effect of VPA by using different protective agents. One
of the solutions was put forward by Sokmen et al. and
this involved using a sulphur containing compound like
S-methyl methionine sulfonium chloride (MMSC), also
known as Vitamin U and a powerful antioxidant. This was
then proven to be effective by Gezginci-Oktayoglu et al.
and Oztay et al. (9-11).

Based on this approach, we used alpha lipoic acid (ALA)
in our study. ALA occurs in many types of nutrition such as
meat and green vegetables (12). This sulphur containing
compound has a unique structure in that it carries lipid
while at the same time having water-soluble properties
(13). ALA has a stimulant effect on insulin-sensitive cells,
thereby facilitating glucose uptake. It has a stabilizing ef-
fect on cell redox system, proteins and some molecules
such as glutathione (14). In addition, ALA has been de-
scribed as being involved in the most important energy
production pathway, the Krebs cycle, where ALA plays a
vital role as a coenzyme assisting in the transfer of acyl
groups (15). Its protective effects on different systems
of VPA and a-cypermethrin have been reported by many
researchers, respectively (7, 16, 17).

The lens has a special closed system and is well de-
signed for transmitting light. Itis made up of proteins at
a much higher level when compared with other organs
(18). In the crystalline structure of proteins, many cyste-
ine residues are found (19). The biological composition
of these crystalline structures are sometimes affected by
free radical attacks, and as a result become damaged by
processes such as oxidation (20). Moreover, VPA affects
the lens by increasing free radical levels. It may lead to
cell death since it affects glucose levels and forms hy-
poxia in human epithelial cells (21-23).

In the light of this, the aim of our study was to investi-
gate the protection provided by ALA in VPA induced lens
injury.

MATERIAL AND METHODS

Animals

The rats were supplied by the Experimental Animal Im-
plementation and Research Centre, DEHAMER, Marmara
University. Ethical approval was obtained from the Mar-
mara University Animal Care and Use Committee (Date:
23.03.2015, No: 34.mar). Female Sprague-Dawley rats (6
months old) were used. The animals received standard
food as pellets. They had access to tap water ad libitum.

Experimental procedures

The Sprague-Dawley rats were split into four groups. The
1%t group consisted of control animals which received corn
oil; the 2" group consisted of animals which received ALA
(50 mg per kg); the 3 group included animals to which
VPA (0.5 g per kg) was administered; and the 4" group
incluced animals which received ALA (50 mg per kg) 60
minutes prior to the VPA administration (0.5g per kg). Corn
oil and ALA were applied by gavage technique while VPA
was applied intraperitoneally for 15 days. On the last day
of experiment, all animals fasted overnight after which
blood was taken from their hearts using a sterile injector.
Their lens tissues were collected. The lens tissues were
homogenized in physiological saline (0.9% NaCl) for the
preparation of 10% (w/v) homogenate. The homogenates
were centrifuged at 10000 x g at +4°C for 10 minutes and
supernatants were used for the analysis.

Biochemical analyses

In clear supernatants, reduced glutathione (GSH), lipid
peroxidation (LPO) and protein carbonyl (PC) levels were
taken according to Beutler, Ledwozyw et al. and Levine
et al. (24-26). Glutathione-S-transferase (GST), superoxide
dismutase (SOD), glutathione peroxidase (GPx) and glu-
tathione reductase (GR) activities were performed using
the methods of Habig and Jakoby, Mylroie et al., Wendel,
and Beutler (27-30). The lens marker enzymes aldose re-
ductase (AR) and sorbitol dehydrogenase (SDH) were de-
termined as per the methods of Hayman and Kinoshita,
and Barretto and Beutler (31, 32). All the levels and enzyme
activities were recorded according to the protein levels of
the lens with reference to Lowry et al. (33).

Statistical analyses

Statistical analysis of biochemical results was performed
via GraphPad Prism 6.0 (GraphPad Software, San Diego,
California, USA). The values were expressed as means +
standard deviation (SD). The results were evaluated using
an unpaired t-test and analysis of variance (ANOVA) fol-
lowed by Tukey's multiple comparison tests. The value of
p<0.05 was considered statistically significant.

RESULTS

The lens GSH levels are shown in Figure 1. VPA admin-
istration decreased GSH levels in the control group in a
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significant manner (p<0.01). ALA significantly reversed
this level in the VPA group (p<0.01) (Figure 1).
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Figure 1: The lens GSH levels of control and experimental

groups

GSH: reduced glutathione, ALA: alpha lipoic acid, VPA: valproic acid,
Control group: received corn oil, ALA group: received alpha lipoic acid
(50 mg per kg), VPA group: administered VPA (0.5 g per kg), VPA+ALA
group: received ALA (50 mg per kg) 60 minutes prior to the VPA
administration (0.5 g per kg). Each column represents the mean=SD.
*p<0.01 vs control group; **p<0.01 vs VPA group.

The lens LPO levels are presented in Figure 2. Accord-
ing to the results, LPO levels of the VPA group were found
to be increased significantly as compared to the control
group (p<0.0001). Administration of ALA significantly de-
creased this level in the VPA group, (p<0.0001) (Figure 2).
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Figure 2: The lens LPO levels of the control and
experimental groups

LPO: lipid peroxidation, ALA: alpha lipoic acid, VPA: valproic acid, Control
group: received corn oil, ALA group: received alpha lipoic acid (50 mg per
kg), VPA group: administered VPA (0.5 g per kg), VPA+ALA group:
received ALA (50 mg per kg) 60 minutes prior to the VPA administration
(0.5 g per kg). Each column represents the mean+SD. *p<0.0001 vs
control group; **p<0.0001 vs VPA group.

The lens PC levels are given in Figure 3. VPA significantly
increased the PC levels of the control groups (p<0.01). In the
VPA+ALA group, this level was reversed in a significant man-
ner as compared to the VPA group (p<0.0001) (Figure 3).
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Figure 3: The PC levels of the control and experimental
groups

PC: protein carbonyl, ALA: alpha lipoic acid, VPA: valproic acid, Control
group: received corn oil, ALA group: received alpha lipoic acid (50 mg per
kg), VPA group: administered VPA (0.5 g per kg), VPA+ALA group:
received ALA (50 mg per kg) 60 minutes prior to the VPA administration
(0.5 g per kg). Each column represents the mean+SD. *p<0.01 vs control
group, **p<0.0001 vs VPA group.

The lens GST activities can be seen in Figure 4. ALA sig-
nificantly decreased GST activities of the control group
(p<0.001). Administration of VPA resulted in a diminish-
ment in GST activities in the control group which was
statistically significant (p<0.0001). In the VPA+ALA group,
this activity was reversed as compared to the control
group (p<0.0001) (Figure 4).
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Figure 4: The GST activities of the control and
experimental groups

GST: glutathione-S-transferase, ALA: alpha lipoic acid, VPA: valproic acid;
Control group: received corn oil, ALA group: received alpha lipoic acid (50
mg per kg), VPA group: administered VPA (0.5 g per kg), VPA+ALA group:
received ALA (50 mg per kg) 60 minutes prior to the VPA administration
(0.5 g per kg). Each column represents the mean+SD. *p<0.001 vs control
group; **p<0.0001 vs control group; ***p<0.0001 vs VPA group.
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The lens SOD activities are shown in Figure 5. An eleva-
tion in SOD activities was observed in the VPA group as
compared to the control group (p<0.01). Administration
of ALA reversed the activities of the VPA group which
was statistically significant (p<0.001) (Figure 5).
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Figure 5: The SOD activities of the control and

experimental groups

SOD: superoxide dismutase, ALA: alpha lipoic acid, VPA: valproic acid,
Control group: received corn oil, ALA group: received alpha lipoic acid
(50 mg per kg), VPA group: administered VPA (0.5 g per kg), VPA+ALA
group: received ALA (50 mg per kg) 60 minutes prior to the VPA
administration (0.5 g per kg). Each column represents the mean=SD.
*p<0.01 vs control group; **p<0.001 vs VPA group.

The lens GPx activities are shown in Figure 6. Accord-
ing to the results, a significant elevation was observed
after ALA and VPA administration to the control group
(p<0.01, p<0.001) respectively. These activities were sig-
nificantly reversed in the VPA+ALA group as compared
to the VPA group (p<0.0001) (Figure 6).
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Figure 6: The GPx activities of the control and
experimental groups

GPx: glutathione peroxidase, ALA: alpha lipoic acid, VPA: valproic acid,
Control group: received corn oil, ALA group: received alpha lipoic acid (50
mg per kg), VPA group: administered VPA (0.5 g per kg), VPA+ALA group:
received ALA (50 mg per kg) 60 minutes prior to the VPA administration
(0.5 g per kg). Each column represents the mean=SD. *p<0.01 vs control
group; **p<0.001 vs control group; ***p<0.0001 vs VPA group.

The lens GR activities are seen in Figure 7. The GR activ-
ities of the VPA group were recorded as being elevated
as compared to the control group (p<0.05). These activ-
ities were found to be significantly decreased after ALA
administration to the VPA group (p<0.05) (Figure 7).
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Figure 7: The GR activities of the control and experimental
groups

GR: glutathione reductase, ALA: alpha lipoic acid, VPA: valproic acid,
Control group: received corn oil, ALA group: received alpha lipoic acid
(50 mg per kg), VPA group: administered VPA (0.5 g per kg), VPA+ALA
group: received ALA (50 mg per kg) 60 minutes prior to the VPA
administration (0.5 g per kg). Each column represents the mean=SD.
*p<0.05 vs control group; **p<0.05 vs VPA group.

The lens AR activities are presented in Figure 8. AR activ-
ities were increased after VPA administration to the con-
trol group which was statistically significant (p<0.0001).
ALA significantly reversed these activities in the VPA
group (p<0.05) (Figure 8).
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Figure 8: The AR activities of the control and experimental
groups

AR: aldose reductase, ALA: alpha lipoic acid, VPA: valproic acid; Control
group: received corn oil, ALA group: received alpha lipoic acid (50 mg per
kg), VPA group: administered VPA (0.5 g per kg), VPA+ALA group:
received ALA (50 mg per kg) 60 minutes prior to the VPA administration
(0.5 g per kg). Each column represents the mean=SD. *p<0.0001 vs
control group; **p<0.05 vs VPA group.
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The lens SDH activities are given in Figure 9. After VPA
administration, SDH increased in the control group

which was  statistically significant (p<0.01). ALA insignifi-
cantly decreased these activities of the VPA group.
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Figure 9: The SDH activities of the control and

experimental groups

SDH: sorbitol dehydrogenase, ALA: alpha lipoic acid, VPA: valproic acid,
Control group: received corn oil, ALA group: received alpha lipoic acid
(50 mg per kg), VPA group: administered VPA (0.5 g per kg), VPA+ALA
group: received ALA (50 mg per kg) 60 minutes prior to the VPA
administration (0.5 g per kg). Each column represents the mean=SD.
*p<0.01 vs control group.

DISCUSSION

The main function of the lens is the transmission and
focusing of light onto the retina. This high-speed trans-
mission requires the highest protein levels (34). Due to
the function of the eye being related to light, all layers
of an eye, including the lens, are open to being affect-
ed by the presence of oxygen (35). This means that the
lens layer is susceptible to damage induced by reactive
oxygen species (ROS) . In addition, VPA has been widely
described as having a triggering effect on free radicals in
many tissues including lens tissue (5, 22, 36).

The lens has been documented as evolving an anaerobic
biological system by consisting of glutathione at mM lev-
els (37). The protective effect of GSH is essential for GPx
activity, and in general for protection of protein structure
against oxidant molecules (38). When GSH is oxidized by
the presence of free radicals, it will transform into oxi-
dized glutathione (GSSG). Their transformation should
be kept under strict regulation because lens membrane
is capable of permitting GSSG while it is impermeable
to GSH (38). Besides, lens crystallin consists of many cys-
teine residues and Lou reported that their connection
with GSH might be initially protective (39). In this study,
GSH levels decreased in the lenses of VPA treated rats,
probably due to the free radical triggering effect of VPA.
Reduced form of ALA (dihydrolipoic acid) helps convert

cystine to cysteine. The decreased GSH level of the VPA
group may have been increased in the VPA+ALA group
owing to effects of ALA on the conversion of cystine to
cysteine (a substrate for GSH synthesis) (40, 41).

Moreover, a diminishing tendency of GSH levels via VPA
affected the membrane stability and protein structure
by increasing LPO and PC levels. This is because amino
acids like cysteine and tyrosine and other proteins are
responsible for the prevention of excess oxygen derived
metabolites (38). In addition, VPA has been referred to
as increasing LPO and PC levels in the lens by affecting
membrane and protein composite (22). ALA reversed
these levels in VPA administered rats. In addition to the
radical scavenging activity of ALA, the ameliorative prop-
erty of ALA has been described by Neal et al. as having
an elevator effect on cystine levels which can be related
to protein stabilization (23).

GSH-based redox systems in the lens carry a great im-
portance due to high protein levels and a necessity of
their thiol group stabilization (42). Likewise, GST, GPx, GR
and SOD are important antioxidant enzymes in metab-
olism and, according to research , lens tissue hosts GPx
and SOD at a very high level (43). VPA has been reported
as having a lowering effect on mitochondrial membrane
potential and oxygen levels and an elevating effect on
cell death and depletion of ATP levels which in turn has
resulted in an increase in ROS levels (44). In our study,
we found elevated SOD, GPx and GR activities in VPA
treated rat lenses, but GST activities were diminished.
Increased SOD and GPx reveals the increased levels of
superoxide anion and hydrogen peroxide levels and
increased GR activity means the regeneration of GPx.
Decreased GST activity is associated with a decrease in
GSH concentration. This is usually due to increased lev-
els of free radicals.The positive effect of ALA may have
occurred due to the ability of a reduced form of ALA (di-
hydrolipoic acid, DHLA) to scavenge free radicals such as
superoxide and hydroxyl. More so, DHLA participates in
the recycling of GSH from GSSG (45). The present find-
ings support these approaches.

The NADPH dependent enzymes, AR and SDH, are im-
portant markers of the polyol pathway. In this case, glu-
cose gains importance by being reduced to sorbitol by
AR, and in turn, sorbitol is catalyzed to fructose by SDH.
Aldose reductase (AR) has a low affinity for glucose com-
pared to hexokinase. However, AR activity does increase in
lens tissue in cases where blood glucose levels rise (such
as in diabetes) (46, 47). Chateauvieux et al. mentioned in
their review publications that VPA had the effect of chang-
ing fasting glucose levels in young children/teenagers
(48). In the light of this , we determined that VPA increased
AR and SDH activities in the lens tissues of rats. ALA de-
creased these activities. ALA is known as having an ability
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to regulate energy metabolism and glucose regulation
through its cofactor property on pyruvate / a-ketogluta-
rate dehydrogenase in the Krebs cycle (49). ALA may be
preferred due to this positive and regulative effect in dia-
betic conditions. In addition, ALA is reported to increase
glucose uptake by insulin-sensitive/resistant muscles,
which is related to it triggering glucose transporters activ-
ities of plasma membranes in the presence of glucose (50).

CONCLUSION

Based on these results, we can assume that ALA protects
lens tissue by using it's antioxidant and ameliorative the
effect which decreases oxidative stress on lens tissues
which were affected by the VPA administration.

Ethics Committee Approval: This study was approved by Mar-
mara University Animal Experiments Local Ethics Committe
(Date: 23.03.2015, No: 34.mar).

Peer Review: Externally peer-reviewed.

Author Contributions: Conception/Design of Study- RY,, I.B.T,
Y.0.; Data Acquisition- Y.O., 1.B.T;; Data Analysis/Interpretation-
R.Y., i.B.T., YO. Drafting Manuscript- R.Y. i.B.T.; Critical Revision
of Manuscript- R.Y; Final Approval and Accountability- R.Y., | B.T:
Material or Technical Support- R.Y., iBT, YO, Supervision- R.Y.

Conflict of Interest: The authors have no conflict of interest to
declare.

Financial Disclosure: This study was supported by Scientific Re-
search Projects Coordination Unit of Istanbul University-Cerrah-
pasa (Project number: FYL-2016-21656).

REFERENCES

1. Burton B. On the propyl derivatives and decomposition
products of ethylacetoacetate. Am Chem J 1882;3:385-95.

2. Dean JC, Penry JK. Valproate monotherapy in 30 patients
with partial seizures. Epilepsia 1988;29(2):140-4. [CrossRef]

3. Lipina TV, Haque FN, McGirr A, Boutros PC, Berger T, Mak
TW, et al. Prophylactic valproic acid treatment prevents
schizophrenia-related behaviour in Disc1-L100P mutant
mice. PLoS One 2012;7(12):e51562. [CrossRef]

4. Brown BL, Craycraft LK, Justice SB. Valproic acid in the
treatment of migraines. Adv Emerg Nurs J 2020;42(4):243-
53. [CrossRef]

5. Emekli-Alturfan E, Alev B, Tunali S, Oktay S, Tunali-
Akbay T, Ozturk LK, et al. Effects of edaravone on cardiac
damage in valproic acid induced toxicity. Ann Clin Lab Sci
2015;45(2):166-72.

6. Tunali S, Cimen ES, Yanardag R. The effects of chard on
brain damage in valproic acid-induced toxicity. J Food
Biochem 2020;44(10):e13382. [CrossRef]

7. Bayrak BB, Yilmaz S, Hacihasanoglu Cakmak N, Yanardag
R. The effects of edaravone, a free-radical scavenger in
lung injury induced by valproic acid demonstrated via
different biochemical parameters. J Biochem Mol Toxicol
2021;35(9):e22847. [CrossRef]

10.

1.

12.

15.

16.

17.
18.

19.

20.
21.

22.

23.

24.

Celik C, Bayrak BB, Hacthasanoglu Cakmak N, Yanardag R.
Protective effect of edaravone on rat testis after valproic
acid treatment. J Res Pharm 2022;26(1):52-62. [CrossRef]
Sokmen BB, Tunali S, Yanardag R. Effects of vitamin U
(S-methyl methionine sulphonium chloride) on valproic
acid induced liver injury in rats. Food Chem Toxicol
2012;50(10):3562-6. [CrossRef]

Gezginci-Oktayoglu S, Turkyilmaz IB, Ercin M, Yanardag
R, Bolkent S. Vitamin U has a protective effect on valproic
acid-induced renal damage due to its anti-oxidant, anti-
inflammatory, and anti-fibrotic properties. Protoplasma
2016;253:127-35. [CrossRef]

Oztay F, Tunali S, Kayalar O, Yanardag R. The protective
effect of vitamin U on valproic acid-induced lung toxicity
in rats via amelioration of oxidative stress. J Biochem Mol
Toxicol 2020;34(12):e22602. [CrossRef]

Rosa FT, Zulet MA, Marchini JS, Martinez JA. Bioactive
compounds with effects on inflammation markers in
humans. Int J Food Sci Nutr 2012;63(6):749-65. [CrossRef]

. Abdel-Zaher AO, Abdel-Hady RH, Abdel Moneim WM,

Salim SY. Alpha-lipoic acid protects against potassium
cyanide-induced seizures and mortality. Exp Toxicol Pathol
2011;63(1-2):161-5. [CrossRef]

Rochette L, Ghibu S, Muresan A, Vergely C. Alpha-lipoic
acid: molecular mechanisms and therapeutic potential
in diabetes. Can J Physiol Pharmacol 2015;93(12):1021-7.
[CrossRef]

Lachman J, Hamouz K, Orsak M, Pivec V. Potato tubers as a
significant source of antioxidants in human nutrition. Rostl
Vyroba 2000;46(5):231-6.

Elsawy H, Al-Omair MA, Sedky A, Al-Otaibi L. Protective
effect of a-lipoic acid against o-cypermethrin-induced
changes in rat cerebellum. J Chem Neuroanat 2017;86:52-
8. [CrossRef]

Turkyilmaz IB, Bilgin Sokmen B, Yanardag R. Alpha-lipoic
acid prevents brain injury in rats administered with valproic
acid. J Biochem Mol Toxicol 2020;34(11):e22580. [CrossRef]
Wistow GJ, Piatigorsky J. Lens crystallins: the evolution and
expression of proteins for a highly specialized tissue. Annu
Rev Biochem 1988;57:479-504. [CrossRef]

Srikanthan D, Bateman OA, Purkiss AG, Slingsby C. Sulfur in
human crystallins. Exp Eye Res 2004,79(6):823-31. [CrossRef]
Serebryany E, Thorn DC, Quintanar L. Redox chemistry
of lens crystallins: A system of cysteines. Exp Eye Res
2021;211:108707. [CrossRef]

Tunali S. The effects of vitamin Bé on lens antioxidant
system in valproic acid-administered rats. Hum Exp Toxicol
2014;33(6):623-8. [CrossRef]

Tunali S, Kahraman S, Yanardag R. Vitamin U, a novel free
radical scavenger, prevents lens injury in rats administered
with valproic acid. Hum Exp Toxicol 2015;34(9):904-10.
[CrossRef]

Palsamy P, Bidasee KR, Shinohara T. Valproic acid suppresses
Nrf2/Keap1 dependent antioxidant protection through
induction of endoplasmic reticulum stress and Keap!
promoter DNA demethylation in human lens epithelial
cells. Exp Eye Res 2014;121:26-34. [CrossRef]

Beutler E. Reduced glutathione (GSH). In: Bergmeyer
HV. Editor. Red Blood Cell Metabolism: A Manual of
Biochemical Methods. 2nd Edition, Grune and Stratton,
New York. 1975. p.112-4.


https://doi.org/10.1111/j.1528-1157.1988.tb04409.x
https://doi.org/10.1371/journal.pone.0051562
https://doi.org/10.1097/TME.0000000000000319
https://doi.org/10.1111/jfbc.13382
https://doi.org/10.1002/jbt.22847
https://doi.org/10.29228/jrp.103
https://doi.org/10.1016/j.fct.2012.07.056
https://doi.org/10.1007/s00709-015-0796-3
https://doi.org/10.1002/jbt.22602
https://doi.org/10.3109/09637486.2011.649250
https://doi.org/10.1016/j.etp.2009.11.004
https://doi.org/10.1139/cjpp-2014-0353
https://doi.org/10.1016/j.jchemneu.2017.08.005
https://doi.org/10.1002/jbt.22580
https://doi.org/10.1146/annurev.bi.57.070188.002403
https://doi.org/10.1016/j.exer.2004.05.009
https://doi.org/10.1016/j.exer.2021.108707
https://doi.org/10.1177/0960327113506233
https://doi.org/10.1177/0960327114561665
https://doi.org/10.1177/0960327114561665
https://doi.org/10.1016/j.exer.2014.01.021

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Alpha lipoic acid and valproic acid induced lens injury
Istanbul Tip Fakiltesi Dergisi @ J Ist Faculty Med

Ledwozyw A, Michalak J, Stepierr A, Kadziotka A. The
relationship between plasma triglycerides, cholesterol,
total lipids and lipid peroxidation products during human
atherosclerosis.  Clin  Chim Acta 1986;155(3):275-83.
[CrossRef]

Levine RL, Garland D, Oliver CN, Amici A, Climent |, Lenz
AG, et al. Determination of carbonyl content in oxidatively
modified proteins. Methods Enzymol 1990;186:464-78.
[CrossRef]

Habig WH, Jakoby WB. Assays for differentiation of
glutathione-S-transferases. Methods Enzymol 1981,77:398-
405. [CrossRef]

Mylroie AA, Collins H, Umbles C, Kyle J. Erythrocyte
superoxide dismutase activity and other parameters of
copper status in rats ingesting lead acetate. Toxicol Appl
Pharmacol 1986; 82(3):512-20. [CrossRef]

Wendel A. Glutathione peroxidase. Methods Enzymol
1981;77:325-33. [CrossRef]

Beutler E. Red cell metabolism. A Manual of Biochemical
Methods. 12nd ed. London: Academic Press, 1971.p. 68-70.
Hayman S, Kinoshita JH. Isolation and properties of
lens aldose reductase. J Biol Chem 1965;240(2):877-82.
[CrossRef]

Barretto OC, Beutler E. The sorbitol-oxidizing enzyme of
red blood cells. J Lab Clin Med 1975;85(4):645-9.

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein
measurement with the folin phenol reagent. J Biol Chem
1951;193(1):265-75. [CrossRef]

Hejtmancik JF, Shiels A. Overview of the lens. Prog Mol Biol
Transl Sci 2015;134:119-27. [CrossRef]

Alvarez-Barrios A, Alvarez L, Garcia M, Artime E, Pereiro R,
Gonzélez-lglesias H. Antioxidant defenses in the human
eye: A focus on metallothioneins. Antioxidants (Basel)
2021:10(1):89. [CrossRef]

Oktay S, Alev B, Tunali S, Emekli-Alturfan E, Tunali-Akbay
T, Koc-Ozturk L, et al. Edaravone ameliorates the adverse
effects of valproic acid toxicity in small intestine. Hum Exp
Toxicol 2015;34(6):654-61. [CrossRef]

Fan X, Monnier VM, Whitson J. Lens glutathione
homeostasis: Discrepancies and gaps in knowledge
standing in the way of novel therapeutic approaches. Exp
Eye Res 2017;156:103-11. [CrossRef]

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Kisic B, Miric D, Zoric L, llic A, Dragojevic |. Antioxidant
capacity of lenses with age-related cataract. Oxid Med Cell
Longev 2012;2012:467130. [CrossRef]

Lou MF. Redox regulation in the lens. Prog Retin Eye Res
2003;22(5):657-82. [CrossRef]

Han D, Handelman G, Marcocci L, Sen CK, Roy S, Kobuchi
H, et al. Lipoic acid increases de novo synthesis of cellular
glutathione by improving cystine utilization. Biofactors
1997:6(3):321-38. [CrossRef]

Neal R, Cooper K, Kellogg G, Gurer H, Ercal N. Effects
of some sulfur-containing antioxidants on lead-exposed
lenses. Free Radic Biol Med 1999;26(1-2):239-43. [CrossRef]
Ganea E, Harding JJ. Glutathione-related enzymes and the
eye. Eye Res 2006;31(1):1-11. [CrossRef]

Forrester JV, Dick AD, McMenamin PG, Roberts F, Pearlman,
E. The Eye, Basic Sciences in Practice. 39 ed.; Saunders
Elsevier: Edinburgh, UK, 2008;540, ISBN 9780702079931.
Komulainen T, Lodge T, Hinttala R, Bolszak M, Pietila M,
Koivunen P, et al. Sodium valproate induces mitochondrial
respiration dysfunction in HepG2 in vitro cell model.
Toxicology 2015;331:47-56. [CrossRef]

Tibullo D, Li Volti G, Giallongo C, Grasso S, Tomassoni
D, Anfuso CD, et al. Biochemical and clinical relevance of
alpha lipoic acid: antioxidant and anti-inflammatory activity.
molecular pathways and therapeutic potential. Inflamm Res
2017;66:947-59. [CrossRef]

Lightman S. Does aldose reductase have a role in the
development of the ocular complications of diabetes?. Eye
(Lond) 1993;7:238-41. [CrossRef]

Veeresham C, Rama Rao A, Asres K. Aldose reductase
inhibitors of plant origin. Phytother Res 2014;28(3):317-33.
[CrossRef]

Chateauvieux S, Morceau F, Dicato M, Diederich M.
Molecular and therapeutic potential and toxicity of valproic
acid. J Biomed Biotechnol 2010;2010:479364. [CrossRef]
Packer L, Witt EH, Tritschler HJ. Alpha-lipoic acid as a
biological antioxidant. Free Radic Biol Med 1995,19(2):227-
50. [CrossRef]

Eason RC, Archer HE, Akhtar S, Bailey CJ. Lipoic acid
increases glucose uptake by skeletal muscles of obese-
diabetic ob/ob mice. Diabetes Obes Metab 2002;4(1):29-
35. [CrossRef]


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ledwozyw%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Michalak%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Stepie%C5%84%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kadzio%C5%82ka%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
https://doi.org/10.1016/0009-8981(86)90247-0
https://doi.org/10.1016/0076-6879(90)86141-H
https://doi.org/10.1016/S0076-6879(81)77053-8
https://doi.org/10.1016/0041-008X(86)90286-3
https://doi.org/10.1016/S0076-6879(81)77046-0
https://doi.org/10.1016/S0021-9258(17)45256-2
https://doi.org/10.1016/S0021-9258(19)52451-6
https://doi.org/10.1016/bs.pmbts.2015.04.006
https://doi.org/10.3390/antiox10010089
https://doi.org/10.1177/0960327114554047
https://doi.org/10.1016/j.exer.2016.06.018
https://doi.org/10.1155/2012/467130
https://doi.org/10.1016/S1350-9462(03)00050-8
https://doi.org/10.1002/biof.5520060303
https://doi.org/10.1016/S0891-5849(98)00214-7
https://doi.org/10.1080/02713680500477347
https://doi.org/10.1016/j.tox.2015.03.001
https://doi.org/10.1007/s00011-017-1079-6
https://doi.org/10.1038/eye.1993.56
https://doi.org/10.1002/ptr.5000
https://doi.org/10.1155/2010/479364
https://doi.org/10.1016/0891-5849(95)00017-R
https://doi.org/10.1046/j.1463-1326.2002.00171.x

