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Abstract: In this experimental study, the effect of lipoic acid (LA) on lung damage caused by valproic acid
(VPA) was investigated. The antioxidant, oxidative stress, and inflammation indicators such as glutathione
(GSH), lipid peroxidation (LPO), catalase (CAT), superoxide dismutase (SOD), glutathione-S-transferase
(GST), nitric oxide (NO), sialic acid (SA), myeloperoxidase (MPO), and tissue factor (TF) were examined.
Sprague Dawley rats were used, and they were randomly divided into four groups as follows: Control group,
LA group received 50 mg LA/kg/day for 15 days, VPA group received 500 mg VPA/kg/day for 15 days, and
VPA+LA group received the same doses of VPA and LA for 15 days. On day 16, lung tissues were taken. VPA
caused the decreases in GSH, SA and SOD values and the increases LPO, NO, and TF values. LA reversed the
changes in GSH, SOD, and TF values. GST and CAT activities did not change significantly by the effect of VPA
or LA. On the other hand, the inhibitory effect of VPA on MPO, which is an inflammatory marker, and the pro-
oxidant effects of LA causing the increases in both LPO and MPO values were observed in lung tissue. These
regulations may help LA to overcome oxidative stress caused by VPA in the lung. Further studies are needed
to confirm the mechanism underlying VPA-induced MPO inhibition in the lung.
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1. INTRODUCTION function (1). Oztay et al. (2), suggested that VPA-

induced oxidative stress may cause structural

Valproic acid (VPA) is a widely used antiepileptic drug
for the treatment of various seizure and bipolar
disorders. Although generally well tolerated, VPA
induces oxidative stress, resulting in an inability to
balance the generation of reactive oxygen species
(ROS) with the body's capacity to detoxify these
harmful compounds. As a result, cellular components
such as lipids, proteins, and DNA can be damaged,
contributing to deterioration of tissue and organ

distortion and fibrotic changes in the rat lung. Lungs
are susceptible to many environmental pollutants,
toxicants, oxidants, and many infections that can
cause oxidative damage. Several studies have
demonstrated the role of ROS produced by lung
epithelium and inflammatory cells in the
pathogenesis of lung diseases, including acute
respiratory syndrome, acute lung injury, chronic
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obstructive pulmonary disease, pulmonary fibrosis,
asthma, and lung cancer (3).

a-lipoic acid (1,2-dithiolane-3-pentanoic acid, LA), a
natural organo-sulfur compound, contains a disulfide
bond as a part of a dithiolane ring with a five-carbon
tail. LA can be found in plant and animal food sources
such as tomatoes, spinach, broccoli, kidney, liver,
and heart. It is also endogenously produced by the
liver. It exists in cells as dihydrolipoic acid (DHLA),
LA's reduced form. It is essential for mitochondrial
aerobic metabolism. The fact that LA is soluble in
both fat and water makes it special compared to
other antioxidants. This means that it can act in the
plasma membrane as well as in the cytoplasm (4). It
is also the redox regulator of several proteins
including, thioredoxin, myoglobin, the transcription
factor nuclear factor kappa B (NF-kB), and prolactin,
and helps recycle cellular antioxidants involving
vitamin C, vitamin E, and glutathione (5,6). High
electron density due to the special position of two
sulfur atoms in the 1,2-dithiolane ring gives LA a high
tendency to reduce other redox-sensitive molecules
depending on environmental conditions (6). The
antioxidant properties of both LA and DHLA consist
of quenching ROS, regeneration of antioxidants, and
chelation of redox metals. In recent decades,
through its pharmacological effects, such as anti-
cancer, anti-oxidant, anti-inflammatory, and anti-
viral effects, numerous studies have reported the
effects of LA in improving many diseases (4).

This study was designed to investigate the potential
protective effect of LA on the lungs of VPA-treated
rats by measuring important markers of tissue
oxidative stress and inflammation.

2. EXPERIMENTAL SECTION

2.1. Chemicals

VPA was obtained from Merck (Darmstadt, Germany)
and LA from Sigma (USA). All other chemicals used
in the experiments were of analytical purity and were
purchased from Merck (Darmstadt, Germany),
Sigma-Aldrich (St. Louis, MO, USA), and Fluka
(Buchs, Switzerland).

2.2. Laboratory Animals and Experimental
Design

All the experiments in this study were approved by
Marmara University Experimental Animals Ethics
Committee (Decision No: 34.2015.mar).

Thirty-two Sprague Dawley rats (six-month-old,
female) were used in the study. The animals were
housed in the standard cage with optimal
temperature (20°C+2) and light/dark (12 h light/12
h dark) conditions. All rats were fed orally with
standard rat chow and fresh tap water.

The animals were divided into four groups: Control
group (n=7), LA given group (50 mg/kg/day, by
intraperitoneal, n=8), VPA given group (500
mg/kg/day, by intraperitoneal, n=7), and VPA+LA
given group (in same doses and same way, n=10).
LA was administered 1 h prior to VPA administration
for 15 days. On day 16, the rats were sacrificed, and
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lungs were taken. Lung homogenates (10% w/v)
were prepared in physiological saline (NaCl, 0.9%).

2.3. Biochemical Analysis

Lung homogenates were analyzed for glutathione
(GSH), lipid peroxidation (LPO), superoxide
dismutase (SOD), catalase (CAT), glutathione-S-
transferase (GST), nitric oxide (NO), sialic acid (SA),
myeloperoxidase (MPO), and tissue factor (TF).

2.3.1. Estimation of GSH (ug GSH per g tissue)

GSH levels were determined by the method using
metaphosphoric acid and 5,5’-dithiobis-2-
nitrobenzoic acid (DTNB) (7). The extinction
coefficient of 1.36x10% M-lcm'! was used for the
calculation. The absorbance was measured
spectrophotometrically at 412 nm.

2.3.2. Estimation of LPO (nmol MDA per g tissue)
Malondialdehyde (MDA) is an end product of the
peroxidation of lipids. LPO levels were determined
using thiobarbituric acid (TBA) assay (8). The pink
colour obtained at the end of the reaction was
measured with a spectrophotometer at 532 nm.

2.3.3. Estimation of SOD (U SOD per g tissue)
SOD activities were measured as the ability to
increase the rate of photooxidation of riboflavin-
sensitized o-dianisidine (9). The absorbance was
measured spectrophotometrically at 460 nm.

2.3.4. Estimation of CAT (kU CAT per g tissue)
CAT activities were determined based on the
reduction of hydrogen peroxide (H202) to water
(H20) (10). The decrease in absorbance was
measured spectrophotometrically at 240 nm.

2.3.5. Estimation of GST (U GST per g tissue)

GST activities were assayed by measuring the
absorbance at 340 nm of the product obtained by
conjugation of GSH with 1-chloro-2,4-dinitrobenzene
(CDNB) (11).

2.3.6. Estimation of NO (nmol NO per g tissue)

In order to measure NO levels, nitrate was converted
to nitrite using vanadium (III) chloride. The complex
diazonium compound was obtained by reacting
nitrite with sulfanilamide in an acidic medium. This
was then coupled with N-(1-naphthyl) ethylenediam-
ine dihydrochloride, and the coloured complex
formed was measured spectrophotom-etrically at
540 nm (12).

2.3.7. Estimation of SA (mg SA per g tissue)
Sodium periodate was used to oxidize SA in
concentrated phosphoric acid. Next, TBA was
combined with the product of periodate oxidation. A
pink chromophore was obtained, which was then
extracted into cyclohexanone. The absorbance was
measured spectrophotometrically at 549 nm (13).

2.3.8. Estimation of MPO (U MPO per g tissue)

MPO activity was measured by the method using
phenol, 4-amino antipyrine (4-AAP), and H>O,. The
absorbance was measured spectrophotometrically at
510 nm (14).
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2.3.9. Estimation of TF (Second)

TF activities were determined by mixing lung
homogenate with plasma, then adding calcium
chloride and measuring the time for fibrin formation
(15). There is an inverse relationship between the
clotting time and the activity of the TF.

2.4. Statistics

Statistical analysis (GraphPad Prism 9.0, California,
USA) was performed using analysis of variance
(ANOVA) followed by Tukey's multiple comparison
test. Data are presented as mean £ standard
deviation (SD). P-value below 0.05 is considered
significant.

3. RESULTS AND DISCUSSION

VPA is generally well tolerated but has been shown
both clinically and experimentally to cause several
adverse effects, including lung injury. Symptoms of
VPA-induced pleural effusion or interstitial lung
disease have been reported to resolve within days of
discontinuing the drug (16,17). Oztay et al. proposed
that VPA administration at a dose of 500 mg kgt day"
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! caused pulmonary toxicity via changes in both
biochemical and inflammatory markers (2). Therefo-
re, we used a VPA dose of 500 mg kgt day! in the
present study. VPA primarily damages tissue by
inducing oxidative stress, which is then followed by
inflammation and apoptosis (18). ROS in the lung are
generated from both exogenous and endogenous
sources, such as environmental gases and the
mitochondrial electron transport system (19). VPA
induces elevation of mitochondrial ROS (20).
Excessive and uncontrolled oxidative stress leads to
cell death, but at lower and less harmful levels it can
act as a signal to redox signaling that helps restore
cellular balance (21).

The present study showed that the administration of
VPA was associated with a decrease in the levels of
GSH (p<0.05) and SA (p<0.0001), the activities of
SOD (p<0.01) and MPO (p<0.0001), and an increase
in the levels of MDA, is an end product of the LPO,
(p<0.0001), NO (p<0.0001), and activity of TF
(p<0.0001) compared to the control group (Figures
1 and 2).

nmol MDA/g T

CATKU/gT

&

Figure 1: Lung GSH and LPO levels and SOD, CAT, GST activities of the groups. C, control group; C+LA,
lipoic acid given control group; VPA, valproic acid given group; VPA+LA, lipoic acid given valproic acid group,
T, tissue; GSH, glutathione; MDA, malondialdehyde; LPO, lipid peroxidation; GST, glutathione-S-transferase;
SOD, superoxide dismutase; CAT, catalase. Values are represented as meanzxstandard deviation.

*°p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 vs control group; °p < 0.05, =™=p < 0.0001 vs C+LA

group, 2p < 0.05, 2444p < 0.0001 vs VPA group.
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Figure 2: Lung NO, SA levels and MPO, TF activities of the groups
C, control group; C+LA, lipoic acid given control group; VPA, valproic acid given group; VPA+LA, lipoic acid
given valproic acid group, T, tissue; NO, nitric oxide; SA, sialic acid; MPO, myeloperoxidase; TF, tissue
factor; Sec, second. Values are represented as meanxstandard deviation.
***p < 0.001, ****p < 0.0001 vs control group; °p < 0.05, ®°p < 0.0001 vs C+LA group,
4p < 0.05, 242p < 0.001, 2442p < 0.0001 vs VPA group.

The two primary antioxidants in the anti-oxidative
system are GSH and SOD. These antioxidants reduce
the damaging effects of harmful free radicals. LPO is
one of the biomarkers of oxidative stress status and
indicates oxidative lipid degradation (22). Their
levels are closely linked to how cells respond to
oxidative stress. Impairment of the lung antioxidant
system is linked to a reduction in GSH levels, SOD
activities, and an elevation in LPO levels (23). This is
supported by our findings. Besides SOD, CAT, and
GST are the key antioxidant enzymes that eliminate
free radicals from cells. GST is responsible for
catalyzing the reaction between GSH and a variety of
reactive electrophilic compounds to protect against
oxidative stress. CAT prevents the conversion of
H.O, to hydroxyl radicals and reduces oxidative
stress by catalyzing the conversion of H,0; to water
and oxygen. It has been reported that the activities
of CAT, SOD, and GST were decreased in the lungs
of VPA-treated rats compared to the control group
(2). In contrast to these findings, in the present
study, VPA did not alter CAT and GST activities.

NO reacts with ROS products to produce
peroxynitrite and can alter protein and lipid
structure. NO has important neurotransmitter and
regulatory roles when released at low levels.
However, when combined with superoxide to form
harmful peroxynitrite, high levels of NO (produced by
the increased activity of inducible NO synthase
(iNOS) during inflammation) have a negative effect
(24). VPA administration has been reported to
increase NO levels in brain tissue (25) and bovine
aortic endothelial cells and mouse serum (26) in
various VPA toxicity models. In our study, VPA also

caused a significant increase in NO values in lung
tissue compared to the control group. SA is a major
component of the secreted mucins of the airways and
is highly expressed along the epithelial border lining
the respiratory tract (27). For lung physiology and
respiratory balance, this surface anionic shield may
provide a repulsive structure, a hydration barrier and
a protective barrier (28). SA has also been suggested
to have antioxidant activity against hydroxyl radicals
in mucin in the respiratory and gastrointestinal
mucus layers (29). Higher levels of SA have also
been linked with inflammation (30). So, there are
conflicting studies on the effect of VPA on SA levels.
While VPA administration increased SA levels in the
small intestine (31), they did not change in the
gastric tissue (29). In the present study, the
damaged respiratory mucosa and the decrease in the
activity of defense mechanisms may have caused to
a reduction in SA levels.

MPO plays an important role in inflammation and
tissue damage (32). One of the major ROS,
superoxide anion, is transformed into H,0,. Activated
MPO converts this to the potent oxidant hypochlorite.
As a marker of neutrophil recruitment and lung tissue
damage, MPO activity is measured in the lung. MPO
activity has been found to be significantly increased
in the pancreatic, lung, and liver tissue of VPA-
treated rats (2,33,34). However, in contrast to these
findings, there have also been studies showing that
VPA, as a histone deacetylase inhibitor (HDACI),
attenuated lung injury by inhibiting inflammatory
cytokine production and NF-kB activation (35). In a
model of rat intestinal ischemia-reperfusion study,
VPA treatment caused a decrease in MPO activity,
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and it has been suggested that VPA decreases
neutrophil migration into the lungs (36). The
reduction in MPO activity in the present study may
be due to the anti-inflammatory effect of VPA
through its HDACI action. HDACIs have been shown
in the literature to have an anti-inflammatory effect
(37, 38). TF is a transmembrane glycoprotein and
acts as a cellular initiator of coagulation. The lung is
one of the tissues that contain high levels of TF, along
with the brain, uterus, heart, and placenta. Alveolar
macrophages and airway epithelial cells express TF
in the lung. The abnormal expression of TF is
associated with thrombotic complications in a variety
of diseases, including atherosclerosis, cancer, and
inflammation. Alveolar TF production suggests that
alveolar epithelium expresses TF when exposed to
inflammatory cytokines (39-41). Additionally, it has
been suggested that elevated levels of ROS may be
an inducer of TF gene expression. The procoagulant
activity of TF is strictly regulated to maintain
hemostasis and avoid thrombosis (42). VPA is a
cause of hematological problems, and coagulation
abnormalities are frequently observed during VPA
treatment (43). It has been shown that VPA
increased TF activity in gingival tissue (44). In
parallel with the findings of previous studies, this
present study suggests that increased TF activity in
the lung in response to inflammation and/or
oxidative stress may provide extra hemostatic
protection against tissue damage.

LA is a powerful reductant and has the ability to
scavenge free radicals. Administration of LA has been
shown in several studies to reduce oxidative stress
and restore depleted levels of other antioxidants in
vivo. On the other hand, data show that LA may have
pro-oxidant effects (6). The oxidative status of cells
and physiological parameters may determine the
ability of LA and/or DHLA to act as pro- or
antioxidants. According to its chemical structure, LA
functions as an oxidative molecule without
generating endogenous ROS because of its oxidized
dithiolane ring. DHLA may also produce thiol and
disulfide radical anion and function as a pro-oxidant.
In vitro and in vivo studies suggest that DHLA causes
the production of ROS through the Fenton reaction
by reducing ferric iron and the stimulation of the
Ca?*-induced mitochondrial permeability transition
(MPT) by the production of ROS, which depletes
mitochondrial antioxidant capacity (45).

In the current study, when the VPA group was
treated with LA, the changes in GSH levels
(p<0.0001) and SOD (p<0.05), MPO (p<0.0001), TF
(p<0.001) activities were reversed by LA compared
to VPA, whereas LPO levels were increased more
(p<0.0001) (Figure 1 and 2). In addition, LA in
combination with VPA had no effect on SOD, CAT
activities, or NO, SA levels (p>0.05) (Figures 1 and
2). In the C+LA group, the NO levels were
significantly reduced (p<0.001) and SA levels and TF
activity were significantly increased (p<0.001)
compared to the control group (Figure 2).

The antioxidant effects of LA may act either directly
by restoring endogenous antioxidants such as GSH
or indirectly by balancing ROS. It has been suggested
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that increasing the availability of cysteine is the
mechanism by which LA can increase GSH levels
(46). Similarly, Cadirci et al. (22) reported that
decreased SOD activity and GSH amounts in septic
lung tissue were increased by the administration of
LA to rats. The both studies (46, 22) support our
findings that GSH and SOD values were increased in
LA-treated rats. Lung LPO levels were found to be
significantly increased in LA+VPA treated rats in our
study, which appears to contradict previous findings
from a systematic review and meta-analysis
suggesting that LA consumption significantly reduces
MDA levels (47). It is possible that an induction of
SOD activity is involved in the mechanism of LPO
induction by LA. The elevated SOD activity and
unaltered catalase activity in LA-exposed rats would
be expected to result in the deposition of H,O, and
hence elevated LPO in the presence of ferrous ions
as a consequence of the Fenton reaction. When
exogenous LA enters the cell, it is reduced to DHLA
with the use of NADPH by the cytosolic enzymes
glutathione reductase and thioredoxin reductase.
Although DHLA has been demonstrated to have both
pro-oxidant and antioxidant effects, both LA and
DHLA have been classified as strong antioxidants
based on their unique characteristics. Ferric and
ferrous iron are both chelated by DHLA in vitro,
preventing oxidative damage to iron. However, LA
also removes iron from ferritin and has the ability to
convert Fe3* to Fe2*, increasing the risk of oxidative
damage. This is because iron is a redox-active metal.
Through Fenton chemistry, it can significantly
increase oxidative stress by producing hydroxyl
radicals. (4,6,45). Briefly, LA may have caused lipid
peroxidation by acting as a pro-oxidant and
accelerating the formation of iron-dependent
hydroxyl radicals in the lungs. Turkyilmaz et al. (25),
showed that administration of LA in the VPA group
increased CAT activity, decreased GST activity, and
the change in SOD activity was insignificant in brain
tissue. Differently from Turkyilmaz et al. (25), in the
current study, the CAT and GST activities were not
modified by LA in the C+LA and VPA+LA groups
compared to the respective groups. These results
suggested that H»0, degradation processes were
unchanged and may have increased the
accumulation of superoxide anion and the formation
of hydroxyl radicals. In the literature, it has been
shown that LA induces apoptosis by increasing
mitochondrial superoxide anion production in cancer
cells (48). However, more research is needed to
explain the mechanism behind these changes.

Preclinical studies have shown that LA can reduce
inflammation by inhibiting the iINOS/NO pathway (4).
In another study, Oktay & Caliskan (49) found that
LA reduced NO levels but had no effect on SA levels
compared to the methotrexate group during
methotrexate-induced oxidative stress in rat hearts.
In the present study, LA reduced NO levels and
increased SA levels in LA given control group. This
may be due to the antioxidant effect of LA. However,
it was not sufficient to reverse the NO and SA levels
in the VPA+LA group compared to VPA.

LA (25 mg/kg/day for 21 days) increased colon MPO
activity in the mouse model of acute ulcerative colitis
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(50), and LA at higher doses (100 mg/kg/day for 45
days) may have a pro-oxidant effect on cardiac tissue
in a rat-diabetic model (51). In line with these
observations, 15 days of LA (50 mg/kg/day) at
proposed doses may be pro-inflammatory based on
our available data. Future studies are recommended
to clarify the effects of LA in a dose- and time-
dependent and oxidative stress-type-dependent
manner.

It is known that LA affects iron metabolism. Although
findings from clinical studies are conflicting, LA has
been shown to reduce serum iron levels. It has been
suggested that this may be because DHLA chelates
iron, preventing its use (52). Based on this, LA, which
increases TF activity in the C+LA group, may be
beneficial to keep normal blood clotting to prevent
further bleeding when serum iron is low. Iron
deficiency causes iron deficiency anemia, which may
be associated with decreased thrombogenesis,
aberrant platelet function, and elevated
inflammatory levels, all of which raise the risk of
bleeding (53). Moreover, LA inhibits platelet
activation, and co-administration with vitamin E
prolongs the clotting time (54). Accordingly, in the
current study, LA decreased lung TF activity in VPA
group, which may prevent lung tissues from the risk
of thrombosis and coagulation problems.

4. CONCLUSION

In conclusion, the present data do not allow the
conclusion that LA could prevent VPA-induced lung
injury; the data are consistent with LA may
contribute to the reduction of TF activity and increase
in GSH levels, SOD, and MPO activities in VPA
treatment. However, more studies are required to
determine the mechanism underlying VPA-induced
MPO inhibition in the lung. Also despite its dual
modulation of oxidative stress and inflammation, LA
may have beneficial effects on lung health.

5. CONFLICT OF INTEREST
There are no conflicts to declare.
6. REFERENCES

1. Safdar A, Ismail F. A comprehensive review on
pharmacological applications and drug-induced
toxicity of valproic acid. Saudi Pharm J [Internet].
2023 Feb 1;31(2):265-78. Available from: <URL>.

2. 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 [Internet].
2020 Dec 26;34(12):e22602. Available from:
<URL>.

3. Hosakote YM, Rayavara K. Respiratory syncytial
virus-induced oxidative stress in lung pathogenesis.
In: Oxidative Stress in Lung Diseases [Internet].
Singapore: Springer Singapore; 2020. p. 297-330.
Available from: <URL>.

RESEARCH ARTICLE

4. Guo X, Wu S, Shang J, Dong W, Li Y, Peng Q, et
al. The effects of lipoic acid on respiratory diseases.
Int Immunopharmacol [Internet]. 2023 Mar
1;116:109713. Available from: <URL>.

5. Eser Faki H, Tras B, Uney K. Alpha lipoic acid and
vitamin E improve atorvastatin-induced mitochon-
drial dysfunctions in rats. Mitochondrion [Internet].
2020 May 1;52:83-8. Available from: <URL>.

6. Moini H, Packer L, Saris NEL. Antioxidant and
prooxidant activities of a-lipoic acid and dihydrolipoic
acid. Toxicol Appl Pharmacol [Internet]. 2002 Jul
1;182(1):84-90. Available from: <URL>.

7. Beutler E. Glutathione in red blood cell
metabolism. In: A manuel of biochemical methods.
New York: Grune & Stratton; 1975. p. 112-4.

8. Ledwoz;yw A, Michalak ], Stepien A, Kadziotka A.
The relationship between plasma triglycerides,
cholesterol, total lipids and lipid peroxidation
products during human atherosclerosis. Clin Chim
Acta [Internet]. 1986 Mar 28;155(3):275-83.
Available from: <URL>.

9. Mylroie AA, Collins H, Umbles C, Kyle 1.
Erythrocyte superoxide dismutase activity and other
parameters of copper status in rats ingesting lead
acetate. Toxicol Appl Pharmacol [Internet]. 1986 Mar
15;82(3):512-20. Available from: <URL>.

10. Aebi H. Catalase in vitro. In: Methods in
enzymology [Internet]. Methods Enzymol; 1984. p.
121-6. Available from: <URL>.

11. Habig WH, Jakoby WB. Assays for differentiation
of glutathione S-Transferases. In: Methods in
Enzymology [Internet]. Academic Press; 1981. p.
398-405. Available from: <URL>.

12. Miranda KM, Espey MG, Wink DA. A rapid, simple
spectrophotometric method for simultaneous
detection of nitrate and nitrite. Nitric Oxide
[Internet]. 2001 Feb 1;5(1):62-71. Available from:
<URL>.

13. Warren L. The thiobarbituric acid assay of sialic
acids. J Biol Chem [Internet]. 1959 Aug
1;234(8):1971-5. Available from: <URL>.

14. Wei H, Frenkel K. In vivo formation of oxidized
DNA bases in tumor promoter-treated mouse skin.
Cancer Res [Internet]. 1991 Aug 15;51(16):4443-9.
Available from: <URL>.

15. Ingram GI, Hills M. Reference method for the
one-stage prothrombin time test on himan blood.
International committee for standardization in
hematology. Thromb Haemost [Internet]. 1976 Aug
31;36(1):237-8. Available from: <URL>.

16. Kim SJ, Jhun BW, Lee JE, Kim K, Choi HY. A case
of drug-induced interstitial pneumonitis caused by
valproic acid for the treatment of seizure disorders.
Tuberc Respir Dis (Seoul) [Internet]. 2014 Sep
1;77(3):145. Available from: <URL>.

1446


https://linkinghub.elsevier.com/retrieve/pii/S1319016422002936
https://onlinelibrary.wiley.com/doi/10.1002/jbt.22602
http://link.springer.com/10.1007/978-981-32-9366-3_13
https://linkinghub.elsevier.com/retrieve/pii/S156757692300036X
https://linkinghub.elsevier.com/retrieve/pii/S1567724919302533
https://linkinghub.elsevier.com/retrieve/pii/S0041008X02994378
https://linkinghub.elsevier.com/retrieve/pii/0009898186902470
https://linkinghub.elsevier.com/retrieve/pii/0041008X86902863
https://linkinghub.elsevier.com/retrieve/pii/S0076687984050163
https://linkinghub.elsevier.com/retrieve/pii/S0076687981770538
https://linkinghub.elsevier.com/retrieve/pii/S1089860300903197
https://linkinghub.elsevier.com/retrieve/pii/S0021925818698515
https://pubmed.ncbi.nlm.nih.gov/1868465/
http://www.ncbi.nlm.nih.gov/pubmed/1036814
http://e-trd.org/journal/view.php?doi=10.4046/trd.2014.77.3.145

Alev Tuzuner B et al. JOTCSA. 2024; 11(4): 1441-1448

17. Simsek F, Kizildag N. Eosinophilic
pleuropericardial effusion due to valproic acid. Black
Sea ] Heal Sci [Internet]. 2022 Jan 1;5(1):104-6.
Available from: <URL>.

18. Akaras N, Kandemir FM, Simsek H, Gir C,
Aygdérmez S. Antioxidant, antiinflammatory, and
antiapoptotic effects of rutin in spleen toxicity
induced by sodium valproate in rats. Turk Doga ve
Fen Derg [Internet]. 2023 Jun 22;12(2):138-44.
Available from: <URL>.

19. Oztay F, Kayalar O, Yildirim M. Pulmonary
oxidative stress and antioxidant defence system in
the lung ageing and fibrotic and diabetic lungs. In:
Oxidative Stress in Lung Diseases [Internet].
Singapore: Springer Singapore; 2019. p. 325-53.
Available from: <URL>.

20. Lee M, Ahn C, Kim K, Jeung EB. Mitochondrial
toxic effects of antiepileptic drug valproic acid on
mouse kidney stem cells. Toxics [Internet]. 2023
May 20;11(5):471. Available from: <URL>.

21. Hansen JM, Lucas SM, Ramos CD, Green EJ,
Nuttall DJ, Clark DS, et al. Valproic acid promotes
SOD2 acetylation: a potential mechanism of valproic
acid-induced oxidative stress in developing systems.
Free Radic Res [Internet]. 2021 Dec 2;55(11-
12):1130-44. Available from: <URL>.

22. Cadirci E, Altunkaynak BZ, Halici Z, Odabasoglu
F, Uyanik MH, Gundogdu C, et al. Alpha-lipoic acid as
a potential target for the treatment of lung injury
caused by cecal ligation and puncture-induced sepsis
model in rats. Shock [Internet]. 2010 May;33(5):
479-84. Available from: <URL>.

23. Thimmulappa RK, Chattopadhyay I, Rajasekaran
S. Oxidative stress mechanisms in the pathogenesis
of environmental lung diseases. In: Oxidative Stress
in Lung Diseases [Internet]. Singapore: Springer
Singapore; 2020 [cited 2024 Sep 13]. p. 103-37.
Available from: <URL>.

24. Mokra D, Mokry J. Oxidative stress in
experimental models of acute Ilung injury. In:
Oxidative Stress in Lung Diseases [Internet].

Singapore: Springer Singapore; 2020. p. 25-57.
Available from: <URL>.

25. Turkyilmaz IB, Bilgin Sokmen B, Yanardag R.
Alpha-lipoic acid prevents brain injury in rats
administered with valproic acid. J Biochem Mol
Toxicol [Internet]. 2020 Nov 14;34(11):e22580.
Available from: <URL>.

26. Cho DH, Park JH, Joo Lee E, Jong Won K, Lee SH,
Kim YH, et al. Valproic acid increases NO production
via the SH-PTP1-CDK5-eNOS-Serl116 signaling
cascade in endothelial cells and mice. Free Radic Biol
Med [Internet]. 2014 Nov 1;76:96-106. Available
from: <URL>.

27. Hernandez-Jiménez C, Martinez-Cortés J, Olmos-
Zuiiiga JR, Jasso-Victoria R, Lépez-Pérez MT, Diaz-
Martinez NE, et al. Changes in the levels of free sialic
acid during ex vivo lung perfusion do not correlate
with pulmonary function. Experimental model. BMC

RESEARCH ARTICLE

Pulm Med [Internet]. 2023 Sep 4;23(1):326.

Available from: <URL>.

28. Martins M de F, Honodrio-Ferreira A, Martins P,

Gongalves CA. Presence of sialic acids in
bronchioloalveolar cells and identification and
quantification of N-acetylneuraminic and N-

glycolylneuraminic acids in the lung. Acta Histochem
[Internet]. 2019 Aug 1;121(6):712-7. Available
from: <URL>.

29. Alev B, Tunali S, Ustiindag UV, ipekci H, Emekli
Alturfan E, Tunah Akbay T, et al. Chard extract
increased gastric sialic acid and ameliorated
oxidative stress in valproic acid-administered rats.
Food Heal [Internet]. 2023;9(2):139-47. Available
from: <URL>.

30. Berkan O, G&l MK, icagasioglu S, Cetinkaya O,
Yildiz E, Dogan K, et al. Sialic acid is a marker of lung
injury following lower extremities ischemia/
reperfusion. Eur J Vasc Endovasc Surg [Internet].
2004 May 1;27(5):553-8. Available from: <URL>.

31. 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
[Internet]. 2015 Jun 10;34(6):654-61. Available
from: <URL>.

32. Jomova K, Alomar SY, Alwasel SH, Nepovimova
E, Kuca K, Valko M. Several lines of antioxidant
defense against oxidative stress: antioxidant
enzymes, nanomaterials with multiple enzyme-
mimicking activities, and low-molecular-weight
antioxidants. Arch Toxicol [Internet]. 2024 May
14;98(5):1323-67. Available from: <URL>.

33. Oktay S, Alev-Tlziner B, Tunali S, Ak E, Emekli-
Alturfan E, Tunali-Akbay T, et al. Investigation of the
effects of edaravone on valproic acid induced tissue
damage in pancreas. Marmara Pharm J [Internet].
2017 Jun 20;21(3):570-7. Available from: <URL>.

34. Tirkyllmaz IB, Karatug Kacar A, Bolkent S,
Yanardag R. Damage to liver tissue caused by
valproic acid used for treating epilepsy: Protective
effects of vitamin B6. Arch Epilepsy [Internet]. 2023
Mar 1;29(1):9-15. Available from: <URL>.

35. Wu SY, Tang SE, Ko FC, Wu GC, Huang KL, Chu
SJ. Valproic acid attenuates acute lung injury induced
by ischemia-reperfusion in rats. Anesthesiology
[Internet]. 2015 Jun 1;122(6):1327-37. Available
from: <URL>.

36. Kim K, Li Y, Jin G, Chong W, Liu B, Lu J, et al.
Effect of valproic acid on acute lung injury in a rodent
model of intestinal ischemia reperfusion. Resuscita-
tion [Internet]. 2012 Feb 1;83(2):243-8. Available
from: <URL>.

37. Adcock IM. HDAC inhibitors as anti-inflammatory
agents. Br J Pharmacol [Internet]. 2007 Apr
29;150(7):829-31. Available from: <URL>.

1447


http://dergipark.org.tr/en/doi/10.19127/bshealthscience.930247
http://dergipark.org.tr/en/doi/10.46810/tdfd.1299663
http://link.springer.com/10.1007/978-981-13-8413-4_17
https://www.mdpi.com/2305-6304/11/5/471
https://www.tandfonline.com/doi/full/10.1080/10715762.2021.2017913
https://journals.lww.com/00024382-201005000-00006
http://link.springer.com/10.1007/978-981-32-9366-3_5
http://link.springer.com/10.1007/978-981-32-9366-3_2
https://onlinelibrary.wiley.com/doi/10.1002/jbt.22580
https://linkinghub.elsevier.com/retrieve/pii/S0891584914003748
https://bmcpulmmed.biomedcentral.com/articles/10.1186/s12890-023-02619-w
https://linkinghub.elsevier.com/retrieve/pii/S0065128119301060
https://scientificwebjournals.com/JFHS/Vol9/issue2/FH23013.pdf
https://linkinghub.elsevier.com/retrieve/pii/S1078588404000760
https://journals.sagepub.com/doi/10.1177/0960327114554047
https://link.springer.com/10.1007/s00204-024-03696-4
https://dergipark.org.tr/en/doi/10.12991/marupj.319312
https://archepilepsy.org/articles/doi/ArchEpilepsy.2023.22065
https://pubs.asahq.org/anesthesiology/article/122/6/1327/12427/Valproic-Acid-Attenuates-Acute-Lung-Injury-Induced
https://linkinghub.elsevier.com/retrieve/pii/S0300957211004679
https://bpspubs.onlinelibrary.wiley.com/doi/10.1038/sj.bjp.0707166

Alev Tuzuner B et al. JOTCSA. 2024; 11(4): 1441-1448

38. Pai P, Vijeev A, Phadke S, Shetty MG, Sundara
BK. Epi-revolution in rheumatology: The potential of
histone deacetylase inhibitors for targeted
rheumatoid arthritis intervention. Inflammopharm-
acology [Internet]. 2024 Aug 7;32(4):2109-23.
Available from: <URL>.

39. Alturfan AA, Alturfan EE, Dariyerli N, Zengin E,
Aytac E, Yigit G, et al. Investigation of tissue factor
and other hemostatic profiles in experimental
hypothyroidism. Endocrine [Internet]. 2006;30(1):
63-8. Available from: <URL>.

40. van der Poll T. Tissue factor as an initiator of
coagulation and inflammation in the lung. Crit Care
[Internet]. 2008 Nov 26;12(Suppl 6):S3. Available
from: <URL>.

41. Grover SP, Mackman N. Tissue Factor.
Arterioscler Thromb Vasc Biol [Internet]. 2018 Apr
1;38(4):709-25. Available from: <URL>.

42. Mackman N, Antoniak S. Tissue factor and
oxidative stress. Blood [Internet]. 2018 May
10;131(19):2094-5. Available from: <URL>.

43. Hasanoglu C, Karalok Z, Kalenderoglu M,
Haspolat S. A rare cause of hemorrhage from valproic
acid—induced hypofibrinogenemia and review of
literature. Ann Clin Case Reports [Internet].
2021;6:1910. Available from: <URL>.

44, Oktay S, Alev B, Kog Oztiirk L, Tunali S, Demirel
S, Emekli Alturfan E, et al. Edaravone ameliorates
valproate-induced gingival toxicity by reducing
oxidative-stress, inflammation and tissue damage.
Marmara Pharm J [Internet]. 2016 May 10;20(3):
232-40. Available from: <URL>.

45. Cakatay U. Pro-oxidant actions of a-lipoic acid
and dihydrolipoic acid. Med Hypotheses [Internet].
2006 Jan 1;66(1):110-7. Available from: <URL>.

46. Mohammed MA, Gharib DM, Reyad HR, Mohamed
AA, Elroby FA, Mahmoud HS. Antioxidant and anti-
inflammatory properties of alpha-lipoic acid protect
against valproic acid-induced liver injury. Can J
Physiol Pharmacol [Internet]. 2021 May;99(5):499-
505. Available from: <URL>.

RESEARCH ARTICLE

47. Rezaei Zonooz S, Hasani M, Morvaridzadeh M,
Beatriz Pizarro A, Heydari H, Yosaee S, et al. Effect
of alpha-lipoic acid on oxidative stress parameters: A
systematic review and meta-analysis. J Funct Foods
[Internet]. 2021 Dec 1;87:104774. Available from:
<URL>.

48. Peng P, Zhang X, Qi T, Cheng H, Kong Q, Liu L,
et al. Alpha-lipoic acid inhibits lung cancer growth via
mTOR-mediated autophagy inhibition. FEBS Open Bio
[Internet]. 2020 Apr 18;10(4):607-18. Available
from: <URL>.

49. Oktay S, Caliskan S. Potential therapeutic effect
of lipoic acid on methotrexate-induced oxidative
stress in rat heart. Eur J Biol [Internet]. 2023 Sep
27;82(2):306-10. Available from: <URL>.

50. Piechota-Polanczyk A, Zielinska M, Piekielny D,
Fichna J. The influence of lipoic acid on caveolin-1-
regulated antioxidative enzymes in the mouse model
of acute ulcerative colitis. Biomed Pharmacother
[Internet]. 2016 Dec 1;84:470-5. Available from:
<URL>.

51. AL-Rasheed NM, Al-Rasheed NM, Attia HA, Hasan
IH, Al-Amin M, Al-Ajmi H, et al. Adverse cardiac
responses to alpha-lipoic acid in a rat-diabetic model:
Possible mechanisms? J Physiol Biochem [Internet].
2013 Dec 18;69(4):761-78. Available from: <URL>.

52. Ali YF, Desouky OS, Selim NS, Ereiba KM.
Assessment of the role of a-lipoic acid against the
oxidative stress of induced iron overload. ] Radiat
Res Appl Sci [Internet]. 2015 Jan 1;8(1):26-35.
Available from: <URL>.

53. Wang X, Qiu M, Qi J, Li J, Wang H, Li Y, et al.
Impact of anemia on long-term ischemic events and
bleeding events in patients undergoing percutaneous
coronary intervention: a system review and meta-
analysis. J Thorac Dis [Internet]. 2015;7(11):2041-
52. Available from: <URL>.

54. Marsh SA, Coombes J]S. Vitamin E and a-Lipoic
acid supplementation increase bleeding tendency via
an intrinsic coagulation pathway. Clin Appl Thromb
[Internet]. 2006 Apr 1;12(2):169-73. Available
from: <URL>.

1448


https://link.springer.com/10.1007/s10787-024-01486-z
http://link.springer.com/10.1385/ENDO:30:1:63
http://ccforum.biomedcentral.com/articles/10.1186/cc7026
https://www.ahajournals.org/doi/10.1161/ATVBAHA.117.309846
https://ashpublications.org/blood/article/131/19/2094/36897/Tissue-factor-and-oxidative-stress
https://www.anncaserep.com/open-access/a-rare-cause-of-hemorrhage-from-valproic-acid-induced-6654.pdf
http://dergipark.gov.tr/doi/10.12991/mpj.20162096267
https://linkinghub.elsevier.com/retrieve/pii/S0306987705003774
https://cdnsciencepub.com/doi/10.1139/cjpp-2019-0456
https://linkinghub.elsevier.com/retrieve/pii/S1756464621004230
https://febs.onlinelibrary.wiley.com/doi/10.1002/2211-5463.12820
https://iupress.istanbul.edu.tr/en/journal/ejb/article/potential-therapeutic-effect-of-lipoic-acid-on-methotrexate-induced-oxidative-stress-in-rat-heart
https://linkinghub.elsevier.com/retrieve/pii/S075333221631160X
http://link.springer.com/10.1007/s13105-013-0252-9
https://linkinghub.elsevier.com/retrieve/pii/S1687850714001113
https://pubmed.ncbi.nlm.nih.gov/26716044/
https://journals.sagepub.com/doi/10.1177/107602960601200204

