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Chard extract increased gastric sialic acid and ameliorated
oxidative stress in valproic acid-administered rats
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ABSTRACT

Valproic acid, one of the most used drugs for epilepsy patients, has some known side effects. Chard
extract has many pharmacological activities. The study aims to evaluate whether valproic acid
might interfere with oxidative metabolism in gastric tissue and whether chard ameliorates these
effects. The Sprague Dawley rats were divided into four groups (n=8); control, chard-given control,
valproic acid, and chard-given valproic acid. The aqueous extracts of chard leaves were given 1 h
before the administration of valproic acid for 7 days. On the 8% day, the animals were sacrificed
under anesthesia and gastric tissues were homogenized. When compared to the control group,
valproic acid significantly increased malondialdehyde and catalase activity, while superoxide dis-
mutase activity decreased. Chard administration increased glutathione and, sialic acid levels and
decreased malondialdehyde levels and superoxide dismutase activity in the valproic acid group.
Based on these findings, since chard increased gastric sialic acid levels, we may suggest that chard
may protect gastric mucosa may be through its antioxidant effects.
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Introduction

The gastrointestinal mucus layer coats and lubricates the sur-
face of gastrointestinal tract. It plays a role in defense against
microorganism. The gel layer is also essential for mainte-
nance of intestinal homeostasis as a participating in cell sig-
naling pathways (Johansson et al., 2013). Mucus is composed
of mucins that is synthesized and secreted by goblet cells in
the intestinal cells. Mucin is composed of sialic acid (SA),
fucose, galactose, N-acetylgalactosamine, and N-acetylglu-
cosamine (Wagner et al., 2018).

Valproic acid (2-propyl valeric acid, VPA) is used to prevent
seizures and to treat migraines, bipolar, anxiety, and mood
disorders. It shows the antiepileptic effect by blocking ion
channels and increasing neurotransmitter gamma-aminobu-
tyric acid through several mechanisms. Also, since the
demonstration of its function as an inhibitor of histone
deacetylase, VPA was used as adjuvant therapy in neuro-
degenerative diseases, HIV, and cancer (Diki¢ et al., 2017).

Despite its reputation as a safe drug, VPA has many side ef-
fects that may lead to gastrointestinal disturbances, hepato-
toxicity, neurological disturbances, weight gain, pancreatitis,
teratogenic effects, and thrombocytopenia (Chateauvieux et
al., 2010; Gezginci-Oktayoglu et al., 2016). Chronic usage of
VPA has decreased the thickness of gastrointestinal mucosa,
and muscle layers in the stomach and ileum, and gastrointes-
tinal (GI) tract motility decreased in rats prenatally exposed
to VPA (Kim et al., 2013). Furthermore, it is established that
VPA is capable of increasing the reactive oxygen species
(ROS) levels in various tissues (Cardenas-Rodriguez et al.,
2013; Ustundag et al., 2015). GI complaints are common in
epileptic patients taking long-term anti-epileptic drug medi-
cation. Prevention of GI side effects is very important in
terms of increasing the effectiveness of treatment and reduc-
ing seizure attacks depending on drug absorption and use in
patients (Jahromi et al., 2011).

Plant extracts have become increasingly popular and are often
preferred to synthetic pharmaceuticals. Chard (Beta vulgaris
L. var. cicla; Chenopodiaceae) is a widely used plant in folk
medicine. Chard extract has many pharmacological activities,
including hypoglycemic, anti-inflammatory, antioxidant,
anti-acetylcholinesterase, antitumor, hemostatic and hepato-
protective effects (Ozsoy-Sacan et al., 2004; Tunali et al.,
2020). The reasons for these activities are vitamin C, vitamin
E, glycosides, flavonoids, saponins, minerals, phospholipid,
glycolipid, folic acid, carotenoids, and fatty acids compo-
nents present in this plant (Ustundag et al., 2015; Kim et al.,
2004; Trifunovic et al., 2015; Ertik et al., 2021). To our
knowledge, a study on the effects of chard on gastric tissue
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against VPA toxicity focusing on oxidant-antioxidant param-
eters and SA as an important component of mucin, which
forms the protective layer of the stomach, has not been re-
ported yet. Therefore, this study was focused on the alteration
of oxidant and antioxidant systems and SA in gastric tissue in
response to VPA administration and the role of chard in VPA-
related tissue damage.

Materials and Methods

Preparation of Aqueous Chard Extract

The leaves of chard were collected from Istanbul, Turkey.
Prof. Dr. Neriman Ozhatay (Faculty of Pharmacy, Istanbul
University) identified the chard leaves. They were washed in
distilled water before being dried at room temperature. 100 g
of dried chard leaves were extracted by boiling with 1 L of
distilled water for 8 hours. After the extract was filtered, its
water was removed from the rotary evaporator. The chard ex-
tract was administered by gavage to rats for 7 days after being
redissolved in water (Tunali et al., 2020).

Experimental Animals

The female Sprague Dawley rats were kept in constant labor-
atory conditions. The temperature was 25+2 °C and the rela-
tive humidity range was 55+8 % with a 12 h:12 h light/dark
circle. The animals had a standard pellet diet and access to
drinking water ad libitum. Experiments were approved by the
Marmara University Animal Care and Use Committee (Eth-
ics Committee Decision Number: 70.2014.mar)

Rats were divided into four groups (n=8) as; control (C);
chard given control (100 mg/kg/day, by gavage) (C+Chard);
VPA (500 mg/kg/day, intraperitoneally) and chard given
VPA (VPA+Chard) (in same dose). For 7 days, chard leaf
aqueous extracts were given 1 hour before VPA was given.
After the rats were sacrificed under ether anesthesia on the
eighth day of the experiment, gastric tissues were taken out.
Gastric samples were homogenized in normal saline and were
stored frozen at  -20°C until the experiment day.

Biochemical Assays

In gastric tissue homogenates, malondialdehyde (MDA) lev-
els were determined by thiobarbituric acid reaction spectro-
photometrically at 532 nm for evaluation lipid peroxidation
(LPO). LPO results were expressed as nmol MDA/mg pro-
tein (Yagi, 1984). GSH content in the supernatant was esti-
mated by Ellman’s reagent. Results were expressed as mg
GSH/g protein (Beutler, 1975). SOD activity was measured
by its capability to increase the effect of riboflavin-sensitised
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photooxidation of o-dianisidine. Results were expressed as U/
mg protein (Mylorie et al., 1986). Catalase activity was as-
sayed by measuring the decrease in the H,O» concentration at
240 nm. Results were expressed as U/ mg protein (Aebi,
1984). SA content was measured by the TBA assay of Warren
(Warren, 1959). Results were expressed as mg SA/g protein.
The protein content in the supernatant was estimated accord-
ing to Lowry et al., using Bovine Serum Albumin (BSA) as
standard (Lowry et al., 1951). It was used to calculate other
parameters' values as per protein.

Statistical Analysis

Statistical analysis was performed using GraphPad Prism 5.0
(GraphPad Software, San Diego, California, USA). Data
were analysed using One-way ANOVA and post hoc Tukey
tests. A p value of less than 0.05 was considered significant.
Data were expressed as mean + standard deviation for each
group. Principal component analysis (PCA) was also used to
visualize the biochemical changes for all exposure condi-
tions. PCA was performed using OriginPro 2022b
(OriginLab Corp.).

Results and Discussion

VPA is a branched short-chain fatty acid and is nearly com-
pletely absorbed in the gastrointestinal system (Diki¢ et al.,
2017). VPA causes mild to severe gastrointestinal, hemato-
logic, neurological, dermatologic, mitochondrial, and meta-
bolic toxicity. There is evidence of gastric injury in patients
treated with VPA (Jahromi et al., 2011; Ozturk et al., 2017).
VPA transforms to free acid (the valproate ion) in the GI tract
(Dean et al., 1992). Gastric irritation/symptoms may be
caused by its acidic nature. Also, in rats, VPA therapy has
been linked to the development of oxidative stress in hepato-
toxicity (Chang and Abbott, 2006). The term oxidative stress
refers to describe an imbalance between ROS production and
antioxidant defense activity. It plays a role in both chronic
and acute GI diseases (Brown et al., 2014). The GI tract is
important in the absorption of nutrients and the immunologi-
cal response, and it also plays a role in the formation of ROS.
At the same time, SOD, glutathione peroxidase, and CAT are
the enzymes involved in protecting cells from the damaging
effects of ROS (Vona et al., 2021). On the other hand, the
mechanism of valproic acid-induced gastrotoxicity is still un-
clear.

Chard has many bioactive compounds such as phytopig-
ments, flavonoids, and minerals. It is rich in dietary fibers,
proteins, and antioxidants. Since it has also alpha lipoic acid,
it decreases glucose levels and increases insulin sensitivity
(Gamba et al., 2021).
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In the current study, we have evaluated the effect of chard
extract on the oxidative stress in the gastric tissue induced by
VPA through the analysis of oxidant (LPO) and antioxidant
(GSH, SOD, CAT, SA) parameters levels.

The gastric tissue MDA and GSH levels are presented in fig-
ure 1 and figure 2, respectively. The MDA levels significantly
increased in the VPA group compared with the C groups
(p<0.001). Chard administration significantly decreased
MDA levels both in the C+Chard and VPA+Chard groups
(p<0.001; p<0.001). Administering chard significantly in-
creased the GSH levels both in the C+Chard and VPA+Chard
groups (p<0.001; p<0.001).
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Figure 1. Gastric tissue MDA levels in the control, valproic
acid, and chard given groups

Values were given as mean + standard deviation. C: Control group,
C+Chard: Chard given control group, VPA: Valproic acid; VPA+Chard:
Chard given VPA group. MDA: Malondialdehyde. *p<0.001 significantly
different from the C group; °p<0.001 significantly different from the
C+Chard group; 9<0.001 significantly different from the VPA group;
°p<0.01 significantly different from the C+Chard group.
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Figure 2. Gastric tissue GSH levels in the control, valproic
acid and chard given groups

Values were given as mean + standard deviation. C: Control group,

C+Chard: Chard given control group, VPA: Valproic acid; VPA+Chard:

Chard given VPA group. GSH: Glutathione. *p<0.001 significantly differ-

ent from the C group; °p<0.001 significantly different from the C+Chard

group; 9p<0.001 significantly different from the VPA group.

The MDA is one of the products of LPO in the cells, which
is used as an oxidative stress marker. Increased MDA is at-
tributed to the enhanced production of ROS (Kwiecien et al.,
2014). Compared with the VPA group, chard administration
significantly decreased gastric MDA levels and increased
GSH level in Chard+VPA group. The chard-induced increase
of GSH levels is an antioxidative action because GSH acts as
a free radical scavenger and repair the radical induced tissue
damage (Ozsoy-Sacan et al., 2004). Also, our results suggest
that the flavonoid content in chard is responsible for in-
creased GSH levels in chard given groups. Dietary flavonoids
stimulate antioxidant and detoxification defense system tran-
scription through antioxidant response elements (Myhrstad et
al., 2002).

As seen in figure 3, VPA caused a significant decrease in
SOD activities of the VPA and VPA+Chard groups as com-
pared to the C group (p<0.05; p<0.001). Chard administration
decreased SOD activity significantly both in the C+Chard and
VPA~+Chard groups (p<0.05; p<0.001).
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Figure 3. Gastric tissue SOD activity in the control, valproic
acid, and chard given groups

Values were given as mean + standard deviation. C: Control group,
C+Chard: Chard given control group, VPA: Valproic acid; VPA+Chard:
Chard given VPA group. SOD: Superoxide dismutase. *p<0.001 signifi-
cantly different from the C group; *p<0.05 significantly different from the
C group, °p<0.001 significantly different from the C+Chard group;
4p<0.001 significantly different from the VPA group.

The SOD is one of the antioxidants in the first line of defense
against ROS to prevent oxidative stress. It converts the highly
reactive O, into the less reactive H>O, and plays an im-
portant role in preventing oxidative damage (Vona et al.,
2021). Our study found a decrease in the SOD activity in the
chard given VPA rats. This suggests that O, could not con-
vert into H,O» by SOD. The decrease in SOD activity is an
indicator of mitochondrial dysfunction in the VPA-treated rat
livers (Oztopuz et al., 2020). We also suggest that the de-
crease in SOD activity in the C+Chard group can be linked to
other mechanisms.

The CAT activity in the gastric tissue is given in figure 4.
VPA caused a significant increase in the CAT activities of
VPA and VPA+Chard groups as compared to the C group
(p<0.001; p<0.001). Chard administration increased the CAT
activity significantly in the C+Chard group as compared to
the C group (p<0.001) but did not change it in the
VPA+Chard group as compared to the VPA group (p>0.05).
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Figure 4. Gastric tissue CAT activity in the control, valproic
acid, and chard given groups

Values were given as mean *+ standard deviation. C: Control group,

C+Chard: Chard given control group, VPA: Valproic acid; VPA+Chard:

chard given VPA group. CAT: Catalase. *p<0.001 significantly different

from the C group; °p<0.001 significantly different from the C+Chard

group.

The CAT is an antioxidant enzyme that has the ability to con-
vert H>O; to H>O and O, (Vona et al., 2021). In acidic media,
as in the stomach, O, spontaneously is converted to H,O,
and peroxyl radicals. At pH 4.8, spontaneous dismutation oc-
curs most quickly and H,O; and O, are produced (Kaplan et
al., 2012). Thus, CAT activity in chard-administrated tissues
might be increased in the gastric tissue. Since CAT enzymes
are known to improve the capacity of the cells to eliminate
ROS, increased enzyme activities would be expected to cause
a decrease in MDA in the VPA group (Ustundag et al., 2015).
However, no such effect was observed in this study.

As can be seen in figure 5, SA levels were not significantly
different when VPA and C groups were compared (p>0.05).
Chard administration significantly increased the SA levels
both in the C+Chard and VPA+Chard groups (p<0.001;
p<0.001). In the VPA+Chard group, SA levels were signifi-
cantly increased compared to the C group (p<0.001).
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Figure 5. Gastric tissue SA levels in control, valproic acid

and chard given groups

Values were given as mean *+ standard deviation. C: Control group,
C+Chard: Chard given control group, VPA: Valproic acid; VPA+Chard:
Chard given VPA group. SA: Total sialic acid. *p<0.001 significantly dif-
ferent from the C group; °p< 0.001 significantly different from the C+Chard
group, 9p<0.001 significantly different from the VPA group.

SA levels increased with chard administration in both the
control and VPA groups. Chard may have an increased
amount of gastric mucus. Polyphenolic-rich extract of Poten-
tilla mooniana increased mucin activity by increasing the
hexosamine and sialic acid content in the gastric tissue (Laloo
etal., 2014). It has been suggested that SA has the antioxidant
effect of mucin in the mucus layer covering the respiratory
and gastrointestinal tracts against hydroxyl radicals. The
study by Ogasawara et al. showed that hydroxyl radical pro-
duced by UV irradiation of hydrogen peroxide was scavenged
by terminal SA residues in bovine submaxillary gland mucin
(Ogasawara et al., 2007). It was revealed that SA also acts as
an important defense factor of the gastric mucosa in the ex-
perimental model of gastritis in the rat (Hussein et al., 2016).
SA-based strategies are recommended for the prevention and
treatment of Helicobacter pylori, as SA has an antiadhesive
effect on H. pylori on gastrointestinal epithelial cells and has
been shown to reduce H. pylori-induced ROS production
(Yang et al., 2013).

The SA usually presents as terminal components of glycopro-
teins, and these terminal residues impact mucus's charge,
degradation, and rheological properties. Mucus is composed
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of mucins that are synthesized and secreted by goblet cells in
the intestinal cells. Mucin is composed of SA, fucose, galac-
tose, N-acetylgalactosamine, and N-acetylglucosamine
(Wagner et al., 2018). The SA on glycoproteins is released by
sialidases such as sialate aldolase (Bhide and Colley, 2017).
It has been found in bacteria and in mammalian cells. As a
result of SA degradation, the cellular levels of SA increase.
Hydrochloric acid secretion in the stomach's parietal cells is
controlled by the gastric proton pump (H', K'-ATPase). H",
K"-ATPase consists of the catalytic o subunit and the glyco-
sylated B subunit. Intragastric pH regulates glycosylated
subunit, and inhibiting gastric hydrochloric acid secretion
causes [} subunit desialylation. It has been reported that the
activity of H", K'-ATPase is positively regulated by the SA
of B subunit of the H", K'-ATPase and the low pH reduced
H', K™-ATPase activity by cleaving the SA of B subunit (Fujii
et al., 2016). This may be responsible for the increased SA
levels found in the present study.

Flavonoids have attracted attention in the search due to their
anti-inflammatory and antioxidant properties. Many studies
have shown them to inhibit the gastric H'K"-ATPase (Sera-
fim et al., 2020; Al-Gabri et al., 2022). In the present study,
SA levels increased significantly compared to the respective
groups in the chard-given control and VPA groups. Since the
chard has flavonoids and flavonoids have an inhibitory effect

(A

34 3

(E5)1D_
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on H'K'-ATPase, it may be possible to suggest that the fla-
vonoid contents of chard may be responsible for increased SA
levels in this study.

Chard contains vitamins C and E that offer health benefits,
and one of these benefits is that they are among the non-
enzymatic antioxidants. Cytoprotective effects of vitamins C
and E against different factors induced gastric mucosal da-
mage were demonstrated (Dawud et al., 2014). In their stu-
dies, gastric mucus output was increased, and ulcer scores
were decreased when treated with vitamins C and E. The an-
tioxidant properties of vitamins protected the enzymatic and
non-enzymatic antioxidants. In our study, the increase in the
levels of SA with chard administration may be related to the
fact that vitamins C and E increase the amount of mucus in
the stomach. In addition, the cytoprotective effect of mucus
and the antioxidant properties of vitamins may contribute to
the gastroprotective effects of chard.

For each group, PCA was used to prove the correlation be-
tween biochemical results (Figure 6). PCA revealed that the
first two components detailed around % 91.62 of the total var-
iation in the experimental data (PC1: 66.83%, PC2: 24.79%).
Primarily, CAT, GSH, and SA data clustered in the first com-
ponent. These clusters were highly negatively correlated with
MDA and SOD.
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Figure 6. Principal component analysis (PCA) plot of biochemical parameters measured in the stomach (A). All biochemical
results of stomach tissues indicator plotted as a function of two first components, explaining together 91.62% of
information in the obtained dataset (B)
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In the VPA group, we found a significant increase in MDA
levels and a decrease in SOD activity, while no significant
differences in GSH and SA levels compared to the control
group. Also, it can be inferred that VPA produced an unbal-
anced oxidant/antioxidant cellular process in gastric tissue,
with increased MDA and decreased SOD activity. Based on
PCA, we observed in our study that antioxidant levels, except
SOD, correlated negatively with oxidant levels. A previous
study found an inverse relationship between SOD activity and
MDA level in the tissues (Wang et al., 2005). But in this
study, SOD activity and MDA level decreased significantly
in the VPA+Chard group compared with the VPA group. This
different oxidant-antioxidant status that occurs with the ad-
ministration of chard extract may be related to mucus in the
gastric tissue.

The increase of GSH and SA levels in chard given groups
accompanied by an increase in CAT activity was effective in
reducing lipid peroxidation.

This study has some limitations. No morphological or histo-
logical experiments were done, but this experiment focused
only on biochemical changes in the gastric tissue. Also, H+,
K+-ATPase activity was not examined. So, more extensive
research on the chard’s gastroprotective properties should be
carried out in the future by analyses of H+, K+-ATPase acti-
vity, and molecular mechanisms of oxidative stress.

Conclusion

We may suggest that chard may protect gastric mucosa by
increasing antioxidants and sialic acid levels. Therefore, the
findings of this study may offer alternative treatment appro-
aches and novel therapeutic targets for stomach damage cau-
sed by VPA.
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