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This study aimed to explore the potential protective impacts of
Moringa oleifera extract on major alteration in salivary glands of
rats exposed to sodium valproate (VA). Groups were defined as
control, control+moringa extract, sodium valproate, and
sodium valproate+moringa extract. Antioxidant and oxidant
status, activities of digestive and metabolic enzymes were
examined. VA treatment led to various biochemical changes in
the salivary glands, including decreased levels of antioxidants
like glutathione, glutathione-S-transferase, and superoxide dis-
mutase (except for sublingual superoxide dismutase). Con-
versely, a decrease in alpha-amylase, alkaline and acid phospha-
tase, lactate dehydrogenase, protease, and maltase activities

were observed. The study also demonstrated that VA induces
oxidative stress, increases lipid peroxidation, sialic acid, and
nitric oxide levels in the salivary glands. Total oxidant capacity
was raised in all glands except in the sublingual gland. The
electrophoretic patterns of proteins were similar. Moringa
oleifera extract exhibited protective properties, reversing these
VA-induced biochemical changes due to its antioxidant and
therapeutic attributes. This research suggests that moringa
extract might serve as an alternative treatment approach for
individuals using VA and experiencing salivary gland issues,
although further research is necessary to confirm these findings
in human subjects.

Introduction

The main task of the salivary glands is to produce saliva, which
contains enzymes that aid digestion and protect against
microbes, and to moisten the mouth. Drugs for the treatment
of various diseases can cause adverse effects such as salivary
gland dysfunction, salivary gland hypofunction, sialorrhea
(excessive salivation), and dry mouth.[1]

Valproic acid/sodium valproate (VA), or 2-propyl pentanoic
acid, is a branched short-chain fatty acid derived from valeric
acid. Besides being used in the treatment of epilepsy, VA is also
an effective drug for use in psychiatric disorders such as anxiety,
bipolar disorder, and migraine.[2] VA is generally well tolerated

and has proven to be relatively safe, but it has also been found
to have many side effects.[3] Clinical side effects of VA are
indigestion, weight gain, dysphoria, fatigue, dizziness, drowsi-
ness, hair loss, headache, nausea, sedation, and tremor. In
addition, it has been suggested that VA causes sialadenosis and
dry mouth,[4] and that VA treatment inhibits the growth of
salivary gland tumors.[5] There is evidence demonstrating that
VA can modulate oxidative stress in a tissue-specific way.[6] It
has not yet been fully established whether VA can alter
oxidative state in major salivary glands.

Moringa oleifera (M. oleifera) belongs to the Moringaceae
family, every part of the moringa plant, including seeds, leaves,
and fruit, is valuable for the development of drugs and food
products. M. oleifera leaves contain minerals such as calcium,
potassium, zinc, magnesium, iron, and copper. It is also rich in
beta-carotene, vitamin C, vitamin E, protein, polyphenols, and a
known good source of natural antioxidants. Extracts obtained
from M. oleifera exhibit many nutraceutical and pharmacolog-
ical properties such as anti-inflammatory, antioxidant, anti-
cancer, hepatoprotective, neuroprotective, blood sugar, and
lipid-lowering effects. Their ability to perform these beneficial
functions is strongly associated with flavonoids or bioactive
isothiocyanates.[7]

Although it is widely used in food and drugs, there are few
studies on clinical trials demonstrating the therapeutic effect of
M. oleifera leaf and other parts of the plant in humans.[8]

Literature relating to the effect on M. oleifera on salivary
glands of VA individuals is scarce. Moreover, evidence demon-
strating that VA can induce oxidative stress in a tissue-specific
way is present. Therefore this study investigated the effects of
M. oleifera extract on the salivary glands of VA treated Sprague
Dawley rats, especially the changes in biochemical composi-
tions.
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Results and Discussion

This study focused on investigating the effects of VA and M.
oleifera extract on salivary glands, highlighting a potential
research gap in this area. VA is widely used as an antiepileptic
and mood-stabilizing drug and also inhibits histone deacetylase
activity. Although it has been reported to prevent the growth
of salivary gland tumors,[5] VA has some clinical side effects
including sialadenosis and dry mouth.[4,9] It has been observed
to cause oxidative stress in tissues by oxidant/antioxidant
imbalance, trigger inflammatory reactions, and autoimmune
reactions.[2,10] Therefore, conducting research on compounds
that can counteract the adverse effects of VA has become
important. The various pharmacological effects of M. oleifera
leaves have been demonstrated to come from its abundant
active components like flavonoids and polyphenols.[7]

The dose of M. oleifera extract (0.3 g/kg/day) and the
treatment period (2 weeks) used in the present study have
been previously shown to be safe and effective.[11,12] The use of
a 70% ethanolic extract is supported by previous research,
indicating its strong antioxidant activity.[13–15]

The results regarding the antioxidant parameters of salivary
glands are presented in Table 1. The groups included in the
study are as follows: control (C), control+moringa extract (CM),
sodium valproate (VA), and sodium valproate+moringa extract
(VM). Glutathione (GSH), glutathione-S-transferase (GST) and

boron levels in the salivary glands decreased significantly in the
VA group compared to the control groups (C and CM) and
increased significantly in the VM group compared to the VA
group. When the salivary glands’ catalase (CAT) activities were
compared, no significant difference was found between the
groups (p>0.05). Superoxide dismutase (SOD) activity in the
parotid and submandibular salivary glands decreased signifi-
cantly in the VA group compared to the control groups (C and
CM) and increased significantly in the VM group compared to
the VA group. However, there was no significant difference in
SOD activity between the groups in the sublingual salivary
gland. Total antioxidant capacity (TAC) values in the parotid
and sublingual salivary glands decreased significantly in the VA
group compared to the control groups (C and CM), and
increased significantly in the VM group compared to the VA
group. However, no significant difference was found in the TAC
value between the groups in the submandibular salivary gland
(p>0.05).

GSH is an antioxidant that can prevent oxidative stress by
capturing free radicals and ROS species.[16] It also prevents the
destruction of important biomolecules such as lipids by
stopping the formation of lipid peroxide.[17] In this study, it was
found that the amount of GSH decreased in the VA group
compared to the C group. The decrease in GSH in the salivary
glands is an indicator of the damage caused by VA. Increased
intracellular ROS and reactive VA metabolites may consume

Table 1. Comparison of GSH, GST, CAT, SOD, TAC, and boron values in salivary glands between groups.

Parotid Salivary Gland

Group GSH (mg/g T) GST (U/g T) CAT (kU/g T) SOD (kU/g T) TAC (μmol/g T) Boron (ppm)

C 0.569�0.004 1.978�0.075 1.631�0.070 0.114�0.005 2.926�0.150 4.223�0.113

CM 0.569�0.009 2.179�0.110 1.448�0.148 0.106�0.006 3.243�0.117 4.267�0.106

VA 0.524�0.006c,g 1.355�0.047a,f 1.408�0.148 0.078�0.008b,e 1.903�0.147d,h 3.215�0.096b,f

VM 0.558�0.006m 2.049�0.259k 1.496�0.154 0.105�0.009k 2.506�0.092f,k 4.813�0.348r

PANOVA <0.0001 <0.01 >0.5 <0.01 <0.0001 <0.0001

Submandibular Salivary Gland

Group GSH (mg/g T) GST (U/g T) CAT (kU/g T) SOD (kU/g T) TAC (μmol/g T) Boron (ppm)

C 0.311�0.015 2.924�0.105 14.890�0.180 0.109�0.005 4.583�0.097 3.183�0.112

CM 0.315�0.012 2.975�0.182 14.240�0.440 0.116�0.005 4.650�0.075 3.713�0.258

VA 0.263�0.005a,f 1.979�0.249b,f 14.140�0.357 0.091�0.003a,f 4.584�0.105 2.109�0.132b,h

VM 0.305�0.005k 2.743�0.127k 14.220�0.437 0.114�0.004m 4.865�0.051 3.685�0.192r

PANOVA <0.01 <0.01 >0.5 <0.01 >0.05 <0.0001

Sublingual Salivary Gland

Group GSH (mg/g T) GST (U/g T) CAT (kU/g T) SOD (kU/g T) TAC (μmol/g T) Boron (ppm)

C 1.044�0.038 4.313�0.382 7.566�0.527 0.071�0.004 2.253�0.143 3.250�0.089

CM 1.040�0.042 4.716�0.239 8.421�0.476 0.079�0.003 2.423�0.176 3.426�0.134

VA 0.873�0.031a,e 3.021�0.219a,g 7.174�0.330 0.074�0.003 1.569�0.187a,f 2.780�0.127a,f

VM 1.059�0.050k 4.355�0.211m 7.455�0.519 0.080�0.002 2.288�0.174k 3.532�0.103n

PANOVA <0.01 <0.001 >0.05 >0.05 <0.01 <0.001

Values were given as mean� standard error. T: Tissue, GSH: Glutathione, GST: Glutathione-S-transferase, CAT: Catalase, SOD: Superoxide dismutase, TAC;
Total antioxidant capacity, C: Control group, CM: Moringa extract given control group, VA: Sodium valproate group, VM: Sodium valproate given moringa
extract group, ap<0.05, bp<0.01, cp<0.001, dp<0.0001 compared to C, ep<0.05, fp<0.01, gp<0.001, hp<0.0001 compared to CM, kp<0.05, mp<0.01,
np<0.001, rp<0.0001 compared to VA.

Wiley VCH Dienstag, 02.04.2024

2499 / 347089 [S. 2/9] 1

Chem. Biodiversity 2024, e202301959 (2 of 9) © 2024 Wiley-VHCA AG, Zurich, Switzerland

doi.org/10.1002/cbdv.202301959 Research Article
 16121880, 0, D

ow
nloaded from

 https://onlinelibrary.w
iley.com

/doi/10.1002/cbdv.202301959 by M
arm

ara U
niversity, W

iley O
nline L

ibrary on [22/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



GSH levels, leading to lysosomal damage and oxidative stress.[18]

Also, there was a significant increase in salivary gland GSH
levels in the VM group compared to the VA group. Abdel-Daim
et al., showed that moringa extract administration inhibited
CoCl2-induced nephrotoxicity and increased GSH levels in renal
tissue.[19]

GST, an enzyme catalyzing the conjugation of electrophiles
harmful to cells with GSH, plays a crucial role in protecting
against carcinogens, drug toxicities, and various cellular
oxidative damage.[20] In the present study, GST activities in
salivary glands were significantly reduced due to VA-induced
toxicity. Consistent with these findings, it has been shown that
VA toxicity causes a decrease in GST activities in tissues such as
small intestine,[21] pancreas,[22] and lens.[23] Due to the antiox-
idant properties of moringa extract, GST activities in the VM
group were significantly increased in salivary glands compared
to the VA group.

SOD and CAT are antioxidant enzymes that prevent free
radical formation and are also known as primary defense
antioxidant enzymes. While SODs convert superoxide radicals to
less harmful hydrogen peroxide, CAT renders hydrogen
peroxide harmless by converting it to oxygen and water.[24] In
this study, VA-induced oxidative stress significantly decreased
SOD activity in the parotid and submandibular salivary glands,
except for sublingual salivary glands. The decrease in CAT
activity was not significant. In previous studies, the SOD and
CAT activities of various rat tissues such as lung,[25] brain,[26,27]

lens,[23] liver[28] and pancreatic tissues[22] have been reported to
be significantly lower in VA-treated groups compared to control
groups. In parallel with the present findings, VA-induced liver
toxicity caused decreased SOD activity in the VA group, no
significant change was detected in CAT activity.[29] On the other
hand, SOD activities increased significantly in the VM group
compared with the control group of the present study. There
was no difference in CAT activity in terms of salivary glands. The
increased SOD in conjunction with the administration of
moringa extract may have contributed to effective defense
against oxidative stress. In studies investigating the impact of
M. oleifera on the heart tissue under diabetic conditions[30] and
on the cerebral cortex in an experimental Alzheimer’s rat
model,[31] the administration of moringa extract led to increase
SOD and CAT activities. In the study of Ertik et al., while M.
oleifera leaf extract increased SOD activity in muscle tissue, it
decreased CAT activity.[32] The variations in the results of the
studies may have arisen from tissue diversity or differences in
the dose, method of administration, and frequency of dosing of
moringa.

There is no previous study in the literature examining
salivary gland boron levels. The study by Coban et al., revealed
a decrease in boron levels in rat plasma, kidney, brain, and liver
tissues, which was associated with oxidative stress.[33] Various
studies have shown that boron plays a role in energy and lipid
metabolism.[34] It has been suggested that boron and boron-
containing molecules can be used as natural anticancer agents
or potential drugs in the daily diet.[35] In experimental studies,
boron has been shown to reduce oxidative stress and damage
in cells.[36–38] In the present study, the salivary glands’ boron

concentration decreased significantly in the VA group com-
pared to the C group. It was observed that the amount of boron
increased significantly with the administration of moringa
extract. The boron level in the moringa extract used was
approximately 9 ppm, while its level in the feed given to the
rats was approximately 9 ppm. The boron level in the drinking
water of rats in this study could not be determined since it was
below the detection limit of the carmine method. However, in a
previous study, the amount of boron in the drinking water of
the Marmara region was 0.08 ppm.[39] All groups in the present
study were provided with the same food and drinking water
source. This suggests that the boron intake through food and
water would be similar across all groups. Therefore, the increase
in boron level may be due to the boron content of the M.
oleifera plant.

The findings relating to oxidant parameters of the salivary
glands are given in Table 2. Lipid peroxidation (LPO), sialic acid
(SA), and nitric oxide (NO) values in salivary glands increased
significantly in the VA group compared to the control groups (C
and CM), and significantly decreased in the VM group
compared to the VA group. When the tissue factor (TF) activities
in the salivary glands were compared, no significant difference
was found between the groups (p>0.05). Total oxidant capacity
(TOC) values in the parotid and submandibular salivary glands
increased significantly in the VA group compared to the control
groups (C and CM) and decreased significantly in the VM group
compared to the VA group. However, there was no significant
difference in TOC value between the groups in the sublingual
salivary gland (p>0.05).

LPO occurs when ROS targets polyunsaturated fatty acids.
Malondialdehyde (MDA) is an important marker for the effect of
oxidative stress on LPO.[40] The main indicator of VA-induced
toxicity is a decrease in GSH and an inverse increase in LPO.[18,41]

There is no study in the literature examining the effect of VA on
LPO in salivary glands, but in experimental studies conducted in
other tissues, an increase in MDA has been reported after VA
administration. In the study of Heidari et al., it was found that
GSH reserves and tissue antioxidant capacity decreased, while
LPO increased in kidney tissues of rats given VA.[42] The findings
of this study support the previous findings. LPO increased
significantly in salivary glands in the VA group compared to
group C, and GSH decreased. Additionally, with the adminis-
tration of moringa extract, GSH levels increased in the VM
group compared to the VA group, while LPO levels decreased
significantly. Hence, moringa may have counteracted and
decreased VA-induced defects through its antioxidant proper-
ties.

SA is a potent antioxidant that combats oxidative damage
caused by H2O2. It is susceptible to attack by superoxide and
related ROS. Higher levels of SA in tissues are often associated
with increased ROS levels.[43,44] Previous research has shown that
valproate administration increases SA levels in the brain tissue
of rats.[27] In this study, the administration of moringa extract
significantly reduced the SA levels that had been elevated by
VA. This reduction is likely due to the antioxidant properties of
the compounds in moringa, which helped scavenge ROS
species and mitigate the increase in SA levels induced by VA.

Wiley VCH Dienstag, 02.04.2024

2499 / 347089 [S. 3/9] 1

Chem. Biodiversity 2024, e202301959 (3 of 9) © 2024 Wiley-VHCA AG, Zurich, Switzerland

doi.org/10.1002/cbdv.202301959 Research Article
 16121880, 0, D

ow
nloaded from

 https://onlinelibrary.w
iley.com

/doi/10.1002/cbdv.202301959 by M
arm

ara U
niversity, W

iley O
nline L

ibrary on [22/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



NO has both prooxidant and antioxidant effects in lipid
peroxidation. Besides inhibiting lipid oxidation, NO can directly
neutralize ROS.[45] The administration of VA caused an increase
in NO values in the salivary glands of the VA group compared
to the C group. This may be as a result of inflammation and
inflammatory responses resulting from the accumulation of ROS
and toxic VA metabolites by overexpression of nitric oxide
synthase or stimulation of the NO-citrulline cycle.[46] In the VM
group, NO values in the salivary glands decreased, an indication
of the effective role of M. oleifera extract in reducing VA toxicity.
This outcome is consistent with previous studies reporting that
antioxidant agents such as alpha-lipoic acid[47] and edaravone[48]

could reduce the effect of VA. In addition, M.oleifera extract
decreased NO levels and other oxidants in muscle,[32] liver[11,49]

and kidney tissues.[50] The present outcomes are also consistent
with these findings.

TF is the main initiator of the coagulation system. An
adequate hemostatic clot is essential for the normal wound
healing process.[51] In the present research, no difference was
found in terms of TF activity in salivary glands.

While TOC provides information about the level of oxidants
and ROS in a biological sample, TAC is used to measure the
total antioxidant status.[52] The increase in TOC values and the
decrease in TAC values indicate oxidative stress or increased
susceptibility to oxidative damage.[53] TOC values increased
significantly while TAC values decreased in the salivary glands

of group VA of this study. This phenomenon has also been
reported in various tissue types exposed to VA in other
studies.[42,47,54] This situation may have been caused by the
decrease in GSH levels, GST and SOD activities, as well as
increase in oxidative stress due to VA. Administration of
moringa extract improved TAC and TOC values in the VM group
due to its antioxidant activity. In the study of Imran et al., it was
observed that M. oleifera extract showed similar trend in nerve
tissue as observed in the present study.[55]

The activities of digestive (α-amylase, protease, and maltase)
and metabolic enzymes (alkaline phosphatase and acid phos-
phatase (ALP, ACP), and lactate dehydrogenase (LDH)) in the
salivary glands of all groups are shown in Table 3. Protease
activity was not detected in the sublingual salivary gland.
Administration of VA to the rats significantly changed the
activities of the salivary glands’ digestive and metabolic
enzymes. All enzyme activities increased in the VA group
compared to the C group. The administration of moringa
extract to the VM group significantly reduced these increases in
all salivary glands when compared to the VA group. Moringa
extract administration to the CM group caused a significant
increase in sublingual α-amylase while sublingual ALP and
maltase activity decreased significantly compared to the C
group.

Alpha-amylase and maltase are important enzymes for
carbohydrate metabolism. Many researchers indicate the ele-

Table 2. Comparison of LPO, SA, NO, TF, and TOC values in salivary glands between groups.

Parotid Salivary Gland

Group LPO (μmol MDA/g T) SA (mg/g T) NO (μmol/g T) TF (sec) TOC (μmol/g T)

C 0.373�0.020 1.779�0.164 0.174�0.013 51.67�1.970 0.800�0.013

CM 0.286�0.022 1.718�0.097 0.169�0.010 53.00�2.228 0.669�0.028a

VA 0.539�0.028c,g 2.301�0.127a,f 0.218�0.011a,e 53.13�2.748 0.951�0.057a,h

VM 0.438�0.021g,k 1.661�0.052m 0.178�0.004k 51.75�1.319 0.634�0.020b,r

PANOVA <0.0001 <0.01 <0.01 >0.05 <0.0001

Submandibular Salivary Gland

Group LPO (μmol MDA/g T) SA (mg/g T) NO (μmol/g T) TF (sec) TOC (μmol/g T)

C 0.103�0.003 1.814�0.129 0.142�0.015 27.50�1.722 0.284�0.009

CM 0.104�0.003 1.575�0.088 0.124�0.004 27.38�1.742 0.261�0.014

VA 0.120�0.006a,e 2.298�0.097a,g 0.181�0.004a,g 26.50�0.906 0.326�0.011a,g

VM 0.104�0.006k 1.483�0.113r 0.147�0.005k 27.00�0.866 0.258�0.005n

PANOVA <0.01 <0.0001 <0.001 >0.05 <0.001

Sublingual Salivary Gland

Group LPO (μmol MDA/g T) SA (mg/g T) NO (μmol/g T) TF (sec) TOC (μmol/g T)

C 0.153�0.006 5.935�0.172 0.156�0.005 47.00�1.803 0.405�0.004

CM 0.134�0.018 5.743�0.230 0.134�0.006a 47.13�1.552 0.405�0.003

VA 0.240�0.016c,h 7.413�0.236c,h 0.179�0.003a,h 48.63�1.426 0.414�0.004

VM 0.183�0.015k 5.546�0.230r 0.120�0.006c,r 45.38�0.653 0.404�0.003

PANOVA <0.0001 <0.0001 <0.0001 >0.05 >0.05

Values were given as mean� standard error. T: Tissue, LPO: Lipid peroxidation, MDA: Malondialdehyde, SA: Sialic acid, NO: Nitric oxide, TF: Tissue factor,
TOC: Total oxidant capacity, C: Control group, CM: Moringa extract given control group, VA: Sodium valproate group, VM: Sodium valproate given moringa
extract group, ap<0.05, bp<0.01, cp<0.001 compared to C, ep<0.05, fp<0.01, gp<0.001, hp<0.0001 compared to CM, kp<0.05, mp<0.01, np<0.001, rp<
0.0001 compared to VA.
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vated activities of α-amylase in different complications.[56] In
addition, α-amylase stores and activities are strongly affected by
the sympathetic/parasympathetic activity which is closely
related to the salivary area. It was observed that sympathetic
nerve excitation was related to the loss of acinar granules which
contain α-amylase.[57] Findings indicates that a relationship exist
between sympathetic/parasympathetic activity and VA
administration[9] Once α-amylase hydrolyzes α-1,4 linkages of
starch, glucose, and maltose are formed. Thus, elevated maltase
activity might have been induced by the increased levels of
maltose as a result of increased α-amylase action. Elevated
salivary amylase activity and/or hyperamylasemia are associated
with tumor, pneumonia, and use of various drugs.[58] In line with
these, elevated α-amylase and maltase activities in the VA
treated group was observed in the present study. Acidosis (due
to ketoacidosis) also plays a role on salivary amylase elevation.
This condition is also vital for LDH activity. VA is a strong and
negative effector on mitochondrial respiration rate, it alters
beta-oxidation of biomolecules and promotes lactic
acidosis.[59,60] Furthermore, increased salivary LDH levels in
diabetic patients, which is linked to distorted energy metabo-
lism has been reported.[61] In this study, increased LDH activities
was observed in all the three glands after VA administration.
Moringa decreased α-amylase, maltase, and LDH in all the
salivary glands. The α-amylase inhibitory effect of moringa can

be attributed to its rich flavonoid, phenolic, and sulfur contents.
Formulations containing these phytochemicals are shown to be
inhibitors of α-amylase.[62,63] Magaji et al., proved that the methyl
alcohol extracts (MetOH) of moringa leaves, roots, and seeds
have excellent inhibition effect on α-amylase.[64] In the present
study, the ethanolic extract of moringa administered as a
protective agent decreased α-amylase activity in the VA group,
thereby supporting previous reports. Ertik et al., showed that
moringa extract was a potent inhibitor of LDH both in vitro and
in vivo in VA-induced muscle injury.[32] In another report by
Magaji et al., it was shown that moringa had a powerful
antioxidant capacity by scavenging nitrite and N,N-dimethyl-p-
phenylenediamine (DMPD+) radicals, and also showed ferric
reducing power.[65] Thus, it can be suggested that the inhibition
of α-amylase, maltase, and LDH in all salivary glands of the VM
group may be related to the antioxidant activity of moringa.

ACP and ALP are enzymes that hydrolyze organophosphates
at different pH levels. Their altered activities are associated with
many toxicities. Some reports associates their sensitivity in
media exposed to the toxic chemical compounds.[66,67] In
addition, phosphatases are markers of programmed cell death
in salivary systems of various types of insects.[68,69] In the present
study, the ACP and ALP activities of the VA group were
increased in all parts of the salivary glands as compared to the
control group. Furthermore, elevated protease activities in

Table 3. Comparison of α-amylase, protease, maltase, ALP, ACP and LDH activities of groups in salivary glands.

Parotid Salivary Gland

Group α-Amylase (U/g T) Protease (U/g T) Maltase (mU/g T) ALP (mU/g T) ACP (mU/g T) LDH (mU/g T)

C 300.30�0.92 70.44�1.95 487.00�22.17 59.02�3.18 1132.00�37.96 47.62�1.55

CM 299.80�0.26 61.60�1.40 728.00�27.31d 85.56�2.13a 1418.00�83.99a 47.62�0.01

VA 306.60�0.15d,h 106.20�2.58d,h 762.20�25.57d 278.50�10.14d 2002.00�65.04d,h 107.80�3.99d,h

VM 298.40�0.59r 78.42�4.89e,r 620.80�14.76a,e,m 55.70�3.56f,r 1532.00�52.01c,r 47.62�2.07r

PANOVA <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Submandibular Salivary Gland

Group α-Amylase
(U/g T)

Protease
(U/g T)

Maltase
(mU/g T)

ALP
(mU/g T)

ACP
(mU/g T)

LDH
(mU/g T)

C 141.60�1.15 46.83�2.67 59.08�6.54 166.50�7.13 950.40�160.00 23.81�1.16

CM 151.40�0.33d 36.75�4.22 97.89�17.33 105.60�12.44 1383.00�406.70 23.81�0.87

VA 151.30�0.17d 92.72�3.87d,h 204.00�11.64d,h 331.30�41.66b,g 2953.00�227.50d,f 47.62�0.94d,h

VM 146.80�2.07d,g,m 35.78�1.29r 117.70�6.87a,r 136.30�10.41m 1249.00�119.20n 29.76�3.20r

PANOVA <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Sublingual Salivary Gland

Group α-Amylase
(U/g T)

Protease
(U/g T)

Maltase
(mU/g T)

ALP
(mU/g T)

ACP
(mU/g T)

LDH
(mU/g T)

C 300.90�0.73 N/A 232.80�7.36 43.40�0.93 1567.00�77.83 47.62�1.55

CM 303.30�0.29a N/A 60.85�5.92d 60.76�2.29d 897.10�46.73c 47.63�1.71

VA 304.10�0.73b N/A 418.00�11.83d,h 60.76�0.25d 2358.00�96.52d,h 71.43�3.50d,h

VM 297.90�0.13b,h,r N/A 206.30�1.86h,r 52.46�0.54c,f,n 1659.00�53.43h,r 45.62�0.73r

PANOVA <0.0001 N/A <0.0001 <0.0001 <0.0001 <0.0001

Values were given as mean� standard error. ALP:Alkaline phosphatase, ACP: Acid phosphatase, LDH: Lactate dehyrogenase, C: Control group, CM: Moringa
extract given control group, VA: Sodium valproate group, VM: Sodium valproate given moringa extract group, N/A: Not applicable. ap<0.05, bp<0.01, cp<
0.001, dp<0.0001 compared to C, ep<0.05, fp<0.01, gp<0.001, hp<0.0001 compared to CM, kp<0.05, mp<0.01, np<0.001, rp<0.0001 compared to VA.
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parotid and submandibular glands of VA given group was
detected when compared to the control group. As regards the
importance of protein homeostasis protection particularly in
mitochondria,[70] it can be assumed that VA may have increased
protease activity by damaging mitochondria processes via
increasing oxidative stress. Moringa administration decreased
ACP and ALP activities in all salivary glands and protease
activities in parotid and submandibular glands. This protective
effect may be associated with the antioxidant effect of moringa.

The protein bands obtained by SDS-PAGE were in the same
position for all samples, the molecular weight ranges from 29–
140 kDa in all investigated salivary glands (Figure 1). There were
decreases and increases in some protein bands. No difference
was found between the groups in terms of protein bands in the
parotid salivary glands. The densities of the proteins with 56,
35, and 33 kDa molecular weights in the parotid salivary gland
were much more than those of submandibular and sublingual
salivary glands. In the submandibular salivary gland, the density
of the protein bands with higher molecular weight (80,
98,140 kDa) seemed to be increased in the VA group compared
to the C, CM, and VM groups. On the other hand, a decrease
was observed in the density of 74, 56, 51, and 36 kDa protein
bands in the VA group compared to the C, CM, and VM groups.
The density of the 56 and 51 kDa protein bands in the

submandibular and sublingual salivary glands was noticeably
less than those in the parotid salivary glands.

The densities of the protein bands in the sublingual salivary
gland were lower than in both parotid and submandibular
salivary glands. In the moringa extract given groups (CM and
VM), the intensities of 134, 51, 45, 34, and 28 kDa protein bands
were decreased as compared those of the C and VA groups.
Proteins whose densities changed should be investigated in
detail.

Conclusions

VA causes oxidative damage to major salivary glands that
synthesize and secrete saliva. It interferes with oral homeostasis
by altering the quality and quantity of saliva. The fact that M.
oleifera extract was found to be effective in the regression of
VA-induced changes and it may be an alternative for the
development of different treatment approaches for people
using VA and having salivary gland problem.

The limitation of our study is the lack of salivary parameters
that could support the findings of oxidative damage caused by
VA and the ameliorating effects of M. oleifera on oxidative
damage. Another is the absence of histological findings.

Figure 1. SDS-PAGE patterns of salivary gland proteins. a) Parotid salivary gland b) Submandibular salivary gland c) Sublingual salivary gland
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Experimental Section

Chemicals

The chemicals used in this study were of analytical grade and were
obtained from Merck (Darmstadt, Germany), Sigma-Aldrich (St.
Louis, MO, USA) and Fluka (Buchs, Switzerland) companies. The
sodium valproate was purchased from Merck (Darmstadt, Ger-
many).

Plant Materials

Fresh M. oleifera leaves were collected from farms in Sokoto town
of Sokoto State, Nigeria in 2019. At the Botany Unit of Biological
Sciences Department, Usmanu Danfodiyo University Sokoto, the
plant was identified and authenticated by a taxonomist; Umar
Abdullahi (PhD), followed by deposition of voucher specimens in
the university herbarium (Herbarium number: UDUS/VS/2011/31).

Preparation of Moringa Leaf Extract

M. oleifera leaves were dried in the shade before being pulverized.
The resulting powdery plant leaves were packed in paper
envelopes and stored in polyethylene bags to prevent contami-
nation and moisture absorption. To prepare 70% ethanol extract,
100 g of plant leaves were put into the Soxhlet device. 150 mL of
70% ethanol was added and refluxed until at least 20 siphons were
formed. The solvent was removed in an evaporator. The resulting
residue was weighed, transferred to Eppendorf tubes, and stored at
� 20 °C until use.

Animals

Three-months-old Sprague Dawley female rats weighing 250–300 g
were used in this study which was approved by Marmara University
Experimental Animals Ethics Committee (Decision No: 60.2021mar).
The experimental animals were housed in the animal room which
has optimum temperature (20 °C �2), humidity, and light/dark
(12 h light/12 h dark) conditions. All rats were orally fed pellet-type
rat food and fresh tap water.

Groups

The rats were divided into four groups (8 animals per group);
control (C, 0.9% NaCl given orally for 15 days), control+moringa
extract (CM, a single dose of M. oleifera 70% ethanolic leaf extract
(0.3 g/kg/day) given for 15 days orally), sodium valproate (VA, a
single dose of sodium valproate (0.5 g/kg/day) given orally for
15 days) and valproic acid+moringa extract (VM, sodium valproate
+M. oleifera 70% ethanolic leaf extract given at the same dose and
for the same duration orally). On the 16th day, fasted rats were
sacrificed under anesthesia. Parotid, submandibular, and sublingual
salivary glands were taken and homogenized. The homogenates
were stored in a deep freezer (at � 80 °C) until the experimental
day.

Biochemical Parameters

The homogenates of salivary glands were centrifuged and the
supernatants were used for the analysis of all biochemical
parameters except TF. The homogenate was used directly for TF
analysis.

For salivary glands’ GSH determination, the absorbance of the
colored product of the reaction of Ellman’s reagent 5–5‘dithiobis
(—2-nitrobenzoic acid) (DTNB) and sulfhydryl groups was spectro-
photometrically recorded at 412 nm and calculated using the
extinction coefficient (1.36×104 M� 1 cm� 1).[71]

The levels of SA were evaluated using the method of Warren.[72] For
the assay, the salivary glands samples were first incubated at 80 °C
for 1 hour with 0.1 N H2SO4 and the hydrolysate was used for
analysis. The absorbances obtained from the samples were
determined at 549 nm.

The absorbance of the pink color produced at the end of the
reaction between the LPO product MDA and thiobarbituric acid
(TBA) was evaluated spectrophotometrically to determine LPO.[73]

To measure NO levels, nitrate was converted to nitrite with
vanadium (III) chloride. The complex diazonium compound was
produced based on the reaction of nitrite sulfanilamide with N- (1-
Naphthyl) ethylenediamine dihydrochloride in an acidic medium.
The colored complex formed was measured spectrophotometrically
at 540 nm.[74]

GST activity was measured by the spectrophotometric determina-
tion of the absorbance at 340 nm belonging to the product formed
by conjugation of GSH with 1-chloro-2,4-dinitro-benzene (CDNB).[75]

CAT activity was determined based on the H2O formation reaction
from H2O2. It was noted by the decrease in the absorbance
obtained at 240 nm.[76]

SOD activity was determined by riboflavin-sensitized photooxida-
tion of ortho-dianisidine.[77] Ortho-dianisidine oxidation, by the
reaction with riboflavin, is induced by SOD. The increase in
absorbance depends on the SOD concentration. Finally, the colored
product’s absorbance was determined spectrophotometrically at
460 nm.

TAC is used to provide insights into the development and
treatment of oxidative-stress-related disorders. Antioxidants in the
sample reduce dark blue-green colored ABTS radical to colorless
reduced ABTS form. The change in absorbance at 660 nm is related
to the total antioxidant level of the sample. The assay is calibrated
with a stable antioxidant standard solution which is traditionally
named Trolox Equivalent is a vitamin E analog.[78]

TOC provides information about the level of oxidants and ROS in a
biological sample. Total oxidants present in the sample oxidize the
ferrous ion-chelator complex to ferric ion. The oxidation reaction is
prolonged by enhancer molecules, which are abundantly present in
the reaction medium. The ferric ion makes a colored complex with
chromogen in an acidic medium. The color intensity, which can be
measured spectrophotometrically, is related to the total amount of
oxidant molecules present in the sample. The assay is calibrated
with hydrogen peroxide and the results are expressed in terms of
micromolar hydrogen peroxide equivalent per liter (μmol H2O2

Equiv./L).[79]

TF activity of the salivary glands was evaluated according to the
method of Ingram and Hills.[80] In Quick’s one-stage method, the TF
activity of homogenate was measured using pooled plasma
obtained from healthy subjects. Since the clotting time is inversely
proportional to the activity of TF, the lengthening of the clotting
time shows decreased TF activity.

Boron measurements were performed according to the carminic
acid method of Hatcher and Wilcox[81] with a few modifications.[82]

First, samples were burned in a high-temperature furnace. The
boron determination was carried out with a spectrophotometric
method based on the measurement of the absorbance at 585 nm
of the colored complex formed as a result of the reaction of boron
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and carminic acid in the presence of sulfuric acid. Boric acid was
used as the boron standard.

The alpha amylase activity was determined according to Miller.[83] In
this method, the reducing sugars that were formed by the
hydrolysis of starch were determined with dinitrosalicylic acid.

The protease activity was assayed by the casein digestion method
of Singh et. al.[84] The absorbance of tyrosine residues which were
formed by the degradation of casein (1%) by the presence of
protease was determined at 280 nm.

Maltase activity was determined according to the methodology by
Dahlqvist.[85] The method is based on the measurement of glucose
released from the maltose by the enzymes. Absorbance was
determined at 420 nm.

ALP and ACP activities were determined by the method of Walter
and Schutt.[86] ALP and ACP are the enzymes that catalyze the
hydrolysis of 4-nitrophenyl phosphate to 4-nitrophenol due to the
pH of the reaction medium. Under optimum conditions for
measurements of the ALP and ACP activities, the absorbance was
monitored at 405 nm.

LDH activity was assayed by the method of Bais and Philcox.[87] This
method is based on the ability of LDH to convert pyruvate to
lactate in the presence of coenzyme-reduced nicotinamide adenine
dinucleotide (NADH). The absorbance of the samples was measured
spectrophotometrically at 340 nm.

The total protein (TP) levels in the samples were determined using
the method of Lowry et al.,[88] and bovine serum albumin was used
as the protein standard. Copper ions were applied to the rats
salivary gland samples in an alkaline environment. They were then
reduced with a phosphomolybdic� phosphotungstic acid reagent
(Folin reagent). At 500 nm, the intensity of the blue color was
evaluated spectrophotometrically. The intensity of the blue color
formed is proportional to the protein concentration.

Electrophoresis

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) was also carried out according to the Laemmli method.[89]

The salivary gland homogenates mixed in SDS gel loading buffer
(Tris� HCl, SDS, mercaptoethanol, bromophenol blue, glycerol).
Then, the samples were heated for five min in a boiling water bath,
and equivalent protein concentrations (20 μg total protein) per lane
of the gel loaded on 7.5% SDS polyacrylamide gels (with 4.5%
separating gel). Protein size in kilo Daltons (kDa) was determined
by comparing the relative mobility of each band with the banding
pattern of a colored protein standard of known molecular size. The
mixture of bovine albumin (66 kDa), egg albumin (45 kDa),
glyceraldehyde-3-phosphate dehydrogenase (rabbit muscle,
36 kDa), and bovine carbonic anhydrase (29 kDa) as protein
molecular weight markers were used as standard protein mixture.
Electrophoresis was carried out at 30 mA/gel for one hour, at 20 °C
using Bio-Rad Mini-PROTEAN Tetra Vertical Electrophoresis Cell. For
quantitative measurements, high-resolution test photographs were
taken using a Canon EOS 700D camera with an 18-55 mm lens for
evaluation of protein bands after electrophoresis and the images
were exported as jpeg files. Densitometric plots of protein bands
were drawn using Image J software.[90]

Statistical Analyses

Biochemical results were statistically evaluated via GraphPad Prism
9.0. The values were expressed as means � standard error. Since
there is a normal distribution the results were evaluated using an

unpaired t-test and analysis of variance (ANOVA) followed by
Tukey’s multiple comparison tests. The value of p<0.05 was
considered statistically significant.
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