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Dimethyl nitrosamine (DMN) is a known hepatotoxin, carcinogen, and mutagen. This study is therefore carried
out to investigate the therapeutic effects of syringic acid (SYRA) and ascorbic acid (ASCA) in DMN-induced
hepatic injury in rats. Following DMN administrations, malondialdehyde (MDA), nitric oxide (NO) and
reduced glutathione (GSH) as well as activities of alanine aminotransferase (ALT), aspartate aminotransferase
(AST), glutathione peroxidase (GPx), catalase (CAT), and superoxide dismutase (SOD) were significantly
increased. Also significantly increased were levels of tumor necrosis factor-a (TNF-a), interleukin 1p (IL-1p), and
nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB). Following treatment with SYRA and
ASCA, the activities of ALT, AST, GPx, CAT and SOD, as well as MDA, GSH, TNF-a, IL-1f, and NFkB levels were
significantly reduced. Overall, both treatments were effective, but SYRA had a better therapeutic effect than
ASCA. Therefore, this promising potential of SYRA can be taken advantage of in the treatment of DMN-induced

Oxidative stress
Dimethyl nitrosamine
Syringic acid

hepatic injury.

1. Introduction

DMN is in a class of the N-nitroso compounds seen in some industrial
products as well as processed meats. It is an extremely toxic compound,
capable of causing hepatic fibrosis and cancer [1]. Nitrosamines are
carcinogens that are formed and found in human environment and are
known to promote the formation of reactive species (free radicals) that
can initiate oxidative stress, undermine the protection of cells by anti-
oxidants, and causing cellular injuries. All these are among the factors
that can lead to cancer initiation [2,3]. Chemical-induced free radical
generation leads to oxidative stress in biological systems, causing DNA
damage. Free radicals oxidize cellular thiols and compete with lipid
components (unsaturated fatty acids) of biological membrane for elec-
trons, a process that undermine the membrane integrity [4]. In a normal
cellular state, free radical formation is overwhelmed by the action of
antioxidant proteins, vitamins, and enzymes. Overproduction of free

radicals must be promptly mopped by antioxidants (such as glutathione
reductase, SOD, GPx, CAT, GST, GSH, a-tocopherol, ascorbic acid, etc.),
thereby shielding the cells from their deleterious effects [5].

Phenolic compounds are secondary metabolites, widely found in
most plant fruits and vegetables. They are biosynthesized via the phe-
nylpropanoid and shikimic acid pathways. These natural antioxidants
reduce oxidative stress by mopping cellular reactive oxygen species
(ROS) [6]. Natural compounds having antioxidant properties have been
utilized to alleviate different kinds of disorders like cardiovascular dis-
eases, liver damage, cancer, neurodegenerative diseases, and diabetes
[7-9]. One of such natural compounds is syringic acid (SYRA). It is a
phenolic compound abundantly present in pumpkin, grapes, olives,
spices [10], red wine, honey, acai palm [11], and other plants. SYRA
possesses useful properties capable of treating cancer, diabetes,
inflammation, microbial infection, and possesses anti-oxidative, car-
dioprotective, hepatoprotective, and neuroprotective properties [12].
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Table 1 Table 2
Experimental design/setup. Reverse (R) and forward (F) primer sequences of the genes of interest.
Groups Treatment Gene Sequences
Group Control (1 ml/kg of 0.9% sodium chloride) for 4 weeks NFkB F 5'-TCCCACAAGGGGACATTAAGC-3
1 R 5'-CAATAGGCCTCTAGTAGTAGCCC-3’
Group DMN only (10 mg/kg of 1% w/v of DMN) for 3 consecutive days only per B-Actin F 5'-CCCGCGAGTACAACCTTCTT-3'
2 week for four (4) weeks R 5-CATCGGTAGGTCCGACACAA-3'
Group DMN only (10 mg/kg of 1% w/v of DMN) as in group 2 + 50 mg/kg SYRA
3 everyday for 4 weeks
Group DMN only (10 mg/kg of 1% w/v of DMN) as in group 2 + 100 mg/kg as rats in group II but were immediately treated orally with 50 mg/kg
4 ASCA everyday for 4 weeks and 100 mg/kg of SYRA and ascorbic acid (ASCA) respectively [18,19],
Group 50 mg/kg SYRA everyday for 4 weeks . .
5 every day for 4 weeks, while rats in groups V and VI were orally
Group 100 mg/kg ASCA everyday for 4 weeks administered SYRA and ASCA only respectively, every day for 4 weeks.
6 This experimental design is summarized in the table below. Table 1

SYRA is better than p-hydroxybenzoic acid in scavenging ROS due to the
presence of two methoxy groups at positions 3 and 5 of the aromatic ring
[13]. SYRA has been reported to protect the liver against CCly and
concanavalin-A-induced hepatic damage in mice. SYRA was also re-
ported to significantly decrease the liver function transaminases activ-
ities and cytokine levels. SYRA also decreased high blood pressure and
blocks hypertension-induced organ damage in rats [14]. Non-enzymatic
antioxidants vitamins including ascorbic acid and alpha-tocopherol
levels were significantly elevated by SYRA and activities of liver func-
tion markers such as AST and ALT are also reduced by SYRA in
N-nitro-L-arginine methyl ester (.-NAME)-treated rats. Also, SYRA was
reported to protect neuronal cells against cerebral ischemic damage
[15].

In the light of the above, this study investigated the antioxidative,
anti-inflammatory, and anti-apoptotic effects of SYRA and ASCA treat-
ments in DMN-induced hepatic injury in rats.

2. Materials and methods
2.1. Chemicals and enzyme linked immunosorbent assay (ELISA) kits

The dimethyl nitrosamine (DMN; CoHgN2O; 98% purity) used in this
study was produced by Sigma Chemical Co., Saint Louis, MO, USA.
Syringic acid (SYRA; 98% purity; CoH100s) is produced by AK Scientific,
USA. Tablets of ascorbic acid are produced by Kunimed Pharmachem
Ltd, Ikeja, Lagos, Nigeria. Enzyme linked immunosorbent assay (ELISA)
kits for the quantification of hepatic levels of TNF-a, Bax, IL-1f, Bcl-2,
and caspase-3 were produced by Cusabio Technology Llc, Houston,
TX, USA. Primers (Oligonucleotide sequence) for NF-kB and f-actin for
the reverse transcriptase-polymerase chain reaction (RT-PCR) analyses
were designed by Shanghai ShineGene Molecular Bio-Technologies,
Inc., China.

2.2. Experimental rats

Thirty male Wistar rats that weighed 200 g were sourced from a local
commercial farmer. These rats were kept in cages where water and food
were supplied unrestricted.

2.3. Experimental design

Before the study commenced, approval to conduct this research was
granted by the Research Ethics Committee of the department, which
oversees the handling and use of experimental animals. Acclimatization
(for 2 weeks) of animals was ensured, after which they were grouped
into 6 that comprised 5 animals each. Rats in group I were the control
and were intraperitoneally administered 1 ml/kg of 0.9% sodium
chloride (normal saline). Hepatotoxicity was induced in group II rats
following intraperitoneally injection of 10 mg/kg of 1% w/v of DMN
dissolved in normal saline, three (3) consecutive days only per week for
four (4) weeks [16,17]. Rats in groups III and IV were treated the same

2.4. Sacrifice of animals and collection of samples

After the final administration of test substances, rats were left for 24
h before they were sacrificed. Sacrifice was carried out humanely by
adhering strictly to the documented guidelines provided for the
handling and utilization of animals [20]. Blood samples were obtained
into clean plain tubes, from which serum was taken after centrifugation
for 10 min at 3000 rpm, for the estimation of liver function markers.
Harvested liver from each rat was washed in normal saline, dried, and
each of their weight was noted. Part of the collected liver sample was
homogenized in buffer solution (0.1 M phosphate buffer of pH 7.4). The
homogenized samples were centrifuged at 5000 rpm for 10 min, and the
supernatant of each sample was collected for the quantification of
apoptotic, pro-inflammatory, and oxidative stress markers. A portion of
each liver was also collected in trizol reagent for the preservation and
extraction of liver mRNA needed for the RT-PCR analysis.

2.5. Estimation of serum ALT and AST activities

Activities of serum transaminases (ALT and AST) were estimated
using the methods described in commercial assay kits manufactured by
Randox Laboratories Ltd, United Kingdom.

2.6. Determination of liver MDA, NO and GSH levels

Assay to quantify the liver level of MDA was done using the method
described by Buege and Aust [21], liver level of NO (detection of nitrite
ion) was quantified using the Griess reagent, as established by Green
et al. [22], while liver level of GSH was quantified using the protocol of
Moron et al. [23].

2.7. Quantification of liver activities of SOD, GPx, CAT, and GST

SOD activity in the liver was quantified as described by Misra and
Fridovich [24], GPx activity in the liver was estimated using Rotruck
et al. [25] method, quantification of liver CAT activity was done ac-
cording to Sinha [26] method, while the activity of liver GST was
determined using the Habig et al. [27] method.

2.8. ELISA quantification of liver IL-15, TNF-a, Bcl-2, caspase-3, and
bax

ELISA method as highlighted in the Cusabio ELISA kits for IL-1p,
TNF-a, Bcl-2, caspase-3, and Bax was followed and used [28].

2.9. Reverse transcriptase (RT) gene expressions of liver NF-«xB

From the liver samples collected in trizol reagent, mRNA was
extracted. The extracted mRNA was used for the synthesis of comple-
mentary DNA (cDNA). Polymerase chain reaction technique was used to
amplify the synthesized ¢cDNA in a PCR thermocycler where 30
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Fig. 1. Treatment outcomes of SYRA and ASCA on body weights (Fig. 1A) and relative weights of liver (Fig. 1B). Bars depict mean + SEM. Bars sharing similar labels
are not significant statistically (p > 0.05). DMN = dimethyl nitrosamine; SYRA = syringic acid; ASCA = ascorbic acid.
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Fig. 2. Treatment effects of SYRA and ASCA on activities of serum ALT (Fig. 2A) and AST (Fig. 2B) in DMN-induced hepatic injury. Bars depict mean + SEM. Bars
sharing similar labels are not significant statistically (p > 0.05). DMN = dimethyl nitrosamine; SYRA = syringic acid; ASCA = ascorbic acid.

amplification cycles was done, which also requires the availability of
DNA templates and the backward and forward primers of interested
genes as depicted in Table 2.

Amplified genes were run on gel (gel electrophoresis). Bands of
cDNA were captured, and their degree of intensity were measured
quantitatively compared to that of p-actin, which served as the gate-
keeper gene, using a software for image analysis [29].

2.10. Total protein estimation

Liver concentration of total protein was determined using the Gor-
nall et al. [30] method. Liver total protein concentration of each animal
was used to calculate the antioxidant enzyme activities.

2.11. Liver histopathology

Liver sections fixed in 10% p-formaldehyde were processed on glass
slides, dehydrated using decreasing concentrations of ethanol, stained
with eosin-hematoxylin dye, and observed at x4 magnification under the
microscope.

2.12. Statistical analyses

Generated data were all analyzed by one way analysis of variance,
followed by Tukey’s test that checked for the significance that existed
among the six groups, using Graph Pad Prism v6.0. All results were
written as mean =+ standard error of mean, and P-values above 0.05
were accepted to be significant.

3. Results

3.1. Treatment effects of ASCA and SYRA on relative liver weight of
DMN-administered rats

The results of body weight (Fig. 1A) and relative liver weight
(Fig. 1B) of rats are shown in Fig. 1. Administrations of DMN and other
treatments had no effect on the relative liver weight (Fig. 1B), except for
rats administered SYRA only, which resulted in a significant (p < 0.05)
decrease the relative liver weight by 17.79% compared with rats
exposed to DMN only.

3.2. Treatment effects of ASCA and SYRA on activities of serum ALT and
AST

In Fig. 2, administration of DMN to rats significantly (p < 0.05)
increased the activities of serum ALT (Fig. 2A) and AST (Fig. 2B) by
214.11% and 57.06% respectively compared with control. Treatment
with SYRA significantly (p < 0.05) decreased the activities of the two
enzymes by 37.16% (AST) and 68.81% (ALT), while treatment with
ASCA significantly (p < 0.05) reduced the activities of the two enzymes
by 36.18% (AST) and 67.60% (ALT) compared with DMN only.

3.3. Treatment effects of ASCA and SYRA on liver concentrations of
MDA, NO, and GSH

Concentration of hepatic MDA (Fig. 3A) was elevated significantly
(p < 0.05) following the DMN only exposure (by 101.52%) compared
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Fig. 3. Treatment effects of SYRA and ASCA on concentrations of MDA (Fig. 3A), NO (Fig. 3B), and GSH (Fig. 3C) in DMN-induced hepatic injury. Bars depict mean
+ SEM. Bars sharing similar labels are not significant statistically (p > 0.05). DMN = dimethyl nitrosamine; SYRA = syringic acid; ASCA = ascorbic acid.
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Fig. 4. Treatment effects of SYRA and ASCA on activities of GPx (Fig. 4A), GST (Fig. 4B), CAT (Fig. 4C), and SOD (Fig. 4D) in DMN-induced hepatic injury. Bars

depict mean + SEM. Bars sharing similar labels are not significant statistically (p > 0.05). DMN

= dimethyl nitrosamine; SYRA = syringic acid; ASCA = ascorbic acid.
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Fig. 5. Treatment effects of SYRA and ASCA on levels of pro-inflammatory and apoptotic parameters in DMN-induced hepatic injury. Bars depict mean + SEM. Bars
sharing similar labels are not significant statistically (p > 0.05). DMN = dimethyl nitrosamine; SYRA = syringic acid; ASCA = ascorbic acid.

with rats that served as control. The elevated liver MDA concentration
was significantly lowered following treatments with SYRA (by 49.65%)
and ASCA (by 49.44%) compared with DMN only administered rats.
Liver NO (Fig. 3B) was significantly decreased by 24.10% following
administration of DMN to rats compared with control. No significant
difference in NO level was recorded after SYRA treatment but there was
a significant decrease by 45.84% after ASCA administration, compared
with DMN. For liver GSH (Fig. 3C), the increase in the level of the non-
enzymatic antioxidant in DMN administered rats compared with control
was significant by 65.32%. Both SYRA and ASCA significantly (p < 0.05)
lowered the protein by 30.04% and 20.83% respectively, compared with
DMN only.

3.4. Treatment effects of ASCA and SYRA on hepatic activities of SOD,
GPx, CAT, and GST

The intraperitoneal injection of DMN to rats caused a significant (p
< 0.05) elevation in the liver activity of GPx (Fig. 4A) by 32.03%
compared with control. ASCA intervention had no significant effect, but
SYRA intervention yielded a significant reduction by 17.23% compared
with rats administered DMN only. In Fig. 4B, liver GST activity was
reduced by 24.14% due to DMN administrations, compared with the rats
in control group. ASCA and SYRA treatments significantly raised in the

hepatic activity of GST by 65.08% and 55.13% respectively compared
with DMN only exposed rats. Hepatic CAT activity (Fig. 4C) was
elevated (by 88.36%) significantly due to DMN administrations
compared with rats in control group. Following SYRA treatments, a
reduction in CAT activity by 28.94% compared with DMN only exposed
rats was recorded. Similarly, liver SOD activity (Fig. 4D) was elevated
(by 97.19%) significantly by DMN administrations compared with
control rats. At the end of treatments, both SYRA and ASCA effectively
decreased the liver SOD activity by 28.95% and 17.25% respectively,
compared with DMN only exposed rats.

3.5. Treatment effects of SYRA and ASCA on liver levels of pro-
inflammatory and apoptotic parameters

Liver level of TNF-a was significantly increased in rats intraperito-
neally injected with DMN (by 121.32%) compared with control rats
(Fig. 5A). At the end of ASCA and SYRA treatments, a significant
reduction by 23.88% and 36.84% respectively was seen compared with
DMN only exposed rats. Like TNF-a, IL-1p level in the liver (Fig. 5B) was
elevated significantly by 173.37% compared with rats in control group.
ASCA and SYRA interventions significantly reduced liver IL-1p level by
26.30% and 35.97% respectively, compared with DMN only. For liver
caspase-3 level (Fig. 5C), a significant increase by 168.07% was
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recorded compared with control. This significant elevation in caspase-3
was significantly brought down by SYRA (33.21%) only, compared with
DMN only. Similar result was recorded for Bax (Fig. 5D), a significant
increase by 99.23% was recorded compared with control. This signifi-
cant elevation in hepatic Bax was significantly lowered by SYRA (by
36.17%) only, compared with DMN only. Contrarily, Bcl-2 level
(Fig. 5E) was significantly decreased by DMN administrations (by
32.48%) compared with control. At the end of treatments with SYRA
and ASCA, there was a significant increase in Bcl-2 level by 45.12% for
ASCA only, compared with DMN only. For the Bax/Bcl-2 ratio (Fig. 5F),
which serves as an apoptotic index, a significant rise in this ratio by
192.10% was seen in DMN administered rats compared with rats
designated as control. Administrations of SYRA and ASCA significantly
brought down the ratio by 48.88% and 33.06%, respectively compared
with DMN only.

Biochemistry and Biophysics Reports 33 (2023) 101428

3.6. Treatment effects of SYRA and ASCA on liver NF-kB mRNA
expressions

For liver NFKkB, a significant increase by 48.42% was seen compared
with control (Fig. 7E). Also, 19.15% and 40.43% significant reduction
were seen after SYRA and ASCA treatments respectively, compared with
DMN only (Fig. 6).

3.7. Effect of SYRA and ASCA treatments on hepatic architectures of
DMN administered rats

As a result of DMN administration only, liver of rats showed absolute
architecture disruption, presence of fibrotic bands around the nodules,
presence of lymphocytes at the edge of the nodules and central vein, and
absolute disruption of hepatic parenchyma cells (Fig. 7). After treat-
ments of DMN-induced injury with SYRA, liver of rats showed conges-
tion, mild disseminated periportal infiltration by inflammatory cells,
and intact parenchyma cells (Fig. 7). Treatments of DMN-induced injury
by ASCA also showed congestion, marked disseminated periportal
infiltration by inflammatory cells, and trabecular-like fibrous connective
tissue with few parenchyma cells (Fig. 7). Liver of rats administered only
SYRA and ASCA separately showed no visible lesion (Fig. 7).

4. Discussion

This present study looked at the therapeutic effects of SYRA and
ASCA on DMN-induced hepatic oxidative stress, inflammation, and
apoptosis in rats.

Hepatocellular damage is marked by elevated activities of enzyme
markers such as ALP, ALT and AST [31]. Following liver cell membrane
destruction, these markers find their way into the blood circulation
where they raised the serum levels [32,33]. Administrations of DMN to
rats significantly increased the serum levels of the ALT and AST
compared with control. The elevated serum levels of both transaminases
in this study after administration of DMN is an indication of hepato-
cellular damage, since these enzymes are localized within the tissue and
can only find their way into the blood if the cellular membrane integrity
is compromised, as previously reported by Fukawa et al. [34], Abdu and
Al-Bogami [35] and Somade et al. [32]. The liver damaging effect of
DMN was abrogated by treatments with SYRA and ASCA, which brought
the levels of both enzymes back to normal (when compared with con-
trol), a revelation that the two compounds may possess antioxidant as
well as cell membrane and integrity-protecting properties against
DMN-induced hepatotoxicity [32].

Oxidative stress can result into the disorganization of redox signals,

Fig. 7. Treatment effects of SYRA and ASCA on liver
architecture (magnification x4). Control (A) showing
no visible lesion; DMN (B) showing absolute archi-
tecture disruption, presence of fibrotic bands around
the nodules, presence of lymphocytes at the edge of
the nodules and central vein. There is absolute
disruption of hepatic parenchyma cells; DMN + SYRA
(C) showing congestion, mild disseminated periportal
infiltration by inflammatory cells, and the paren-
chyma cells are intact; DMN + ASCA (D) showing
congestion, marked disseminated periportal infiltra-
tion by inflammatory cells, trabecular-like fibrous
connective tissue with few parenchyma cells; SYRA
(E) showing no visible lesion; ASCA (F) showing no
visible lesion. DMN = dimethyl nitrosamine; SYRA =
syringic acid; ASCA = ascorbic acid.
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thereby leading to tissue damage. In oxidative stress, the endogenous
antioxidant armory is overwhelmed, causing the excessive production of
free radicals [36]. To prevent oxidative stress, there are standby defense
and protective systems that can detoxify or render lethal chemicals
unharmful via the inhibition of ROS production. In hepatocytes, the
generated free radicals can lead to hepatic damage, providing a cellular
signal to switch on Ito cells activation [37]. In this study, the elevated
levels of MDA and GSH, as well as activities of GPx, SOD, and CAT in rats
only challenged with DMN compared with control, is an indication of
DMN-induced oxidative stress in the rats [32,38]. The elevated levels
signify an adaptive mechanism to respond and tackle the cellular
overproduction of ROS in the liver of DMN-administered rats. However,
SYRA and ASCA were able to exert their antioxidant properties and
protected the liver cells against ROS production that can elicit hepatic
oxidative stress in the rats [32,38,39]. NO is generated by nitric oxide
synthase from r-arginine. There are 3 types of nitric oxide synthase, but
the NO formed by the catalysis of inducible nitric oxide synthase (iNOS)
is known to be reactive nitrogen species. The generation of peroxynitrite
from NO usually happens when NO has only attained toxic levels, a point
where it begins to compete with SOD for superoxide radical scavenging,
and this may be responsible for the reduced level of liver NO in the
toxicant only group compared to the control group.

NF-xB is a nuclear transcriptional factor that is indirectly under the
control of Akt. Indirectly because Akt does not directly phosphorylate
NF-kB but IKKa, an enzyme that phosphorylate IkB, which is found
sequestered to NF-kB in the cytosol. Production of free radicals or cy-
tokines (IL-1p and TNF-a) stimulates IKKa to phosphorylate IkB,
enabling the separated and activated NF-kB to translocate to the nucleus
[40] and associate with other transcription factors to express large
amounts of chemokines and pro-inflammatory cytokines like IL-6, IL-1p,
and TNF-a [41], leading to an uncontrolled tissue inflammation. These
pro-inflammatory cytokines are known to be players in the progression
of chronic liver diseases that lead to liver disorders including fibrosis
and cirrhosis [42,43]. In this study, DMN administrations significantly
increased the levels of pro-inflammatory cytokines compared with
control animals. This significant increase in the levels of TNF-a and IL-1f
as well as mRNA expression of NF-kB recorded following DMN-induced
hepatic injury is a clear indication of severe injury that may have led to
hepatic inflammation in the animals. SYRA and ASCA demonstrated
anti-inflammatory actions by blocking NF-«kB pathway activation via the
downregulation of pro-inflammatory cytokine productions, thereby
restoring them (TNF-a) to levels that are comparable to the control.
Thus, we propose that the anti-inflammatory mechanism of action of
SYRA and ASCA may be through the inhibition of pro-inflammatory
cytokines and NF-kB pathway.

Bcl-2 and Bax participate in apoptosis, as well as caspase-3, a
downstream executor of apoptosis. While bax and caspase-3 are pro-
apoptotic, bcl-2 blocks apoptosis (anti-apoptotic), and they all partici-
pate in the apoptotic process by controlling of mitochondrial function
[44,45]. This they do by creating pores on mitochondrial membrane,
causing leakage and release of cytochrome c into the cytosol [46,47].
Upregulated Bcl-2 level in the cell inhibits the formation of mitochon-
dria pore and so, the inhibition of Bcl-2 potentiates cytochrome c release
[44,48]. Administration of DMN only increased the hepatic Bax and
caspase-3 levels, and decreased hepatic Bcl-2 level, when this group is
compared with the control, suggesting DMN-induced hepatic damage,
which may have occurred beyond repair and necessitated the down-
regulation of antiapoptotic Bcl2 protein and, activation of the
Bax-caspase-3 apoptotic pathway in the liver of rats. The decreased
levels of liver Bax and caspase-3, as well as elevated level of liver Bcl-2
following SYRA and ASCA interventions is an indication of their anti-
apoptotic potentials in liver of DMN-challenged rats.

Hepatotoxicity induced by DMN in this study was further corrobo-
rated by the results of liver histopathology that revealed absolute ar-
chitecture disruption, presence of fibrotic bands around the nodules,
presence of lymphocytes at the edge of the nodules and central vein, and
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absolute disruption of hepatic parenchyma cells. These severe patho-
logical alterations and disorders were corrected by SYRA and ASCA
treatments, as marked by intact parenchyma cells and mild disseminated
periportal infiltration by inflammatory cells.

5. Conclusion

Findings from this study have revealed that SYRA demonstrated a
better antioxidative, anti-inflammatory, and antiapoptotic effects than
ASCA in the liver of DMN-administered rats. Thus, SYRA could be a
promising candidate for the treatment of DMN-induced hepatic injury.
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