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ABSTRACT

Introduction and aim. Mercury chloride is a potent hepatotoxin that disrupts liver architecture, glucose metabolism, and nu-
clear integrity. To our knowledge, no previous study has evaluated the histochemical effects of the ethanol extract of Senecio
biafrae leaves (EESBL) on mercury chloride-induced hepatic injury. This study presents new evidence for the glycogen stabiliz-
ing and genoprotective properties of its compounds.

Material and methods. Forty-nine adult Wistar rats were randomly assigned to seven groups (n=7 per group). Except for the
control, all received 4 mg/kg mercury chloride orally for 21 days. Group Il rats were sacrificed immediately after exposure, while
group lll underwent a 21-day recovery. Group IV received 2 mg/kg silymarin, and also Groups V-VII received 200, 400, and 600
mg/kg EESBL, respectively, for 21 days. Liver tissues were harvested for histochemical evaluation using periodic acid-Schiff
(PAS) and Feulgen staining.

Results. Mercury chloride significantly depleted liver glycogen stores (PAS-positive area: control 75.00+0.56% vs tox-
ic 20.00+1.09%). EESBL restored glycogen storage in a dose-dependent manner (200 mg/kg: 52.02+0.56%; 400 mg/kg:
60.00+0.57%; 600 mg/kg: 72.06+0.57%), approaching silymarin (68.00+0.57%). Nuclear DNA integrity was markedly affected
by HgCl, (Feulgen-positive area: control 16.20+0.19% vs toxic 9.00+0.33%). EESBL improved nuclear morphology and DNA in-
tensity (200 mg/kg: 11.11+0.12%; 400 mg/kg: 13.20+0.44%; 600 mg/kg: 14.06+0.33%), comparable to silymarin (14.00+0.25%)
(all p<0.001).

Conclusion. EESBL demonstrated protective effects against mercury chloride-induced hepatotoxicity by stabilizing hepatic
glycogen metabolism and nuclear structure, underscoring its therapeutic potential in mitigating heavy metal-induced liver
injury.
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Introduction

Mercury chloride (HgCl,), a highly toxic inorganic
compound, is commonly encountered through envi-
ronmental and occupational sources such as mining,
industrial effluents, battery manufacturing and phar-
maceutical waste disposal."* Exposure in humans and

animals occurs primarily through the consumption of
tainted food or water, breathing in airborne contami-
nants, or contact with the skin. Once absorbed, mer-
cury ions bind to sulthydryl groups in proteins and
also accumulate in vital organs, particularly the liver
and kidneys.** In the liver, mercury disrupts key cellu-
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lar processes, including glucose metabolism and DNA
stability.>® The liver is essential for metabolic control,
encompassing glycogen storage, detoxification, and
maintenance of genomic integrity.”® Its highly orga-
nized architecture rich in hepatocytes and a structured
extracellular matrix (ECM) supports these vital phys-
iological functions. As the primary site for glycogen
synthesis and storage, the liver maintains the systemic
energy balance.” Furthermore, the nucleus safeguards
genetic material, making DNA integrity essential for
liver regeneration and function."

Mercury chloride doses in rodent models are typi-
cally classified as low, moderate, or high based on tox-
icological and experimental data. Low doses (1 mg/kg/
day) mimic chronic environmental exposure and gen-
erally result in mild biochemical or histological chang-
es without overt tissue damage."" Moderate doses (2-7
mg/kg) are associated with oxidative stress, DNA dam-
age, and mild to moderate liver or renal lesions.'? High
doses (7 mg / kg) induce acute toxicity, characterized
by hepatocellular necrosis, nuclear condensation, and
widespread tissue degeneration.” These dose classifica-
tions are critical to modeling human exposure and eval-
uating the efficacy of therapeutic interventions.

To evaluate alterations in liver tissue, histochemical
staining techniques offer a precise visualization of intra-
cellular biochemical changes at the microscopic level.**
The periodic acid-Schiff reaction (PAS) detects glycogen
deposits, while the Feulgen reaction identifies nuclear
DNA, providing sensitive markers of cytoplasmic and
nuclear integrity, respectively. Together, these staining
methods enable a comprehensive histochemical assess-
ment of hepatocyte injury and recovery in experimental
models of hepatotoxicity.'®

In the search for safe and effective interventions,
the therapeutic value of medicinal plants has drawn in-
terest in mitigating toxicant-induced tissue damage.'*"’
Senecio biafrae, a leafy vegetable widely consumed in
West Africa (including Nigeria, Benin and Ghana), is
traditionally valued for its nutritional and therapeutic
properties.'® Phytochemical studies have identified fla-
vonoids, phenolics, alkaloids, saponins, tannins, and vi-
tamins as key bioactive constituents of S. biafrae.'” These
substances are recognized for their anti-inflammatory,
antioxidant, and also cytoprotective activities. However,
the specific effects of these constituents on liver histoar-
chitecture after mercury chloride-induced hepatotoxic-
ity remain largely underexplored.

Aim

This study aims to investigate the histochemical effects
of the ethanol extract of S. biafrae leaves (EESBL) on
mercury-chloride-induced hepatic injury, specifically
its ability to restore glycogen reserves and maintain nu-
clear DNA integrity. To our knowledge, this is the first

study to provide histochemical evidence of the protec-
tive effects of S. biafrae on mercury-induced alterations
in hepatic metabolism and nuclear architecture.

Material and methods

Chemicals and drugs

Mercury chloride (white crystalline form; British Drug
Houses Ltd., Poole, England) was used as a hepatotoxic
agent. Silymarin tablets (Silybon-70"70 mg; Micro Labs
Ltd., India) served as the reference hepatoprotective
agent. Diethyl ether (= 99.8%; British Drug Houses Ltd.,
Poole, England) was utilized for anesthesia.

Gathering and authentication of plant materials

For this investigation, green Senecio biafrae leaves were
collected and authenticated at Obafemi Awolowo Uni-
versity’s Department of Botany in Ile-Ife. For future use,
a sample from the voucher (IFE/18215) was placed in
the departmental herbarium.

The preparation of ethanol extract of Senecio biafrae leaf
The collected leaves were air dried, pulverized, and ex-
tracted three times with 80% ethanol at standard tem-
perature under continuous magnetic stirring every 24
hours. The combined extracts were filtered using What-
man No. 1 filter paper, condensed in a low pressure ro-
tary evaporator and then lyophilized. Before being used,
the drained extract was kept in a drying device.?

Experimental animals

The Animal Holding, College of Health Sciences,
Obafemi Awolowo University, Ile-Ife, provided 49 adult
male Wistar rats weighing between 180 and 200 grams.
The animals were kept in conventional laboratory set-
tings (12 hours light/dark cycle, temperature, and rela-
tive humidity) with unlimited access to clean water and
standard rat food (Ace Feeds, Osogbo, Nigeria). The In-
stitute of Public Health, Obafemi Awolowo University,
Ile-Ife’s Health Research and Ethics Committee (HREC)
granted ethical approval (IPH/OAU/12/2543). In accor-
dance with the National Institutes of Health’s Guide for
the Care and Use of Laboratory Animals, the rats were
treated humanely.”!

Experimental design

Animals were randomly assigned to seven groups (n=7

per group)

- Group I (Control): Distilled water (2 mL/kg, thro-
ugh oral) for 42 days.

- Group II (Toxic control): Mercury chloride (4 mg/
kg/day, orally) for 21 days; sacrificed 24 h after the
last dose.

- Group IIT (Recovery): Mercury chloride (4 mg/kg/
day, orally) for 21 days; observed without treatment
for another 21 days.
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Fig. 1. Representative microscopy images of PAS-stained liver sections, I: Diffuse, severe PAS signal staining with uniform
distribution throughout the lobule (normal glycogen storage), Il: Markedly reduced PAS positivity with an irregular staining
pattern, lll, V: Partial restoration of PAS reactivity with improved, yet nonuniform staining, IV, VI, VII: Moderate PAS positivity
indicates restored glycogen accumulation in hepatocytes. Insets: Diastase-digested sections serving as negative control

(scale bar=50 um)

- Group IV (Standard treatment): Mercury chloride
(4 mg/kg/day, orally) for 21 days; followed by sily-
marin (2 mg/kg, orally 12-hourly) for 21 days.

- Group V-VII (Test treatment): Mercury chloride
(4 mg/kg/day, orally) for 21 days; followed by etha-
nol extract of EESBL at 200, 400, and 600 mg/kg/
day, respectively, for 21 days.

Tissue collection and processing

All rats were sacrificed under diethyl ether anesthe-
sia twenty-four hours after the last treatment. The en-
tire liver was excised and weighed and the median lobe
was harvested uniformly from all animals to eliminate
lobe-specific variability in response to toxic insult.”

Histochemical procedure

10% neutral buffered formalin (NBF) was used to fix liv-
er samples by total immersion for 48 hours for the his-
tochemical demonstration of glycogen and DNA. The
Drury and Wallington paraffin wax embedding tech-
nique was used to process tissues for light microscopic
examination.”

Process for periodic acid-Schiff (PAS) Staining

The PAS reaction was used for the demonstration of
(carbohydrate) glycogen deposition. Deparaffinized tis-
sue sections were rehydrated through descending alco-
hol concentrations and then treated with a 1% aqueous
periodic acid solution for 10 minutes; This oxidation
step creates aldehyde groups from tissue carbohydrates,
which then react with Schift reagent for 30 minutes,
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turning the tissue sections a light pink color. After be-
ing washed in lukewarm water, the sections darken to
vibrant pink. In contrast, the tissue was counterstained
with Harris hematoxylin, turning the nuclei blue. The
glycogen and other carbohydrates are stained with ma-
genta, allowing their identification in the tissue. In PAS
with diastase digestion (PAS-D), tissue sections were
pretreated with amylase enzyme to digest glycogen,
leaving only other carbohydrate deposits visible, help-
ing to identify glycogen content.”»?

Feulgen staining procedure

The Feulgen reaction was used to demonstrate the con-
tents of deoxyribonucleic acid (DNA) contents. The
procedure was carried out as described by Feulgen and
Rossenbeck (1924).7 This method relies on the acid hy-
drolysis of DNA to expose aldehydes on deoxyribose
sugar, which are then detected by Schiff’s reagent. De-
paraffinized tissues were rehydrated in descending con-
centrations of alcohol for 2 minutes each, followed by
mild hydrolysis in prewarmed 1N hydrochloric acid at
60°C for 8 minutes. After rinsing, Schift’s reagent was
applied for 1.5 hours, which binds to exposed aldehydes,
resulting in a magenta color. The sections are then treat-
ed with sulfurous acid and washed with running water
before being counterstained with light green for con-
trast. DNA is stained magenta, while the cytoplasm
is stained green. At the same time, as the test sections
were hydrolyzed, the control sections were also left in
distilled water for the same time for hydrolysis. Both the
test and control sections go through the same procedure
and process. The control section was negative, showing
no trace of magenta coloration, confirming the specific-
ity of the reaction.”*

Photomicrography and image analysis

Permanent pictures of stained sections were captured
using a LEICA research microscope (DM750) attached
to a digital photography device (LEICA ICC50). On ev-
ery micrograph, the scale bars were combined. Using
a computer that runs image analysis software (Image]®
NIH, US) according to the manufacturer’s instructions,
PAS and Feulgen stained micrographs were measured
for staining intensity and nuclear damage using the ap-
proach described by Amber.?® To analyze particular re-
gions of the micrographs, Image]® region of interest
(ROI) management tool was used. After obtaining av-
erage gray values for each of the three ROI, the means
were calculated and examined.

Statistical analysis

GraphPad Prism (version 9.3, GraphPad Software, San
Diego, CA, USA) was used to analyze the data, and
the results were presented as meantstandard error of
the mean (SEM). One-way analysis of variance (ANO-

VA) with the Tukey post hoc test was used to evaluate
whether there were significant differences between the
means of the group. A 0.05 alpha threshold was consid-
ered significant.

Results

Effect of ethanol extract of S. biafrae leaves on hepatic
glycogen

As depicted in Figure 1, a photomicrograph of liver sec-
tions subjected to PAS staining revealed that group I rats
showed normal glycogen storage within the cytoplasm
of their hepatocytes, evident by the intense and dif-
fuse PAS staining, while in group II rats, mercury chlo-
ride caused abnormal glycogen storage, exhibited by a
marked reduction in PAS positivity, reflecting glyco-
gen depletion. However, EESBL-treated groups (V-VII)
showed dose-dependent restoration of PAS staining,
demonstrated by the consistent glycogen storage, with
the 600 mg/kg dose showing near-normal glycogen dis-
tribution. This was comparable to the silymarin-admin-
istered rats, which had considerable glycogen reserves.
The digested region of the glycogen store was disclosed
by diastase control among the set (Insets, Fig. 1).
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Fig. 2. Percentage area of PAS-positive staining for
glycogen granules of the liver of adult Wistar rats exposed
to HgCl toxicity. Each bar represents Mean+SEM. The bars
with surz)erscript (a) are significantly different from [; the
groups with alphabet (a) are significantly different from

IV, however, the bars with superscript ((3) are significantly
different from Il, using one-way ANOVA, Tukey test at
p<0.05

Glycogen store morphometry

As shown in Figure 2, the percentage area of PAS-posi-
tive staining within the Region of Interest (ROI) in the
seven experimental groups. Group I rats showed high
PAS positivity (75.00+0.56), which indicates abundant
glycogen stores compared with group II rats with very
low PAS positivity (20.00+1.09) due to glycogen deple-
tion caused by mercury chloride. There is a partial resto-
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Fig. 3. Representative photomicrographs of liver sections stained with the Feulgen reaction for DNA, I: uniform magenta staining
of nuclei, with regular nuclear size, shape, and even chromatin distribution (normal), II: Irregular nuclear morphology, chromatin
fading (rounded circles), and fragmentation (dotted circles); prominent pyknosis, ll, V: Reduced chromatin condensation, fewer
pyknotic nuclei, and improved nuclear morphology, IV, VI, VIl: Moderately restored nuclear features with reduced chromatin
condensation. Insets: Unhydrolyzed sections showing the absence of DNA-specific staining (scale bar=50 pm)

ration of glycogen stores in group III rats (42.10+0.57),
in contrast to the control group and the treatment
groups. Silymarin-treated group IV rats displayed
near-normal glycogen stores (68.00+0.57) in contrast
to EESBL-treated rats and group I rats. EESBL-treated
rats (groups V-VII) dose-dependently restored glycogen
stores (52.02+0.56, 60.00+0.57, 72.06+0.57, respective-
ly) compared with group II rats (20.00+1.09). 200 and
400 mg/kg EESBL showed moderate recovery of glyco-
gen stores, in contrast to the control group, although
600 mg/kg EESBL almost matched the control group
(F=833.00; p<0.001).

Effect of the ethanol extract of S. biafrae leaves on he-
patic nuclear DNA

Photomicrograph Representative sections of liver ex-
posed to Feulgen staining, as shown in Figure 3, re-
vealed the following observations: group I rats exhibited
well-defined Hepatocyte nucleoplasm has euchromatic
nuclei with unique nuclear DNA, while mercury chlo-
ride caused DNA fragmentation and lightly stained
nuclei, chromatin condensation, and pleomorphism,
indicating DNA degradation as observed in group II
rats. Groups III and V rats showed reduced chromatin
condensation, improved nuclear morphology, and few-
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er pyknotic nuclei. However, EESBL treatment marked-
ly restored nuclear DNA staining, especially in the 400
600 mg/kg groups, preserving nuclear morphology sim-
ilar to that of the silymarin-treated group IV rats. Unhy-
drolyzed sections (control) showed no specific nuclear
staining (Insets, Fig. 3).

Nuclear DNA morphometry

As shown in Figure 4, the percentage area of Feulgen
stained nuclear DNA in the seven experimental groups
revealed that mercury chloride significantly distorts
nuclear morphology, indicating nuclear damage and
DNA loss in group II rats (9.00+0.33) when compared
to group I rats (16.20+0.19), which revealed intact nu-
clear DNA and normal nuclear morphology. There is a
slight improvement in group III rats (11.00+0.31) when
compared to group II rats, which suggests partial spon-
taneous recovery, but is still insufficient to restore DNA
integrity. However, EESBL demonstrated a dose-depen-
dent improvement in the restoration of nuclear DNA
integrity, evident by a significant increase (p <0.001)
in the nuclear DNA in rats given EESBL (11.11+0.12,
13.20+0.44, 14.06+0.33, respectively) compared with
group II rats (9.00+0.33). Silymarin-treated group IV
rats had a substantial rise in area covered by nucle-
ar DNA (14.00+0.25) when contrasted with the tox-
ic group (9.00£0.33); this is comparable to 600 mg/kg
EESBL (group VII), suggesting that there is an increased
restorative effect at a higher dose of EESBL comparable
to the control group (F=55.36; p<0.001).

Discussion

Mercury-induced hepatotoxicity remains a major toxi-
cological concern due to its deleterious effects on hepat-
ic nuclear integrity and metabolic regulation. The liver,
as a vital organ in detoxification and glucose homeosta-
sis, is highly susceptible to HgCl, toxicity. In this study,
HgCl, exposure resulted in marked hepatic glycogen
depletion and nuclear damage, evidenced by reduced
PAS and Feulgen staining. These findings align with
the established role in inducing oxidative stress, alter-
ing glycogen metabolism, and promoting DNA strand
breaks.>? Under normal physiology, the liver stores gly-
cogen postprandially and mobilizes it during fasting via
glycogenesis and glycogenolysis.””*® Mercury disrupts
this balance by inhibiting key enzymes such as glycogen
synthase, glucose-6-phosphatase, and phosphoenolpy-
ruvate carboxykinase (PEPCK), leading to hypoglyce-
mia and energy deficits.?*° Cytologically, this manifests
as reduced PAS positive hepatocytes and cytoarchitec-
tural disarray. This finding aligns with a study of Mo-
hamed et al.*! who observed weakened PAS reactions in
rats treated with HgCl,, confirming the toxic impact of
mercury on liver glycogen stores. In particular, the ad-
ministration of the EESBL ethanol extract at 400 and

600 mg/kg preserved glycogen stores, restored PAS re-
activity, and maintained hepatocyte structure, compa-
rable to silymarin treatment. This cytoprotective effect
is likely due to the antioxidative and enzyme-stabilizing
properties of EESBL.
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Fig. 4. Percentage area of Feulgen stained by nuclear DNA
of adult Wistar rats exposed to HgCl, toxicity. Every line
shows the meanzSEM the bars with superscript (a) are
noticeably distinct from [; the groups with alphabet (a) are
substantially different from IV, however, the bars with By
one-way ANOVA and the Tukey test at p<0.05, superscripts
(B) are substantially distinct from Il

Similarly, mercury-induced genotoxicity, marked
by chromatin condensation, pyknotic nuclei, nucle-
ar fragmentation, and nucleolar disruption, was im-
proved in EESBL-treated groups, which showed
improved Feulgen staining and fewer nuclear abnor-
malities. Mercury chloride-induced oxidative stress
is known to trigger DNA fragmentation and suppress
DNA repair pathways,* including base and nucleotide
excision repair.**** Beyond direct DNA damage, mer-
cury chloride impairs the cellular capacity for DNA
repair.** Its exposure has been shown to downregu-
late the expression of critical repair base excision en-
zymes are among the DNA healing enzymes, and also
nucleotide excision repair pathways.*>*® The observed
nuclear restoration suggests EESBL mitigates genom-
ic instability and promotes hepatocellular regenera-
tion in a dose-dependent manner comparable to the
Silymarin-treated group. By eliminating free radicals,
chelating mercury ions, and boosting antioxidant en-
zymes, phytochemicals in EESBL, especially flavo-
noids, may prevent mercury toxicity and maintain
nuclear integrity and the breakdown of glycogen.

This research shows, for the first time, the histo-
chemical evidence of S. biafrae’s cytoprotective, hepato-
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protective, and genoprotective effects in HgCl,-induced
toxicity, reinforcing its therapeutic potential beyond tra-
ditional antioxidant models.

Conclusion

Histochemical analyzes using PAS and Feulgen staining,
in this study, have provided compelling evidence of the
metabolic and nuclear disturbances caused by mercury
chloride in the liver. These findings highlight the poten-
tial effect of the ethanol extract of S. biafrae leaves on
stabilizing hepatic metabolic and nuclear architecture,
reinforcing its relevance in mitigating mercury chlo-
ride-induced disruptions in liver structure and func-
tion.

Further studies should investigate the molecular
pathways through which EESBL exerts its effect, partic-
ularly its influence on Nrf2/ARE signaling, mitochon-
drial biogenesis, apoptosis regulation (eg, Bcl-2, Bax,
Caspase-3), and DNA repair gene expression, to elu-
cidate its mechanisms at transcriptional and proteom-
ic levels.

Acknowledgements

The authors thank Mr. M.S. Ige of Obafemi Awolowo
University, Department of Anatomy and Cell Biology,
for his technical help in preparing the histochemical
slides.

Declarations

Funding

No particular grant from governmental, private, or char-
ity funding organizations was obtained for this study.

Author contributions

Conceptualization, A.O.I. and D.O.A.; Methodology,
A.OI and D.O.A; Software, A.O.L; Validation, D.O.A.;
Investigation, A.O.L; Writing — Original Draft Prepa-
ration, A.O.I; Writing — Review & Editing, A.O.I. and
D.O.A; Visualization, D.O.A.; Supervision, D.O.A.

Conflicts of interest
No competing goals are disclosed by the writers.

Data availability
The appropriate author can provide the datasets creat-
ed and examined for this study upon adequate request.

Ethics approval

The Health Research and Ethics Committee of the In-
stitute of Public Health at Obafemi Awolowo University
in Ile-Ife granted ethical approval (IPH/OAU/12/2543).
The National Institutes of Health’s Guide for the Care
and Use of Laboratory Animals was followed in provid-
ing rats with proper care.

References

1. Agency for Toxic Substances and Diseases Registry
(ATSDR). Toxicological Profile for Mercury. Atlanta, GA:
U.S. Department of Health and Human Services; 2022.
https://www.atsdr.cdc.gov/toxprofiles/tp46.pdf.

2. Ruggieri F, Majorani C, Domanico F, Alimonti A. Mercu-
ry in children: current state on exposure through human
biomonitoring studies. Int J Environ Res Public Health.
2017;14(5):519. doi:10.3390/ijerph14050519

3. Clarkson TW, Magos L. The toxicology of mercury and
its chemical compounds. Crit Rev Toxicol. 2006;36(8):609-
662. doi:10.1080/10408440600845619

4. Balali-Mood M, Naseri K, Tahergorabi Z, Khazdair MR,
Sadeghi M. Toxic mechanisms of five heavy metals: mer-
cury, lead, chromium, cadmium, and arsenic. Front Phar-
macol. 2021;12:643972. doi: 10.3389/fphar.2021.643972

5. Crespo-Lépez ME, Macédo GL, Pereira SI, et al. Mer-
cury and human genotoxicity: critical considerations
and possible molecular mechanisms. Pharmacol Res.
2009;60(4):212-220. doi:10.1016/j.phrs.2009.02.011

6. Magbool E Bahadar H, Hassani S, et al. Biochemical evi-
dence on the potential role of methyl mercury in hepatic
glucose metabolism through inflammatory signaling and
free radical pathways. J Cell Biochem. 2019;120(9):16195-
16205. doi:10.1002/jcb.28899

7. Liu X, Wang H, Liang X, Roberts MS. Hepatic metabo-
lism in liver health and disease. In: Liver Pathophysiology.
Academic Press; 2017:391-400. doi:10.1016/B978-0-12-
804274-8.00030-8

8. Kanungo S, Wells K, Tribett T, EI-Gharbawy A. Glycogen
metabolism and glycogen storage disorders. Ann Transl
Med. 2018;6(24):474. d0i:10.21037/atm.2018.10.59

9. Adeva-Andany MM, Gonzélez-Lucan M, Donapetry-Gar-
cia C, Ferndndez-Ferndndez C, Ameneiros-Rodriguez E.
Glycogen metabolism in humans. BBA Clin. 2016;5:85-
100. doi:10.1016/j.bbacli.2016.02.001

10. Schulze R], Schott MB, Casey CA, Tuma PL, McNiven
MA. The cell biology of the hepatocyte: a membrane
trafficking machine. J Cell Biol. 2019;218(7):2096-2112.
d0i:10.1083/jcb.201903090

11. Obun FE, Aliu TB, Popoola DA, Raji RO. Toxicological
implications and therapeutic approaches in heavy metal
exposure: focus on lead and mercury. AROC Nat Prod Res.
2025;5:1-10. doi:10.53858/arocnpr05010110

12. Kasmi S, Bkhairia I, Harrabi B, et al. Modulatory effects of
quercetin on liver histopathological, biochemical, hemato-
logical, oxidative stress, and DNA alterations in rats expo-
sed to graded doses of SCORE 250. Toxicol Mech Methods.
2018;28(1):12-22. doi:10.1080/15376516.2017.1351507

13. Basu N, Goodrich JM, Head J. Ecotoxicology of mer-
cury in fish and wildlife: recent advances. Ecotoxicol.
2016;25(5): 1093-1100. doi:10.1038/jes.2015.52

14. Tezzoni JC. Diagnostic histochemistry in hepatic patholo-
gy. Semin Diagn Pathol. 2018;35(6):381-389. doi:10.1016/j.
hpr.2022.300651



Histochemical evaluation of ethanol extracts of Senecio biafrae leaves in mercury chloride-induced hepatic injury in adult male Wistar rats

111

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Kilic KD, Gokhan A, Sozmen EY, Uysal A. Liver histology
and biochemistry of exposed newborn and infant rats with
experimental aflatoxicosis. Pakistan Veterinary Journal.
2022;42(4). doi:10.29261/pakvetj/2022.066

Saad B, Zaid H, Shanak S, et al. Introduction to medicinal
plant safety and efficacy. In: Anti-Diabetes and Anti-Obe-
sity Medicinal Plants and Phytochemicals: Safety, Efficacy,
and Action Mechanisms. 2017:21-55. doi:10.1007/978-3-
319-54102-0

Balkrishna A, Sharma N, Srivastava D, et al. Exploring
the safety, efficacy, and bioactivity of herbal medicines:
bridging traditional wisdom and modern science in heal-
thcare. Future Integr Med. 2024;3(1):35-49. doi:10.14218/
FIM.2023.00086

Michael OA, Banji OM, Olufunso AB, et al. Determina-
tion of nutrients, antinutrients, and antioxidants concen-
trations in some edible forest vegetables in Ondo and Oyo
State, South Western Nigeria. Niger ] Nutr Sci. 2023;44(2).
doi:10.36349/easjnfs.2024.v06i06.005

Borokini FB, Olaleye MT, Lajide L. Nutritional and che-
mical compositions of two underutilized vegetables in
Nigeria. Bangladesh ] Sci Ind Res. 2017;52(3):201-208.
doi:10.3329/bjsir.v52i3.34156.

Ayoola GA, Johnson OO, Adeyemi DK, Lapite OM, Do-
herty CO. Antioxidant and hypoglycaemic activities of the
ethanol extract of Senecio biafrae leaves. ] Chem Soc Nige-
ria. 2017;42(2):59-62.

National Research Council (NRC), Institute of Laborato-
ry Animal Research (ILAR). Guide for the Care and Use
of Laboratory Animals. 8th ed. Washington, DC: National
Academy Press; 2011:246. doi:10.1007/978-981-16-0987-9
Matsubara T, Touchi A, Masuda Y, Takeuchi Y. Carbon
tetrachloride-induced hepatotoxicity in rats: evidence for
different susceptibilities of rat liver lobes. Jpn ] Pharmacol.
1983;33(2):435-445. doi:10.3390/toxics11070625

Bancroft JD, Gamble M. Theory and Practice of Histological
Techniques. Elsevier Health Sciences; 2008.

Kilcoyne M, Gerlach JQ, Farrell MP, Bhavanandan VP,
Joshi L. Periodic acid-Schiff’s reagent assay for carbo-
hydrates in a microtiter plate format. Anal Biochem.
2011;416(1):18-26. doi:10.1016/j.ab.2011.05.006

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Mello MLS, de Campos Vidal B. The Feulgen reaction:
a brief review and new perspectives. Acta Histochem.
2017;119(6):603-609. doi:10.1016/j.acthis.2017.07.002
Amber WS, Musa SA, Sambo SJ, Agbon AN. Nephropro-
tective effect of Citrus sinensis L. on mercury-exposed
Wistar rats. Ann Trop Pathol. 2020;11(2):157-165.

Qaid MM, Abdelrahman MM. Role of insulin and other
related hormones in energy metabolism: a review. Cogent
Food Agric. 2016;2(1):1267691. doi:10.1080/23311932.201
6.1267691

Lema-Pérez L. Main organs involved in glucose. In: Sugar
Intake: Risks and Benefits and the Global Diabetes Epide-
mic. 2021:121.

Mandl J. Glycogen-endoplasmic reticulum connection
in the liver. Int ] Mol Sci. 2023;24(2):1074. do0i:10.3390/
ijms24021074

Hantzidiamantis PJ, Awosika AO, Lappin SL. Physiology,
glucose. In: StatPearls Publishing; 2024.

Mohamed MEB, El-Meligy M, Bushra RR, Mohamed
EK. Effect of mercuric chloride exposure during pre-
gnancy and lactation on the postnatal development of
the liver in the albino rat. Egypt | Anat. 2019;42(1):10-27.
doi:10.21608/ejana.2019.251310

Lindstrom MS, Bartek J, Maya-Mendoza A. p53 at the
crossroad of DNA replication and ribosome biogenesis
stress pathways. Cell Death Differ. 2022;29(5):972-982.
doi:10.1038/s41418-022-00999-w

Cannan WJ, Pederson DS. Mechanisms and consequences
of double-strand DNA break formation in chromatin. J
Cell Physiol. 2016;231(1):3-14. doi:10.1002/jcp.25048
Caldecott KW. Causes and consequences of DNA single-
-strand breaks. Trends Biochem Sci. 2024;49(1):68-78. do-
1:10.1016/j.tibs.2023.11.001

Singh P, Mitra P, Goyal T. Evaluation of DNA damage and
expressions of DNA repair gene in occupationally lead-
-exposed workers (Jodhpur, India). Biol Trace Elem Res.
2021;199:1707-1714. doi:10.1007/s12011-020-02298-2
Hemmaphan S, Bordeerat NK. Genotoxic effects of lead
and their impact on the expression of DNA repair ge-
nes. Int J Environ Res Public Health. 2022;19(7):4307.
doi:10.3390/ijerph19074307



	_Hlk179687364
	_Hlk179690850
	OLE_LINK1

