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Several epidemiological studies have reported that the consumption and usage of plant food with
bioactive content is associated with reduced incidence of pathologies. This study investigated the
protective role of the aqueous leaf extract of Solanum macrocarpon against hemolytic anemia and
liver toxicity caused by Phenylhydrazine in rats. The study was comprised of five groups (six
albino rats each). Group 1 was normal control orally given normal saline once daily. Group Il was
an anemic group while Group Il was orally given a daily dose of 300mg/kg Solanum
macrocarpon aqueous leaf extract for 14 days. Group IV was induced with anemia and thereafter
orally treated with 300mg/kg Solanum macrocarpon aqueous leaf extract for 14 days while Group
V was induced with anemia and thereafter treated with 100mg/kg Ascorbic acid orally once daily
for 14 days. Group I, 1V, and V were intraperitoneally once daily induced hemolytic anemia with
50mg/kg Phenylhydrazine for three days consecutively. All rats were sacrificed on day 15. The
observed significant reduction (p<0.05) in red blood cell (RBC), hemoglobin (Hb), packed cell
volume (PCV), and Platelet count following Phenylhydrazine-induced anemia were attenuated
after Solanum macrocarpon administration. Phenylhydrazine-induced anemia also increased
significantly (p<0.05) aspartate transaminase (AST), alanine transaminase (ALT), alkaline
phosphatase (ALP), lactate dehydrogenase (LDH), malondialdehyde (MDA), nitric oxide (NO)
content with a concomitant decrease in catalase (CAT), superoxide dismutase (SOD), reduced
glutathione (GSH), glutathione peroxidase (GPx), all mitigated and reversed toward normalcy by
Solanum macrocarpon leaf and Ascorbic acid corroborated by hepatic histopathological analysis.
Thus, Solanum macrocarpon comparing favorably with ascorbic acid administration attenuated
Phenylhydrazine-induced hemolytic anemia, toxicity, oxidative stress, and inflammation via
mechanisms that involved its antioxidant and anti-inflammatory properties.
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Introduction

The believed mechanism of Phenylhydrazine-induced hemolytic
anemia involves enhanced oxidative damage and oxidative stress in the

According to the World Health Organization (WHO), a high
population of the world (one-fourth) suffers from anemia and almost
half of these sufferers occur in preschool-age children.! Red blood cells
(RBCs) with decreased oxygen-carrying capacity in anemic sufferers
clinically show weakness, blackouts, lightheadedness, lethargy, breathe
shortness, dizziness, etc.? Hemolytic anemia is a normocytic anemia
subtype, with low hemoglobin (Hb) level as a result of too much or
premature RBC destruction.? One probable cause of diseases is
exposure to environmental chemicals including Phenylhydrazine.
Phenylhydrazine causes hemolytic anemia in research animals via
RBCs cytoskeleton destruction.
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membrane of RBC attributed to (i) membrane lipids peroxidation, (ii)
generation of superoxide anion radical production, (iii) glutathione
depletion due to hydrogen peroxide increased level in RBC (iv) other
free radicals production including aryl and phenyl radicals.®*
Phenylhydrazine-induced hemolytic anemia mechanism of action also
includes RBCs membrane rupture as a result of membrane proteins
binding with phenylhydrazine.® Hemoglobin degradation resulting from
conversion of oxyhemoglobin to methemoglobin by direct oxidation is
also caused by phenylhydrazine.® Plants with medicinal benefits are of
great importance to healthy living. Several plants continue to be
examined against a wide variety of disorders. Epidemiological studies
have established that vegetable and fruit consumption protect the body
from oxidative stress and attack by scavenging free radicals. Natural
antioxidants from plants including fruits and vegetables protect the
body against oxidative stress thereby associated with disease prevention
that has links to reactive oxygen species (ROS).® Solanum
macrocarpon, a member of the family called Solanaceae popularly
called garden egg is commonly served and eaten during ceremonies. It
can be served together with kola or as a replacement for kola. It is also
very useful in several delicacy preparations such as stew and salad. The
leaves are always alternate, although sometimes opposite. The flowers
of Solanum macrocarpon are star-shaped corollas showcasing five
petals usually returned. Reports have it that Solanum macrocarpon leaf
in Sierra Leone is used for throat treatment while the Kenyans use it for
stomach problems’; In Nigeria, young fruits and leaves of Solanum
macrocarpon serve as a vegetable while the fruits serve as laxatives and
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are used in heart problems treatment; the flowers and fruits play roles
in teeth cleansing following chewing.” Several parts of Solanum
macrocarpon including the fruit and leaf have been used for the
management of constipation, and ulcers, tooth ache just as the leaf
serves as a remedy for snake bites.? Diseases and infections of the skin
as well as sores have also been managed using Solanum macrocarpon
when applied to the infected areas.® It is also been reported that ailments
such as asthma, catarrh, rheumatism, pains in joints, gastro-esophageal
reflux disease as well as weight reduction have been well managed and
treated using Solanum macrocarpon.’® Phytochemical screenings of
Solanum macrocarpon leaves detected saponins, flavonoids, alkaloids,
terpenes, glycosides, and steroids as well as minerals with health
benefits including calcium, magnesium, potassium, sodium, iron, and
zinc . In vitro free radical scavenging studies revealed higher
antioxidant potency at higher concentrations, thus giving Solanum
macrocarpon leaf free radical quenching potentials at higher
concentrations.** This study is aimed at demonstrating the ameliorative
potentials of Solanum macrocarpon leaf on Phenylhydrazine-induced
hemolytic disorder, toxicity, and oxidative stress in albino rats.

Materials and Methods

Chemicals

Phenylhydrazine was sourced from Sigma Aldrich while diagnostic kits
for biochemical measurements were purchased. All other chemicals and
reagents were of analytical grade.

Collection, Identification, and Extraction of Solanum macrocarpon
leaves.

Fresh leaves of Solanum macrocarpon were collected in December
2024 in a garden in Sapele Road, Benin City and authenticated by a
taxonomist in the Department of Plant Biology and Biotechnology, Edo
State University lyamho, Nigeria. After being thoroughly washed,
leaves were air-dried at room temperature (24 °C) and crushed into fine
powder. To prepare the aqueous extract, 1 kg of the powdered leaf was
soaked in double distilled water (5000 ml) and placed for 48 hours at
room temperature. Thereafter, filtration was carried out first through a
Whatman filter paper No. 42 (125 mm) and subsequently cotton wool.
The concentration of the filtrate was done using a rotary evaporator set
at 40 °C to one-tenth its volume and thereafter freeze-dried. An aliquot
portion of the freeze-dried extract was weighed, dissolved in normal
saline, and used for experiments.

Ethics Approval

The Edo State University lyamho Institutional-Based Research (IBR)
Grant committee gave approval and funding to this study. The
guidelines for ethical conduct in the care and use of nonhuman animals
in research as stipulated by the American Psychological Association
(APA) were strictly adhered to.

Animals

Adult male Wistar albino rats (180-200 g) were purchased at
Department of Zoology animal house, Ambrose Alli University,
Ekpoma, Nigeria and kept in cages at the Animal house of Edo State
University lyamho maintained at room temperature (22+2 °C) with
12hour on/off light. The rats had access to rat feed pellets and water.
They were acclimatized to laboratory conditions for five days before
been divided into five groups.

Induction of Hemolytic Anemia and Experimental Design

Before the commencement of Solanum macrocarpon aqueous leaf
extract treatment, the hemolytic disorder was intraperitoneally induced
with 50mg/kg Phenylhydrazine daily for three consecutive days as
previously described.!?*® Rats with a packed cell volume (PCV) and
hemoglobin (Hb) less than 35 % and 10 g/dL respectively were deemed
anemic and included in this study. The five groups of the study are as
follows: Group | (control): normal control (without treatment) was
orally given daily saline once. Group Il: anemic control
(intraperitoneally administered 50mg/kg Phenylhydrazine once daily
for three consecutive days only) and thereafter received normal saline
orally throughout the study. Group IlI: non-anemic rats orally, once
daily administered 300mg/kg Solanum macrocarpon leaf extract for 14
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days consecutively. Group IV: anemic rats orally, once daily
administered 300mg/kg Solanum macrocarpon leaf extract for 14 days
consecutively. Group V: anemic rats orally, once daily administered
100mg/kg Ascorbic acid for 14 days consecutively.

The chosen 300mg/kg extract dosage followed an LD50 study of
Solanum macrocarpon aqueous leaf extract which showed safety up to
5000 mg/kg. All administration was done between 9:00-10:00 am each
day. All rats were sacrificed 24 hr. after the last extract treatment (day
15) via cardiac puncture/ocular vein and blood was collected in EDTA
bottles (hematology) and plain tubes (serum) without the use of
anticoagulant. The collected blood in plain tubes was centrifuged at
5000rpm after being allowed to stand for lhr to obtain serum for
biochemical analysis.

Tissue collection and preparation of homogenates

Immediately after the sacrifice, the liver was removed, rinsed with
normal saline, and weighed. A portion of the collected liver tissues was
fixed in 10% formalin (4% formaldehyde) for pathological assessment,
while the remaining liver tissue was kept at —20°C for further analysis.
A 10% liver homogenate was prepared using physiological saline, and
the obtained supernatant was used for endogenous antioxidant and
oxidative stress markers determination.

Biochemical Parameters

Assessment of liver function enzymes

Alanine Transaminase (ALT), Alkaline Phosphatase (ALP), Aspartate
Transaminase (AST), and Lactate Dehydrogenase (LDH) were carried
out in blood with Randox commercially available kits according to
manufacturer’s instructions (Randox®, Randox labs, UK).

Hematological parameters

Hematological analyses such as Packed Cell Volume (PCV), Red Blood
Cells (RBCs), White Blood Cells (WBCs), hemoglobin (Hb), and
Platelets count were determined using a fully automated blood analyzer.

Assessment of lipid peroxidation and antioxidant activities in liver
homogenates

Malondialdehyde (MDA) concentration, a lipid peroxidation product
was quantified as stipulated by the method of * while endogenous
antioxidants such as catalase (CAT) and Superoxide dismutase (SOD)
assay were determined according to methods of ** and ® respectively.
Reduced Glutathione (GSH) level was assessed using the method of 7
while Glutathione peroxidase (GPx) was carried out using the method
of 18 Nitric oxide (NO) was determined using the method of °.

Histopathological analysis

Immediately after sacrifice, the liver of both the test and control rats
were excised, and dried with blotting paper and a portion was instantly
inserted in 10% phosphate-buffered formalin. Fixed tissue samples
were placed in paraffin blocks and 5mm sections were prepared.
Sections were hematoxylin and eosin (H&E) stained and examined
using a light microscope. There was capturing of liver
Photomicrographs.

Statistical analysis

Obtained data are expressed as mean + standard deviation. Differences
between the groups were determined using ANOVA and Turkeys’ post
hoc test using Graph Pad Prism software. Values are regarded as
significantly different at P < 0.05.

Results and Discussion

The results of the hematological assessment (Table 1) revealed that rats
given phenylhydrazine for three consecutive days at a daily dose of
50mg/kg experienced hemolytic anemia shown by a massive decline (p
< 0.05) in the concentration of Hb, RBC, PCV, and platelets count in
comparison with the normal and extract controls which were however
significantly increased (p < 0.05) and attenuated towards normalcy
following administration of Solanum macrocarpon aqueous leaf extract
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Table 1: Effects of Solanum macrocarpon aqueous leaf extract on Hematological parameters in Phenylhydrazine-induced anemic wistar

rats

Treatment groups Hb WBC(x 10%L) PCV RBC (x 10%%/L) PLTS
(g/dl) (%) (x109/L)

Control 15.30%+2.01 9.80°+1.98 45.70°+3.02 9.30°+1.04 739.35+15.10
PHZ (anemic control) 6.30°+1.32 14.90°+1.99 19.10°+2.13 2.40°+0.45 532.20°+10.50
S. macrocarpon (300 mg/kg) 20.302+2.54 15.20°+1.67 57.50°+5.05 14.30°¢£1.74 634.50°+12.70
alone
PHZ + S. macrocarpon (300 10.45°+1.04 10.10%1.21 35.90%+2.01 5.50%+0.67 625.10%+15.60
mg/kg)
PHZ + Ascorbic Acid 10.30°+1.05 11.30%1.42 34.75%42.31 5.05%+0.65 648.75%17.40
(100mg/kg)

Values are expressed as Mean + Standard Deviation. Values with different super scripts down the column differ significantly (p<0.05). PHZ:
Phenylhydrazine, Hb: Hemoglobin, WBC: White Blood Cell; PCV: Packed Cell Volume; RBC: Red Blood Cell; PLTS: Platelets count

for fourteen days at a daily dose of 300mg/kg. The evaluation of
hematological parameters such as the amount and form of RBCs,
WBCs, PCV, Platelets and Hb levels is very important in toxicology
and monitoring science as hematological indices reflect the majority of
elements that influence the body's physiology, and variation from the
global normal hematological ranges in animals indicates a specific
physiological abnormality or a risk to physiological health.?® In the
present study as shown in Table 1, diagnostic of hemolytic anemia,
Phenylhydrazine administration for three consecutive days at a dose of
50mg/kg caused a significant reduction (p<0.05) in the concentration of
Hb, RBC, PCV, and platelet count and a significant increase (p< 0.05)
in WBCs in line with previous findings.?%2223242 possible factors
germane to the induction of anemia includes interference of
phenylhydrazine with the synthesis of erythropoietin and accelerated
erythrocyte destruction due to altered membrane permeability,
increased mechanical fragility and/or malfunction in the metabolism of
iron. The observed decline in PCV, Hb, RBC and platelets counts due
to Phenylhydrazine-induced anemia can also be ascribed to changes in
the lipid composition of RBC membranes, which cause
morphologically abnormal erythrocytes with decreased life span.?” Our
observed increase in WBCs can be attributed to the stimulation of the
immune defense system” as literature has shown that an increased
concentration of antigens in the body results in high values of WBC.%
A crucial hormone called erythropoietin is produced by the kidneys and
production of RBCs is regulated by erythropoietin. In renal disease, the
kidneys are unable to produce enough erythropoietin, leading to a drop
in the total blood cell count and subsequent anemia.?® From this study,
phenylhydrazine administration led to a significant decrease in the
RBCs compared to the control and extract treated rats (p < 0.05),
indicating that the kidneys cannot make enough erythropoietin to
produce sufficient blood cells. Platelets are components of the blood
with crucial role in blood clotting®® and the reduction in platelet level in
the Phenylhydrazine-induced anemic group in this study is an indication
that that blood clotting time may be extended, which can lead to
increased blood loss in injury cases.

Interestingly, following 14 days administration of aqueous leaf extract
of Solanum macrocarpon or ascorbic acid to phenylhydrazine-induced
anemic rats, Hb, RBC, PCV, platelet counts and WBCs were
significantly improved towards normalcy similar to previous works
0f21:24253182 - an jndication that Solanum macrocarpon contains
bioactive compounds that enhance erythropoiesis, protects against
phenylhydrazine-induced anemia, thus demonstrating anti-anemic
effect of Solanum macrocarpon leaf. Happily, 14 days of Solanum
macrocarpon treatment led to a significant increase (p < 0.05) in the
RBCs showing its ability to significantly increase blood cell production.
It is also possible that the 14 days administration of Solanum
macrocarpon to Phenylhydrazine-induced anemic rats may have
boosted hematopoiesis as Solanum macrocarpon leaf is known to
contain several bioactive agents such as flavonoids, alkaloids, saponins

as well as mineral nutrients including calcium, potassium, sodium, zinc
and magnesium etc.® The presence of iron in the leaves of Solanum
macrocarpon has also earlier been reported® and Iron is vital for the
synthesis of red blood cells essential for formation of hemoglobin, the
oxygen carrying pigment in red blood cells. Thus, iron availability in
Solanum macrocarpon leaves may have modulated the regenerative
response, anti-anemic property and replenish blood in the
phenylhydrazine-induced anemic rats. Phytochemicals such as
flavonoids are well known hemopoietic factors that have direct
influence on the production of blood in the bone marrow. Flavonoids
have been reported to exert a positive influence on haematopoiesis.*
Saponins are known to improve hematopoiesis by promoting survival
through focal adhesion kinase and extracellular signal-regulated kinase
activation and modulating cytokine production in the bone marrow.%
The presence of saponin in the aqueous leaf extract of Solanum
macrocarpon could thus play the same role in improving hematopoiesis
and promoting the survival of blood cell lines. The observed significant
increase (p< 0.05) in platelet count in Solanum macrocarpon extract
treated group when compared to the anemic group indicate that the
extract has a stimulating effect on platelet production. Platelets are
responsive cells essential for the maintenance of vascular integrity and
participate in homeostasis, thrombosis, and host immune responses. It
was also observed that there was no significant difference between anti-
anemic benefit of the plant extract and ascorbic acid.

Liver function assessment in the experimental animals investigated is
presented in Table 2. The activities of liver function enzymes such as
alanine aminotransferases (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP) and Lactate Dehydrogenase (LDH) were
found to be significantly increased (p < 0.05) following
Phenylhydrazine administration when compared with the control and
Solanum macrocarpon extract animals. However, treatment of
Phenylhydrazine-induced hemolytic anemic rats with Solanum
macrocarpon extract at a daily dose of 300mg/kg or 100mg/kg Ascorbic
acid for fourteen days significantly attenuated ALT, AST, ALP and
LDH levels towards normalcy when compared with the
Phenylhydrazine-induced hemolytic anemia administered rats. It was
also observed that there was no significant difference between anti-
anemic benefit of the plant extract and ascorbic acid. Among the various
organs, the liver remains a primary site for metabolism of various
chemicals and drugs. Liver function enzymes are commonly employed
to identify inflammation and oxidative stress in liver health, as their
levels are known to be caused by hepatocellular injury and/or impaired
liver function. An increase in ALP levels in serum suggests damage or
stress to the liver cell membrane. ALP is an enzyme associated with bile
ducts and can rise when there's obstruction or damage to these ducts.
Our observed significantly higher (p < 0.05) activities of ALT, AST and
ALP seen in the serum of phenylhydrazine-induced anemic rats could
be attributed to phenylhydrazine induced membrane damage resulting
in the flow and leakage of these liver function enzymes into extra
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Table 2: Effects of Solanum macrocarpon aqueous leaf extract on liver function biomarkers in Phenylhydrazine-induced anemic wistar

rats
Treatment groups AST(U/L) ALT(U/L) ALP (U/L) LDH (U/L)
Control 11.23%+3.05 14.76°+3.88 17.96°+2.21 128.78%+8.65
PHZ (anemic control) 48.31°+3.01 49.34°+2.23 52.64°+3.87 606.24°+15.52
S. macrocarpon (300 mg/kg) alone 13.24%+2.06 13.28%+2.90 19.43%+2.76 120.072+10.54
PHZ + S. macrocarpon (300 mg/kg) 27.32°42.91 29.00°+3.06 30.81°+3.03 308.75¢49.65
PHZ + Ascorbic Acid (100 mg/kg)

23.26°+2.42 25.04°+2.74 29.65°+2.71 315.45°+10.10

Values are expressed as Mean * Standard Deviation. Values with different super scripts down the column differ significantly (p<0.05). PHZ:
Phenylhydrazine; AST: Aspartate Aminotransferase; ALT: Alanine Aminotransferase; ALP: Alkaline Phosphatase; LDH: Lactate Dehydrogenase

hepatic circulation. With the pivotal functions of liver in maintenance,
performance, regulating homeostasis of the body, xenobiotic
metabolism, and detoxification and because the liver is the first site of
contact for different types of therapeutic drugs, xenobiotics, chemicals,
and toxins, this organ is vulnerable to chemical-induced injuries. Thus
our observed elevated serum liver function enzyme levels shows
hepatocellular damage and disruption of membrane integrity of the liver
similar to previous studies.**3"® However, the reversal towards
normalcy of the activities of liver function enzymes by aqueous leaf
extract of Solanum macrocarpon imply that the leaf extract has
protective activity against phenylhydrazine induced hepatotoxicity by
conferring stability on cell membranes thereby preventing leakage of
the marker enzymes into blood circulation from the liver similar to
previous protective studies.®63738

Also in this study as shown in Table 2, Phenylhydrazine caused
significant increase (p < 0.05) in serum LDH activity similar to
previous study®® and this may be ascribed to hepatocellular necrosis as
a result of the leakage of LDH into the blood stream.*® However, the
treatment of Phenylhydrazine-exposed hemolytic anemic rats with
Solanum macrocarpon leaf extract at the dose of 300mg/kg
significantly reduced (p < 0.05) the observed increase in serum LDH
activity, an indication of the protective effect of Solanum macrocarpon
which has been reported to be endowed with bioactive agents including
flavonoids, saponins and alkaloids.*

The effect of Phenylhydrazine-induced anemia on liver antioxidant
systems and MDA as well as NO formation in organs is illustrated In
Table 3 and 4. Phenylhydrazine administration caused a significant
increase (p < 0.05) in malondialdehyde (MDA) concentration while
activities of endogenous antioxidants such as superoxide dismutase
(SOD), catalase (CAT), reduced Glutathione (GSH) and Glutathione
peroxidase (GPx) decreased significantly (p < 0.05) when compared
with the normal control and Solanum macrocarpon extract treated
animals .However, Solanum macrocarpon leaf extract was found to
ameliorate the changes induced by phenylhydrazine on the biomarkers
of lipid peroxidation and oxidative stress. The effect of Solanum
macrocarpon extract on levels of Nitric Oxide (NO) in liver of
Phenylhydrazine exposed rats is shown in Table 4. Phenylhydrazine
elicited a significant increase (p < 0.05) in liver NO levels when
compared with control and extract administered rats, and this increase
was mitigated upon administration of 300mg/kg Solanum macrocarpon
which restored the Phenylhydrazine-induced elevation of NO to near
normal levels.

Hepatocytes are protected from free radicals and reactants by both
enzymatic and non-enzymatic defense mechanisms including catalase
(CAT), superoxide dismutase (SOD), Glutathione peroxidase (GPx)
and reduced Glutathione (GSH), which react with and remove free
radicals and ROS such as superoxide anion, hydrogen peroxide (H202),
and hydroxyl radicals. “'SOD catalyzes the dismutation of highly
reactive superoxide anion which converts into O2 and H20.. CAT
scavenges H20: and catalyzes its decomposition into H20 and O2.%
GPx helps in reducing H20. and lipid peroxide levels, working
alongside CAT to mitigate the harmful effects of hydroxyl radicals by
limiting free radical production.** GSH donates electrons in these
reactions, playing the role of a donor. In this study, Phenylhydrazine-

induced anemic rats showed significant decreases (p < 0.05) in CAT,
GSH, GPx, and SOD activities with a significant increase (p < 0.05) in
MDA and NO contents compared to the Solanum macrocarpon extracts
and control rats’ groups similar to previous studies.?>%637:3844
Endogenous antioxidants such as Glutathione system, CAT and SOD
present in RBCs contribute heavily to blood antioxidant capacity.*®
However, these antioxidant capacities get compromised and altered,
when there is anemia leading to attack and damage, oxidative stress and
later acute hemolytic disorder. Our observed reduced level of SOD
following phenylhydrazine administration reflects oxidative stress by
eliciting production of free radicals and ROS thus leading to damage
and toxicity. Also our observed decreased level of CAT, GPx and GSH
following Phenylhydrazine administration led to free radicals and other
ROS accumulation leading to oxidative stress and oxidative damage in
Phenylhydrazine anemic rats. ROS and free radicals reacts with
biological substrates which then leads to lipid peroxidation and
subsequent impairment of functions of cell membrane as there will be
decrease in fluidity of membrane as well as in activity change of
enzymes and receptor that are membrane-bound.® MDA, a lipid
peroxidation marker, associates with several negative effects such as
increased membrane stiffness, osmotic fragility, and reduced
mitochondrial ~ longevity.#”  Consistent ~with our  findings,
Phenylhydrazine-induced anemia produced a significant rise (p < 0.05)
in hepatic MDA level, an indicator of Phenylhydrazine-induced lipid
peroxidation leading to tissue injury in the Phenylhydrazine anemic
rats. The hepatic MDA rise shows failure of antioxidant defense system.
It can be deduced that Phenylhydrazine-induced hemolytic anemia is
attributable to free radicals and ROS production caused by
Phenylhydrazine as revealed by high hepatic MDA and NO levels. It is
known that produced free radicals enter circulation causing lipid
peroxidation and then causing damage to skeleton of RBCs membrane,
leading to oxidative damage, oxidative stress, hemolysis and anemia.
However administration of Solanum macrocarpon leaf extracts to
Phenylhydrazine induced hemolytic anemic rats enhanced antioxidant
status towards normalcy similar to previous works??36:373844 gnd
attributable to ability of bioactive compounds in Solanum macrocarpon
including flavonoids, saponins and alkaloids previously reported: to
scavenge free radicals as well as by the extract ability to disable chain
reactions and reduce damage.*® The significant drop (p < 0.05) in SOD,
CAT, GPx and GSH in phenylhydrazine anemic animals could be
attributable to their increased usage. Their hepatic content was however
recovered towards normalcy after 14 days of Solanum macrocarpon
aqueous leaf extract administration, an action attributable to a decrease
in hepatic peroxidative activity, which leads to a restoration of
antioxidants levels. The administration of Solanum macrocarpon leaf
extract led to significant reduction (p<0.05) in MDA compared to
anemic control and thus, the modulation of lipid peroxidation, a good
indication of the protective potential of Solanum macrocarpon leaf. The
mechanism of this Solanum macrocarpon protection could also be the
inhibition and scavenging of free radicals and ROS by suppressing
cytochrome P450 bioactivation of phenylhydrazine to reactive
metabolites. There was also no observed significance difference
between anti-anemic and antioxidant benefit of the plant extract and
ascorbic acid.
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Table 3: Effects of Solanum macrocarpon aqueous leaf extract on endogenous antioxidants in Phenylhydrazine (PHZ)-induced anemic

wistar rats

Treatment groups SOD CAT (umol/min/ml) GSH GPx

(U/mg) (1M/mg) (U/mg)
Control 51.50%+3.77 7.27°+0.45 55.75%+2.05 9.05°+0.95
PHZ (anemic control) 23.50°+2.59 0.47°+0.21 31.90°+2.00 3.54°+0.87
S. macrocarpon (300 mg/kg) alone 96.65°+6.50 7.85%+0.35 58.552+3.01 10.18%+1.01
PHZ + S. macrocarpon (300 mg/kg) 40.55%3.05 3.17°4£0.16 42.45°4+2.30 6.01°+1.01
PHZ + Ascorbic Acid (100 mg/kg)

36.50%+3.45 5.25+0.48 44.16°+2.14 5.99°+1.06

Values are expressed as Mean + Standard Deviation. Values with different super scripts down the column differ significantly (p<0.05). PHZ:
Phenylhydrazine; SOD: Superoxide dismutase; CAT: Catalase, GSH: Reduced Glutathione; GPx: Glutathione peroxidase.

Table 4: Effects of Solanum macrocarpon aqueous leaf extract on Lipid peroxidation in Phenylhydrazine-induced anemic wistar rats

Treatment groups MDA NO

(pmol/mg) (umol/g)
Control 1.15°+0.21 90.31%45.01
PHZ (anemic control) 8.10°+0.37 259.35°+10.07
S. macrocarpon (300 mg/kg) alone 1.19°+0.32 81.22%+6.32
PHZ + S. macrocarpon (300 mg/kg) 3.75°+0.53 156.73°+7.75
PHZ + Ascorbic Acid (100 mg/kg)

3.63°+0.46 162.21°+5.04

Values are expressed as Mean + Standard Deviation. Values with
Phenylhydrazine; MDA: Malondialdehyde, NO: Nitric oxide

Under normal situations, anti-inflammatory effect is produced by Nitric
oxide (NO). However, in abnormal situations, NO serve as a pro-
inflammatory mediator inducing inflammation as a result of
overproduction by inducible nitric oxide synthase (iNOS).*® Our
observed increased level of NO in phenylhydrazine-hemolytic anemic
rats can make NO react with superoxide anion forming poisonous nitrite
anion and impairing function of the liver. However, this study observed
that Solanum macrocarpon leaf extract is capable of decreasing
excessive NO generation and the action of Solanum macrocarpon leaf
extract in lowering NO was significant (p<0.05) at the explored dosage
of 300mg/kg in comparison with the anemic control.

Histopathological examination of liver tissues of rats administered
normal saline and Solanum macrocarpon leaf revealed normal rats
lobular architecture with central veins and radiating hepatic cords that
were normal (Figure 1 and 3), while three consecutive days of 50mg/kg
Phenylhydrazine administration revealed hepatocytes with disordered
arrangement, cellular swelling of hepatocytes, portal infiltrates of
inflammatory cells, vacuolar degeneration, congestion, necrosis,
Kupffer cells activation, cytoplasmic vacuolation as well as dilatation
of bile duct and fibroplasia around the bile duct (Figure 2). However
treatment of Phenylhydrazine-induced anemia and hepatotoxicity with
Solanum macrocarpon leaf extract or Ascorbic acid remarkably and
positively modulated these lesions and alterations (Figure 4 and 5).

Histopathological assessment of Phenylhydrazine-induced hemolytic
anemic rats showed that three days consecutive administration of
50mg/kg Phenylhydrazine caused pathological lesions and alterations
including necrosis in liver tissues which were however modulated and
attenuated towards reversal, wellness and restoration by 14days
administration of Solanum macrocarpon leaf extract possibly attributed
to bioactive agents including flavonoids, saponins and minerals such as
iron.

different super scripts down the column differ significantly (p<0.05). PHZ:

Figure 1: Photomicrograph of normal rat liver tissue showing
the central vein with hepatocyte plates radiating from the central
vein and separated by sinusoid

Figure 2: Photomicrograph of liver tissue of anemic rat that
administered 50 mg/kg phenylhydrazine alone showing
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hepatocytes with disordered arrangement, cellular swelling of
hepatocytes, portal infiltrates of inflammatory cells, vacuolar
degeneration, congestion, necrosis, Kupffer cells activation,
cytoplasmic vacuolation as well as dilatation of bile duct and
fibroplasia around the bile duct.

Figure 3: Photomicrograph of rat liver tissue that received only
Solanum macrocarpon showing radiating hepatocytes from
central vein separated by sinusoid.

Figure 4: Photomicrograph of rat liver tissue that received
50mg/kg Phenylhydrazine and 300 mg/kg Solanum
macrocarpon showing diminished necrosis, suppression of
ballooning degeneration of liver cells as well as the number of
vacuoles being significantly reduced.

Figure 5: Photomicrograph of rat liver tissue that received
50mg/kg Phenylhydrazine and 100 mg/kg Ascorbic acid
showing less inflammatory cell aggregates and improvement in
hepatocyte homeostasis.

According to studies, Solanum macrocarpon leaves possesses minerals
including lron, zinc, magnesium, potassium, copper, calcium and
sodium.® Calcium plays role in bone development and neurological
function®® while Sodium aids in control of fluids in the body as well as
and preserve electric potential that exists in body tissue. Iron plays
fundamental role in production of blood and in proper central nervous
system operation®! as well as ease with which lipids, proteins, and

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

carbohydrates are oxidized. Magnesium helps regulate insulin release
and blood pressure.5? Thus Solanum macrocarpon leaf with its mineral
concentration and phytochemicals would have rich nutritional value and
antioxidant properties contributing to the hemopoietic stimulating and
free radical quenching and scavenging actions of Solanum
macrocarpon leaf extracts.

Conclusion

This study is the first on anti-anemic potency of Solanum macrocarpon
leaves. The outcome of this study support consumption and usage of
Solanum macrocarpon for health benefits including hematological
related challenges, problems and anemia as well as supplement in our
meals and diet in the management and prevention of oxidative stress-
related pathologies and inflammation. Solanum macrocarpon leaf
exerts this protective effect via attenuation of lipid peroxidation and
oxidative stress by quenching free radicals and maintenance of
antioxidant defense status.
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