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ABSTRACT
Article info: Background: Solanum erianthum leaves extract has been used to treat sexually-transmitted
Received: 16 Jul 2020 i diseases, malaria, and leprosy. This study assessed the toxicity and safety of S. erianthum
i extract in rats.
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Online Published: 01 Jan 2021 Methods: Treatment w1th 250, 500 or 750 mg/kg of the. aqueous, .ethanohc apd methanolic
extracts in the rats had different effects on the biochemical activities of the liver, heart and
kidneys, and based on the hematological and histopathological changes observed after short-

term (30 days) and long-term (60 days) exposure.

Results: The serum biochemical parameters examined were AST, ALT, and ALP concentrations
in the albino rats treated with the extracts of S. Erianthum at various concentrations. The extract
showed significantly different effects in the treated versus untreated rats (P<0.05). The ALT level
significantly decreased after the administration of 250, 500, or 750 mg/kg of the aqueous extract
of S. Erianthum. There were significant differences in the hematological profile of the rats for all
doses of the methanolic extracts (P<0.05). Histopathological examinations detected Kupfter cells
activation in the liver, otherwise normal histology of the kidneys with respect to the glomeruli

. and tubules. Also, mild coronary vascular congestion was detected in the animals’ heart.
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Conclusion: The S. erianthum extracts were safe and without exerting toxic effect on the rat’s
heart or kidneys, as demonstrated for the doses up to 750 mg/kg given over 30 or 60 days.
However, the congestion in the rats’ spleens could be a cause for concern if the extract were to
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Introduction bioactive constitutnets with several chemical arrange-

ments, with both protective and disease-producing prop-

he basis for the engineering of modern erties. Medicinal plants are the best sources of obtain-

medicines revolves around medicinal ing a variety of potential drugs as suggested by World

plants, owing to the potentially useful Health Organization (WHO). In developing countries,

chemicals found in them [1-3]. The plant about 80% of individuals use plant medicines, because

kingdom symbolizes a vast reservoir of of their historical experience with the beneficial com-
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ponents i.e., phytochemicals, including terpenoids, ste-
roids, flavonoids, alkaloids and tannins [1, 4, 5].

About 50% of drugs presently used in healthcare are
originally of plant sources. However, not all plants with
medicinal properties have been investigated and ana-
lysed methodically. To date, several reports have been
published on the phytochemical properties of plants that
possess evidence of health benefits [6, 7]. Nigeria is
amongst the finest floristic region of the African conti-
nent and has been a rich source of medicinal plants since
old ages. People have produced herbal material by di-
verse techniques to meet their needs, principally as foods
or remedies [4, 7, 8].

Solanum erianthum (S. erianthum) is endemic to the
northern areas of South America and southern parts of
the United States (Figure 1). This plant has also been
known in other parts of the world particularly across the
tropical nations. Velvet nightshade, Potato tree, Mullein,
nightshade (S. donianum), and Salvadoran are the com-
mon names. In West Africa, the leaf extracts from Sola-
num species are administered for the diuretic and laxa-
tive properties and the claimed benefits in the treatment
of leprosy, malaria, communicable diseases, and liver
disorders [9, 10]. S. erianthum is considered appropriate
to make a hot drink; however, it is an undesirable plant
in Ghana. It has been purposefully cultivated as a source
for foods and remedy [11, 12].

Essential oils and extracts from the fruits and greeneries
of S. erianthum have been investigated for their cytotoxic-
ity alongside their traditional uses as medication, particu-
larly for wound healing, skin diseases, and stomach-relat-
ed illnesses [13, 14]. Decoction is a method of producing
extracts by boiling herbal or plant material [15]. In India,
decoctions of fruits are used for toothache, while raw fruits
are applied specifically to avoid leech-bites among the
communities in the Madurai District of Tamil Nadu [15].

Figure 1: The plant parts of Solanum erianthum.
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In Oaxaca, Mexico, S. erianthum is known as an oral
pain reliever for stomach aches and as a an antimicro-
bial agent for skin wounds [16]. Like other species of
its kind, S. erianthum has a number of ethnobotanical
and pharmacological applications. Its properties may
be attributed to the components, such as steroids, free
genins, saponins, and steroidal alkaloids of the spiroso-
lane group, i.e., tomatidine and solasodine. Ndebia et al.
[17] reported that the oral administration of Solanum tor-
vum (Solanaceae) extract exhibited anti-inflammatory
and analgesic effects. These properties justify the use of
Solanum species in traditional and herbal medicine [17].

However, despite the widespread and traditional uses
of this plant, comprehensive studies on its phytochemi-
cals and health effects in humans and animals are scanty.
Further, scientific evidence on its safety and toxicity is
missing. This study, therefore, aimed at investigating the
phytochemical potentials of S. erianthum leaves extract
produced with three solvents: water, ethanol and metha-
nol. The plant extract was administered to Albino rats at
graded doses and the health effects were examined in the
blood samples and essential organs, using hematologi-
cal, biochemical and histopathological investigations.

Materials and Methods

Chemicals and equipment: All chemicals and re-
agents used in this study were of analytical grades and
received from Sigma-Adrich (St Louis, USA). The
chemicals were: Ethylene Diamine Tetra Aceticacid
(EDTA) and biochemical enzyme kits to determine the
serum levels of Alanine Phosphatase (ALP), Alanine
Transaminase (ALT), and serum total proteins, which
were performed colourimetrically.

Collection of plant material and extraction: Fresh
mature leaves of S. erianthum were collected from the
bushes in Benin City, Nigeria. They were identified and
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validated by an expert plant botanist from the Depart-
ment of Plant Biology and Biotechnology, University
of Benin, Benin, Nigeria. The S. erianthum leaves were
washed thoroughly, air-dried, and pulverized to a fine
powder in a blender. About 6000g of the powder were
extracted with 7.5 L of each of the solvents, followed
by filtration and subsequent concentration in a rotary
evaporator. This step was followed by freeze-drying to
obtain a solid extract material.

Phytochemical tests: The phytochemical profiling of the
extract was performed with few modifications based on the
previously reported procedures [2, 4, 6-8, 12, 18-20].

Animal experiments: Albino rats weighing 120-140g
were used for the purpose of this study. They were re-
ceived from the disease-free stock of the Animal House,
Department of Biological Sciences, University of Ibadan,
Nigeria. They were housed in metal cages lined with
wood shavings under standard environments of 12hr.
light-dark cycle, temperature, relative humidity and ad-
equate ventilation. The rats had free access to food and
water ad libitum. The animals were allowed to acclama-
tize to the lab environment for one week, with the feed
and water changed regularly and the cages cleaned daily.

Animal grouping and treatments: The rats were sep-
arated into five groups of 21 each. Groups 1 and 2 served
as the controls, while Groups 3, 4 and 5 were adminis-
tered orally with S. erianthum extract at doses of 250,
500 or 750 mg/kg, respectively. The assigned extracts
were administered once daily by gavage and the animals
were sacrificed at the end of 30 or 60 days, depending on
the group assignment.

Collection and preparation of blood, serum and or-
gans: At the end of the handling period per group, the rats
were sacrificed, and the blood samples collected from the
heart by cardiac puncture into EDTA-treated and lithium
heparin tubes for hematological and biochemical tests.
The collected organs were dissected out and immersed in
formalin for later histological examinations. The lithium
heparin tubes containing the sera were centrifuged for 10
minutes at 3000 rpm. The plasma was collected and used
for the subsequent biochemical assays [3, 21, 22].

Biochemical assays: Serum Aspartate Transaminase
(AST), Alanine Transaminase (ALT) and Alkaline
Phosphatase (ALP) were estimated colorimetrically, us-
ing Randox reagent enzyme kits based on established
methods [1, 23]. The absorbance values were converted
to concentrations, using the Randox conversion table.
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Calculations: The serum AST and ALT levels were
extrapolated from a reference standard curve (provided
with the Randox reagent kits), while ALP activity in
IU/L was estimated by means of the following formula:
IU/L = (Absorbance of sample / Absorbance of stan-
dard) x Standard concentration.

Hematological assays: The hematological assays were
evaluated with an auto-reader PC 210N Erma (Tokyo,
Japan). The blood samples in the EDTA-treated tubes
were used for full blood cell counts, including White
Blood Cells (WBC), Hematocrit (HCT), Red Blood Cells
(RBC), Hemoglobin (Hgb) and WBC differentials.

Histopathological & morphological studies: In order
to evaluate the histological changes, the kidneys, heart,
spleen and liver were fixed in formalin, sectioned and
stained with haematoxylin and eosin. Detailed microscop-
ic examinations of the organ sections were carried out for
all animal groups. In each group, photomicrographs were
obtained at two magnification levels of 100 and 400.

Statistical analyses: Following the statistical analyses,
the data were expressed as the means +standard devia-
tions (Mean+SD), and the differences among the groups
(controls vs experimental) were evaluated by One-way
Analysis of Variance (ANOVA), using Statistical Pack-
age for Social Sciences (SPSS) V. 18.

Results

Qualitative phytochemical screening: The results of
the phytochemical profiling of the aqueous, ethanolic
and methanolic leaf extracts of S. erianthum demon-
strated that they possessed such properties for lowering
blood sugar, and contained steroids, proteins, flavo-
noids, tannins, alkaloids, and saponins.

Biochemical effects of the extracts: Treatment with
250, 500 or 750 mg/kg of the aqueous, ethanolic and meth-
anolic extracts showed varying effects on the biochemical
activities of ALT, AST and ALP compared to the controls
after short-term (30 days) and long-term (60 days) expo-
sure. The results of these tests are presented in Tables 1-6.

Aqueous extract: As reflected in Table 1, the Alanine
aminotransferase (ALT) levels significantly increased
when 250 mg/kg of the aqueous extract was adminis-
tered for 30 days. However, the 500 mg/kg dose had
no significant effect. The serum AST level significantly
increased compared to that of the controls at all concen-
trations of the aqueous extract. As shown in Table 2, the
ALT levels significantly decreased with 250, 500 or 750
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Table 1. Effect of aqueous extract on the biochemical parameters in albino rats (Day 30)

MeantSD
Biochemical Parameter (1U/L) Control Dosages
250 k 750 k
(Undosed) mg/kg 500 mg/kg mg/kg
Alanine aminotransferase (ALT) 3.96+0.07 4.76+0.40 4.44+0.52 3.94+0.06
Aspartate aminotransferase (AST) 6.96+0.14 38.85+0.79° 7.20+0.35 15.73+0.432
Alkaline phosphatase (ALP) 169.76 9.26 50.40+1.872 200.15+1.25° 60.35+0.89*
* Significantly different from that of the controls at P<0.05.
Table 2. Effect of aqueous extract on the biochemical parameters in albino rats (Day 60)
MeantSD
Biochemical Parameter (1U/L) Control Dosages
2 k 7 k
(Undosed) 50 mg/kg 500 mg/kg 50 mg/kg
Alanine aminotransferase (ALT) 5.12+0.54 4.6610.31 4.64+0.32 4.05+0.15
Aspartate aminotransferase (AST) 7.86+0.23 38.86+1.09° 8.17+0.43 16.04+0.69°
Alkaline phosphatase (ALP) 179.66+0.57 52.3943.12° 203.51+2.20? 60.05+2.17°
2Significantly different from that of the controls at P<0.05.
Table 3. Effect of ethanolic extract on the biochemical parameters in albino rats (Day 30)
Mean1SD
Biochemical Parameter (IU/L) Control 250 mg/k Dosages 750 ma/k
(Undosed) E/ke 500 mg/kg E/ke
Alanine Aminotransferase (ALT) 3.11+0.11 3.66+0.14 5.51+0.17° 5.61+0.35
Aspartate Aminotransferase (AST) 12.74+0.23 54.22+0.69° 63.59+0.42° 13.81+0.17°
Alkaline Phosphatase (ALP) 169.80+0.26 69.03+0.96° 71.58+0.64° 81.58+0.29°
aSignificantly different from that of the controls at P<0.05.
Table 4. Effect of ethanolic extract on the biochemical parameters in albino rats (Day 60)
MeantSD
Biochemical Parameter (IU/L) C
trol D
ontro 250 mg/kg osages 750 mg/kg
(Undosed) 500 mg/kg
Alanine aminotransferase (ALT) 3.31+0.20 4.27+0.47° 5.61+0.09° 4.92+0.86
Aspartate aminotransferase (AST) 13.72+0.25 54.45+1.07° 53.03+1.46° 52.87+1.42°
Alkaline phosphatase (ALP) 170.30+1.54 69.03+0.96° 71.69+0.77° 71.60+1.12°
aSignificantly different from that of the controls at P<0.05.
Table 5. Effect of methanolic extract on the biochemical parameters in albino rats (Day 30)
MeanSD
Biochemical Parameter (1U/L) Control Dosages
250 mg/k 750 mg/k
(Undosed) &/ke 500 mg/kg g/ke
Alanine aminotransferase (ALT) 3.05+0.05 62.43+0.37° 13.28+0.25° 22.16+0.17°
Aspartate aminotransferase (AST) 2.30+0.34 12.4240.12° 10.41+0.11° 9.22+0.19°
Alkaline phosphatase (ALP) 169.63+0.55 119.41+0.35* 253.41+0.37° 157.27+0.26*

*Significantly different from that of the controls at P<0.05.
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Table 6. Effect of methanolic extract on the biochemical parameters in albino rats (Day 60)

MeantSD
Biochemical Parameter (1U/L) Control Dosages
250 k 750 ki
(Undosed) mg/kg 500 mg/kg mg/kg
Alanine aminotransferase (ALT) 3.97+0.04 63.67+2.08° 55.17+0.04° 22.1940.74°
Aspartate aminotransferase (AST) 2.78+0.11 5.60£0.442 9.35+0.052 7.52+0.25°
Alkaline phosphatase (ALP) 172.63+0.55 120.1240.13° 144.54+0.47° 150.38+0.33°
2Significantly different from that of the controls at P<0.05.
Table 7. Hematological effects of S. erianthum aqueous extract in albino rats (Day 30)
MeantSD
Parameter Control Dosages
2 k 7 k
(Undosed) 50 mg/kg 500 mg/kg 50 mg/kg
WBC (103/pL) 8.20+0.13 11.26+0.08° 12.79+0.02° 30.85+0.36*
Lymphocyte (%) 5.66+0.08 5.45+0.06° 9.35+0.07° 8.70£0.14°
Monocyte (%) 1.15+0.49 1.33+0.01 1.78+0.04 4.40+0.01°
HGB (g/dl) 15.26+0.36 12.63+0.04° 12.7340.11 14.28+0.04
Hematocrit (%) 38.80+0.14 39.48+0.11° 35.90+0.14 40.38+0.252
Platelet (103/pL) 915.50+0.71 843.30+0.42° 678.00+1.41° 872.50+0.71°
RBC (MI/mm3) 6.65+0.21 5.84+0.01 6.27+0.04 6.65+0.01
*Significantly different from that of the controls at P<0.05;
WBC: White Blood Cells; HGB: Haemoglobin; RBC: Red Blood Cells.
Table 8. Haematological effects of S. erianthum ethanolic extract in albino rats (Day 30)
MeantSD
Parameters Control Dosages
2 k 7 k
(Undosed) 50 me/kg 500 mg/kg 50me/ke
WBC (103/uL) 12.40+0.01 7.25+0.03° 9.60+0.14° 8.64+0.05
Lymphocyte (%) 7.40£0.14 4.40:0.14 5.35+0.02° 6.35+0.13°
Monocyte (%) 6.67+0.15 6.87+0.11 6.30+0.35° 6.52+0.64
HGB (g/dl) 14.35+0.21 16.30+0.28° 14.22+0.16 13.35+0.21
Platelet (103/puL) 647.50+0.71 415.50+2.12 602.25+0.35* 753.50+0.51
Haematocrit (%) 39.65+0.49 44,95+0.21° 38.90+0.14° 38.45+0.01*
RBC (MI/mm3) 1.62+0.04 0.95+0.07° 11.64+0.19 1.45+0.07

*Significantly different from that of the controls at P<0.05;

WBC: White Blood Cells; HGB: Haemoglobin; RBC: Red Blood Cells.

mg/kg of the aqueous extract of S. erianthum over 60
days. For 250 mg/kg, there was a considerable increase
in AST but for 500 and 750 mg/kg, the increase was not
as high as that of the 250 mg/kg. On the other hand, the
ALP levels significantly decreased with 250 and 750 mg/
kg doses compared to the untreated group (P<0.05).

Ethanolic extract: As shown in Table 3, the ALT lev-
els significantly altered after treatment with 250, 500 or

750 mg/kg of the ethanolic extract. At 750 mg/kg dose,
there was an increase in AST (30 days) but for 500 and
250 mg/kg the increase was much higher than that of
the 750 mg/kg dose. Also, the ALP levels significantly
changed at 250, 500 or 750 mg/kg doses compared to of
the untreated groups. For the long-term effects (60 days),
the ALT levels significantly increased at 250, 500 or 750
mg/kg doses of the ethanolic extract (Table 4). At 250

Uzoekwe NM, et al. Toxicological Assessment of Solanum Erianthum Extracts in Albino Rats. Iran J Toxicol. 2021; 15(1):37-48.



http://ijt.arakmu.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en

=i
'/”;@j@lranian Journal of Toxicology

January 2021, Volume 15, Number 1 W5)  ARAK UNIVERSITY OF MEDICAL SCIENCES

Table 9. Haematological effects of S. erianthum methanolic extract in albino rats (Day 30)

MeantSD
Parameters Control Dosages
250 k 750 ki
(Undosed) mg/kg 500 mg/kg mg/kg
WBC (103/pL) 12.37+0.05 14.95+0.12° 6.60+0.14° 10.95+0.08°
Lymphocyte (%) 7.35+0.03 10.70+0.14° 3.93+0.04° 6.95+0.64
Monocyte (%) 1.63+0.04 1.64+0.06 0.76+0.08° 1.19+0.02
HGB (g/dl) 14.30+0.42 15.60+0.11° 12.40+0.57° 11.78+0.04*
Haematocrit (%) 32.75%1.06 43.90+0.13° 37.05+0.78° 34.15+0.49°
Platelet (103/pL) 845.50+3.54 694.00+7.07° 759.50+3.54° 603.25+0.35%
RBC (MI/mm3) 6.86+0.01 6.74+0.02 5.60+0.28 6.10+0.03
2Significantly different from that of the controls at P<0.05;
WBC: White Blood Cells; HGB: Haemoglobin; RBC: Red Blood Cells.
and 500 mg/kg doses, there were significant increases Methanolic extract: The ALT levels rose significantly

in the serum AST levels, but for 750 mg/kg the increase with 250, 500 or 750 mg/kg of the methanolic extract af-
was not as high. However, the ALP levels significantly ter 30 days exposure compared to those for the untreated
decreased for all of the doses (250, 500 & 750 mg/kg) rats (Table 5). Also, the AST levels significant increased for
compared to those for the untreated rats. all of the doses administered. The ALP levels on the other

hand, changed meaningfully in response to the treatment

A B
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Figure 2. The liver photomicrographs

A: Microscopic section of normal rat liver (control) showing; A: Hepatocytes; B: sinusoids; and C: central vein;

B: Rat liver treated with 250 mg/kg aqueous extract showing; A: Normal hepatocytes; and B: Mild Kupffer cell activation;
C: Rat liver treated with 500 mg/kg methanol extract showing; A: Moderate Kupffer cell activation;

D: Rat liver treated with 750 mg/kg ethanol extract showing; A: Normal hepatocytes.

Uzoekwe NM, et al. Toxicological Assessment of Solanum Erianthum Extracts in Albino Rats. Iran J Toxicol. 2021; 15(1):37-48.
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Figure 3. The kidney photomicrograph
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A: Kidney section of normal control rat, showing: A: Tubules; B: Interstitial space; and C: Glomerulus;

B: Rat kidney treated with 250mg/kg aqueous extract showing: A: Normal tubules;

C: Rat kidney treated with 750mg/kg methanol extract showing A: Normal glomerulus; B: Tubules;

D: Rat kidney treated with 500mg/kg ethanol extract showing A: Normal glomerulus; B: Tubules.

with 250, 500 or 750 mg/kg doses as compared to those
found for the untreated groups. For the long-term effect (60
days), the ALT levels significantly increased (Table 6) in re-
sponse to 250, 500 or750 mg/kg of the methanolic extract.
Also, there were significant increases in AST at all doses of
the extract. Conversely, the serum ALP levels significantly
changed in response to the treatment at 250 or 750 mg/kg
dosages compared to those noted for the untreated groups.
Lastly, the AST, ALP and ALT levels differed significantly
in rats treated with the extract for 30 or 60 days compared
to the untreated rats at all concentrations used (P<0.05).

Hematological findings: As shown in Tables 7, 8 and 9,
there was an increase in white blood cells concentration
following the aqueous extract administration. However, the
use of the ethanolic and methanolic extracts led to decreas-
es in WBC values as compared to those of the controls.
Altered platelet concentration was also found for all doses
of the extract administered to the rats (Tables 7, 8 & 9).

There was a significant difference within the hemato-
logical profile (WBC, RBC, Hgb, platelets, HCT, lym-
phocytes and monocytes) of the rats for all doses of the

methanolic extracts (P<0.05). However, the values ob-
tained were within a normal range. The results showed
no deleterious effects of the extract on the blood cell
counts and hemoglobin content.

Morphological and histopathological findings: The
histological analyses showed cell structural changes
in normal controls and those treated with the aqueous,
ethanolic and methanolic extracts. After treatment of the
groups with 250, 500 or 750 mg/kg doses of the extract,
the liver, kidneys, heart, and the spleen showed evidence
of structural alterations and injuries. The liver photomi-
crographs from the control group showed normal hepa-
tocytes, sinusoids and the central vein (Figure 2A). The
rat livers treated with 250, 500 or 750 mg/kg of the aque-
ous, methanolic, or ethanolic extracts showed mild to
moderate kupffer cell activation (Figures 2B & D). The
kidney photomicrographs from the control and all of the
treated groups showed normal tubules, interstitial spaces
and glomerular structures (Figures 3A & D).

The photomicrographs of the control hearts showed nor-
mal bundles of myocardial fibres, coronary arteries and

Uzoekwe NM, et al. Toxicological Assessment of Solanum Erianthum Extracts in Albino Rats. Iran J Toxicol. 2021; 15(1):37-48.
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A: Heart section of normal control rat showing A: Bundles of myocardial fibres; B: Coronary artery; and C: Interstitial space;

B: Rat heart treated with 250 mg/kg aqueous extract showing A: Mild coronary vascular congestion;

C: Rat heart treated with 250 mg/kg methanol extract showing A: Normal myocardial fibres; B: Coronary artery;

D: Rat heart treated with 750 mg/kg ethanol extract showing A: Normal myocardial fibres; B: Normal coronary artery.

interstitial spaces (Figure 4A). However, the treatment
with 250, 500 or 750 mg/kg of the aqueous, methanolic or
ethanolic extracts revealed mild congestion in the coronary
vasculature, but normal myocardiac fibres and coronary
arteries (Figures 4B & D). Whereas the control photomi-
crographs from the rats’ spleens showed white and red
pulps (Figure 5A). The treatment with 250-750 mg/kg of
the aqueous, methanolic or ethanolic extracts revealed nor-
mal to mild follicular activation of the spleen with mild to
moderate degrees of sinus histiocytosis and mild arteriolar
dilation, and congestion (Figures 5B & D).

Discussion

Phytochemical findings: Phytochemicals are second-
ary plant metabolites, known to exhibit diverse pharma-
cological and biochemical effects on living organisms [2,
4, 18, 20, 21]. The qualitative analyses of phytochemi-
cals remain the vital aspects of pharmacognosy [5, 8, 20].
Phytochemical screening of the S. erianthum extracts
has led to the discovery of saponins, alkaloids, steroids,
reducing sugar, flavonoids, protein and tannins. These
phytochemicals exhibit various pharmacological and bio-

chemical effects when ingested by animals [1, 5, 6, 8, 18].
The qualitative phytochemical screening and findings of
S. erianthum were in disagreement with those reported by
Xavier et al. [12]. They did not detect alkaloids, glyco-
sides, flavonoids and catechin in the extracts of this plant.

Hematological findings: The extracts of S. erianthum
leaves reflected a surprising trend. There was an increase
in white blood cell counts following the administration
of the aqueous extract. However, the administration of
ethanolic and methanolic extracts led to decreases in
WBC values as compared to that of the controls. This
may be due to complex chemical reactions. The altered
platelet count was also found for the ethanolic and
methanolic extracts administered to the rats. This may
explain why S. erianthum is usually used in the treatment
of skin diseases since platelets are involved in clotting
and lead to the subsequent wound healing. Some of the
enzymes find their way into the serum, probably by leak-
age during tissue damages. Valuable tools in the clinical
diagnosis that provide evidence on the consequence of
pathological damages to any tissue are linked to serum
enzyme levels [3, 10, 21, 24]. An increase in the serum
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Figure 5. The control photomicrographs from the rats” spleen
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A: Rat spleen section of normal control sample showing A: White pulp; and B: Red pulp;

B: Rat heart treated with 250 mg/kg aqueous extract showing A: Mild follicular activation; and B: Moderate sinus histiocytosis;

C: Rat spleen treated with 500 mg/kg methanol extract showing A: Normal follicular architecture;

D: Rat spleen treated with 250 mg/kg ethanol extract showing A: Mild sinus histiocytosis.

ALP may be the sign of hepatic impairment probably by
the altered cell membrane, causing seepage of the en-
zymes into the serum [24, 25].

The analysis of the blood parameters is pertinent to
risk assessment as alterations in the hematological sys-
tem provide a higher prognostic value in human poi-
soning than those interpreted from animal experiments
[3, 25]. Major alterations within the hematological pa-
rameters constitute WBC, RBC, Hgb, platelets, hema-
tocrit, lymphocytes and monocytes levels. In this study,
we observed mild changes within normal ranges for all
doses of the methanolic extracts (P<0.05). The results
showed no deleterious effects on blood cell counts and
hemoglobin concentration, thereby suggesting that the
extract had no toxic effect on the blood [25]. This study
revealed that the hematological parameters in rats treated
with the various doses of the ethanolic extract were not
outside the normal range. These findings were consistent
with those reported by other studies, indicating the lack
of significant consequences by the various plant extracts
on the hematological parameters [21, 22, 26].

Biochemical findings: The increases in the concen-
trations of serum transaminase enzymes are suggestive
of hepatic impairment in the rats [3]. Investigations of
the liver function enable the assessment of the normal
release of serum ALP, AST, and ALT. In liver patholo-
gies, these enzymes leak into the blood depending on
the extent of tissue damages [27, 28]. Aminotransfer-
ases constitute enzymes that catalyze the conversion of
amino acids and a-keto acids via amino groups transfer.
The enzymatic activities measurement of AST and ALT
are of medical and toxicological significance, suggestive
of liver damages by toxins [7, 28]. The AST levels in-
creased in this study; however, ALT is a better marker of
hepatocellular damage [29].

Upon examining the effects of the aqueous, ethanolic
and methanolic extracts on the biochemical parameters,
significant increases in serum AST and ALT levels were
observed in response to 250, 500 or 750 mg/kg of the
extract together with a marked decrease in the ALP level.
The increases in AST and ALT levels may indicate im-
paired liver function caused by the most of the extract
doses, as evident by the presence of mild kupffer cells
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activation (Figures 2B & C). These observations agree
with the previous reports, noting that ALP elevation de-
notes disturbed liver excretory functions. Severe liver
injury is reflected by the elevations in the mitochondrial
enzymes and serum AST and ALT [25, 28].

AST is usually assessed clinically to screen for liver
normal function. Nevertheless, it should be noted that
the origin of AST, and to a lesser extent ALT in the
blood, may suggest the presence of abnormal conditions
the liver and organs. Indeed, if the AST level is higher
than the ALT, a more detailed investigation of the liver
enzymes should be attempted. For instance, muscle in-
flammatory conditions as a result of dermatomyositis
may cause AST to rise more than that of ALT while
choline deficiency may cause serum ALT to rise. It has
been confirmed that ALT and AST levels are not good
indicators of liver functions on their own, since they do
not reliably replicate the synthetic capability of the liver
[27-29]. Such an elevation was observed in this study as
aresult of the administration of 250, 500 or 750 mg/kg of
the S. erianthum extract, which could be due to choline
deficiency [30]. On the other hand, the ALP levels were
significantly lower after the administration of 250 or 750
mg/kg doses compared to those for the normal controls.
This might due to cellular membrane damages, since
ALP is a membrane bound enzyme. Again, it could be as
a result of malnutrition, e.g. celiac disease or deficiency
in certain vitamins and minerals [30].

Histological effects: Histopathological examination
of liver, kidneys, spleen and heart tissues did not reveal
any acute or chronic condition resulting from the effect
of the aqueous, methanolic and ethanolic extracts. How-
ever, there was a mild activation of kupffer cells noted.
Kupffer cells are hepatic macrophages that reside in the
lumen of the liver sinuses [31]. They are activated subse-
quent to liver injuries and hepatocellular necrosis, lead-
ing to the release of inflammatory mediators [31].

Liver plays a major role in the body metabolism and
participate in the decomposition of red blood cells, gly-
cogen storage, hormone production, synthesis of plasma
protein, excretion of waste materials, xenobiotic metab-
olism, and most drugs [22, 25]. The histopathologic re-
sults of the kidneys revealed normal tubules, interstitial
space and glomeruli, and did not show signs of glomero-
nephritis, suggesting the safety of the extract.

The histopathological results from the rats’ heart tissue
samples following the administration of the graded doses
of the aqueous, methanolic and ethanolic extracts revealed
mild vascular congestion in both the heart and spleen.
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Normal bundle of myocardial fibres and coronary arteries
were observed, indicative of the mild inflammatory effect
of the extract on the heart and the coronary vasculature.

In the rats’ spleen tissue, the aqueous extracts induced
a significant activation of the sinus histiocytosis with the
administered 250 mg/kg. However, normal follicular ar-
chitecture was observed in the spleen with 500 or 750
mg/kg of the aqueous extract. Moreover, treatment with
graded doses of methanolic or ethanolic extracts caused
mild follicular activations. Again, these findings signify
that the extract’s activation of the immune system in the
spleen at low doses. Lastly, there was no indication of
toxic damage by the extract in the heart and spleen tissues.

Conclusions

This paper investigated the phytochemicals in the
aqueous, ethanolic and methanolic extracts of S. eri-
anthum leaves. Based on the results, we can conclude
that the phytochemicals are of clinical importance due
to their nutritional constituents and their hematological,
biochemical and histological effects as shown in albino
rats. These properties may be extrapolated to health ben-
efits in humans. However, significant rises in the serum
AST and ALT in rats in response to doses of the extract
calls for exercising caution if used in humans. The isola-
tion and molecular identification of the extract’s bioac-
tive constituents await future research on the extract.
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