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Sphenotylis stenocarpa seeds (African yam bean) represent one of the under-exploited nutrient-rich leg-
umes associated with African folklore and disease-remedy claims, that have not been fully authenticated
scientifically. The wellness enhancement effect of roasted pulverized S. stenocarpa (PROSS) diet formula-
tions on liver, renal, and hematological indices was investigated. Rats were assigned randomly into five
groups (n = 5). Group | received standard rat chow. Groups II-V received a diet of 10%, 20%, 30%, and 40%
PROSS mixed with standard rat chow to make 100 mg/kg body weight, respectively. After a five-week
regular feeding regimen, animals were humanly sacrificed, and biochemical and histological indices were
determined. Groups administered various diet formulations of PROSS showed a significant (p < 0.05) in-
crease in catalase, superoxide dismutase, and glutathione peroxide activity and a decrease (p < 0.05) in
MDA level compared to normal control. Although serum creatinine, total protein, and potassium levels did
not differ significantly (p > 0.05) across the groups, however, the chloride level increased significantly (p <
0.05), compared to the control. Furthermore, sodium ion level decreased at low doses (10% and 20%
PROSS) (p < 0.05) but increased at higher doses (p < 0.05), while serum urea level decreased with an in-
crease in dosage (p < 0.05). A significant increase in HDL level (p < 0.05) and a decrease in TAG, LDL, and
VLDL levels (p < 0.05) were also recorded. Also, ALP, ALT, and AST activity in the serum decreased across the
groups (p < 0.05), while RBC, WBC, Hb, and hematocrit (Ht) levels were elevated as the dose increased.
Normal organ architectures were observed in all the groups. Our data suggest that moderate consumption
of PROSS enhances hepatic and renal well-being.
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1. Introduction

The African community is prosperous in agricultural products, which are excellent sources of
essential nutrients and supplements in an era plagued with constant food insecurity (Popoola et
al., 2022). Plant-based foods remain the ultimate and irreplaceable source of micro- and macro-
nutrients for most of the world's population (Alcorta et al.,, 2021). Legumes are nutrient-rich
food sources that enjoy several advantages over other food sources in terms of availability,
affordability, acceptability, and protein content (de Jager et al., 2019; Hughes et al., 2022; Polak
et al., 2015). However, some nutrient-rich plants have remained under-exploited (Akinola et al.,
2020). Sadly, in Africa (particularly in Nigeria and Ghana), some of these nutrient-rich and
health-improving legumes have been underutilized and neglected (lkhajiaghe et al.,, 2022;
Popoola et al., 2019).
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Sphenostylis stenorcarpa seed (African yam bean) is an underutilized
leguminous staple food in Africa with numerous medicinal proper-
ties, which are yet to be exploited fully for their health benefits for
humans and livestock (Adewale & Nnamani, 2022; George et al,,
2020). The African yam bean (AYB) is mainly distributed in the tropic
regions of Africa and is usually dispersed in the southeastern area of
Nigeria (Klu et al., 2000; Nnamani et al., 2017). Normally, AYBs are
cultivated for edible seeds and tubers, which have high nutritional
value and could be commercialized for profit-making (Gbenga-
Fabusiwa, 2021). The plant tuber, which resembles Irish or sweet
potatoes, usually lies beneath the ground, while the edible seeds are
seen above the ground in appreciable yield (Eneh et al., 2016). The
plant is usually cultivated in farmlands or found ubiquitously as a
weed in grasslands (Gbenga-Fabusiwa, 2021; Klu et al., 2000).

The AYB plant has found several applications as a natural disease
remedy in African folklore (George et al., 2020). Reports have shown
that AYB showed ameliorative potential in managing cardiovascular
diseases, anemia, hypertension, and diabetes (Adewale & Nnamani,
2022; George et al., 2020). However, the disease-preventive poten-
tial of AYB claimed in folklore has not been fully documented scien-
tifically. Based on the premise that the plant seed is commonly
consumed as a snack when roasted and represents a source of lunch
for poor masses in the locales of developing countries, it became
expedient to assess the nutritive and health-benefit potentials of
the processed flour meal and to identify any possible toxicity on vital
organs. We believe that the study will provide researchers with
more insight and clarity on the knowledge gap on the medicinal
properties and toxicological profile of AYB yet to be explored by
researchers to optimize its utility. Therefore, this study aimed to
ascertain the effect of various diet formulations of roasted S. sten-
ocarpa seeds on kidney and liver function and some hematological
indices in Wistar rats.

2. Materials and methods
2.1. Materials
2.1.1. Plant sample collection and identification

Fresh seeds of S. stenocarpa were collected from a farm land at
Orba village, in Udenu Local Government Area, Enugu, Nigeria. The
plant seeds were identified by a botanist named Mr. Afred Ozioko at
the Taxonomy Unit, Department of Plant Science and Biotechnology,
University of Nigeria, Nsukka. A sample of the plant seeds was de-
posited in the herbarium for future retrieval (Voucher no: Inter-
CEDD/16325).

2.2. Methods
2.2.1. Preparation of plant material

Fresh seeds of S. stenorcarpa were hand-picked and made free from
extraneous materials, after which the plant seeds were roasted at
about 300 °C for an hour using firewood as prepared traditionally.
After roasting, the epicarp (outer peel) was removed and seeds
were pulverized into fine particles using a grinding machine and
stored in an airtight container until needed for further studies.

2.2.2. Determination of proximate composition

The seeds were analyzed for moisture, ash, crude fiber, protein,
crude fat, and carbohydrates determined by difference according to
the method described by AOAC (AOAC, 2005). Determination of
moisture content was gravimetrically performed allowing the sam-

ples to dry at 100 °C in an oven to a constant mass and recorded.
After drying, other chemical determination was performed with the
resultant dried materials. Determination of crude protein content
was performed using the Kjeldahl method (AOAC Method No:
978.04). Determination of crude fat was performed following the
Soxhlet extraction with petroleum ether as solvent at 60 — 80 °C
(AOAC Method No: 930.09). Determination of the ash content of the
sample was carried out by burning the sample to ash at 550 °Cin a
muffle furnace (AOAC Method No: 930.05).

2.2.3. Determination of minerals

Selected minerals, including sodium, potassium, and chloride were
extracted from dry ashed samples and determined by atomic ab-
sorption spectrophotometer (AOAC Method No: 975.03) (AOAC,
2005).

2.2.4. Experimental animals

Twenty-five Wistar rats and sixteen albino mice of both sexes with a
weight range of 107 - 148 g and 23 - 32 g, respectively, were em-
ployed in the study. Animals were obtained from the Department of
Zoology and Environmental Biology Animal Housing Unit and al-
lowed to acclimatize for fourteen days under optimal hygiene, tem-
perature, pressure, and humidity conditions. Standard cages, kept in
a room maintained at a congenital temperature (27 £ 1 °C) and 12-
hours light/dark cycles, were employed in the study. Animals were
administered solely standard rat chows (Grand Cereals Ltd, Jos,
Nigeria) in pellet form and water ad libitum during the acclimatiza-
tion period. The handling of experimental animals was done with
utmost meticulousness and adhered to conventional ethical consid-
erations. Ethical clearance documents were obtained from the
Research ethics unit (Approval No: UNN/FBS/EC/1028).

2.2.5. Feed formulation

Diet formulations assigned to various groups were formulated by
mixing pulverized roasted S. stenorcarpa seeds (PROSS) with stand-
ard rat chow (Grand Cereals Ltd, Jos, Nigeria) at specified ratios.

2.2.6. Acute toxicity (LDsp) study

The acute toxicity experiment was carried out with mice following
the outlined protocols of Lorke (1983).

2.2.7. Animal groupings and experimental design

The presented study employed the completely randomized design
(CRD) method of experimental design. Twenty-five (25) healthy
Wistar rats were employed in the study. Animals were randomly
assigned into five groups comprising five rats each and were given
different feed formulations for five weeks. Rats in each group were
administered group-specific diet formulation as well as water ad
libitum daily for 5 weeks. In brief, Group | served as normal control
and was administered oral doses of 100 % standard rat chow, while
Groups II-V received 10 %, 20 %, 30 %, and 40 % roasted pulverized
S. stenorcarpa seeds mixed with standard rat chow to make 100
mg/kg b.w., respectively.

2.2.7. Blood sample and organ collection

After five (5) weeks of a standard group-specific feeding regimen,
animals were deprived of food overnight and humanely euthanized
the following day by overdosing with halothane (an anesthetic).
Blood samples of rats in each group were separately collected via
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cardiac puncture into group-specific and well-labeled plain tubes
and EDTA tubes. After sacrifice, animals' vital organs were also
harvested and labeled properly for further biochemical determina-
tions, organs weighting and histological study.

2.2.8. Biochemical analysis

Blood samples collected with ethylenediaminetetraacetic acid
(EDTA) tubes were adopted for the analysis of hematological indices
[red blood cells (RBC), white blood cells (WBC), hemoglobin (Hb),
and hematocrit (Ht)] using a Sysmex KX-21N hematology analyzer.
(Sysmex Corporation, Kobe-Japan) following the manufacturer's
guidelines for reagents and instruments (Imai et al.,, 2008). The
Roche Cobas 6000 biochemistry analyzer was used to determine
liver function markers enzymes [alkaline phosphatase (ALP), alanine
transaminase (ALT), and aspartate transaminase (AST)], lipid profile
indices [triacylglycerol (TAG), total cholesterol (Tchol), low-density
lipoprotein (LDL), very low-density lipoprotein (VLDL), and high-
density lipoprotein (HDL)], and kidney function parameters (serum
electrolyte, urea, and creatinine) in the serum derived from whole
blood samples of respective groups (Biadgo et al., 2016). Further-
more, liver antioxidant enzymes [catalase (CAT), glutathione peroxi-
dase (GPx), and superoxide dismutase (SOD)] activity were deter-
mined following the outlined protocols of Xin et al. (1991), Hafeman
et al. (1974), and Aebi (2012), respectively. In addition, hepatocyte
lipid peroxidation status was determined spectrophotometrically by
measuring the level of the lipid peroxidation product, malondialde-
hyde (MDA) based on the method of Wallin et al. (1993).

2.2.9. Histological studies

This study was performed according to the method described by
Akintunde et al. (2013). Excision of organs (liver and kidney) was
made separately immediately after animals were humanely sacri-
ficed. The excised tissues were rinsed and fixed in 10% buffered
formalin. Dehydration was accomplished using graded volumes of
alcohol, after which xylene was used to clear the tissues before
embedding it in paraffin wax. A microtome was used to excise sec-
tions of about 5-6 um thick of the embedded tissues, followed by
staining with hematoxylin and eosin. Photomicrographs showing the
state of the micro-environment of the liver and kidney tissues were
captured and recorded under the microscope (Nikon-Japan) operat-
ed at 100 x magnifications.

2.2.10. Statistical analysis

Obtained data were analyzed statistically using one-way and two-
way analysis of variance (ANOVA) in an optimized version (23) of the
Statistical Product and Service Solutions (SPSS) tool. The analyzed
data were expressed as mean * standard deviation of the mean
(SD). The differences in mean across the various groups were ana-
lyzed using Duncan's post hoc study. The significance level of all
determinations was fixed at p = 0.05.

3. Results and discussion
3.1. Proximate composition of PROSS

The proximate composition of PROSS (as presented in Table 1)
showed that the legume is rich in carbohydrates (65.40%) and con-
tains a considerable amount of protein (19.45%), with relatively
smaller amounts of moisture (6.15%), crude fiber (3.66 + 0.01%),
fats (2.80%), and ash (2.56%) indicative of the minerals content. The
rich composition of carbohydrates suggests that PROSS seed could
be a good candidate for fostering food security. As a staple food

with high carbohydrate content, its consumption could be a source
of energy for the various types of menial jobs and strenuous in-
volvements common among the poor masses in the locales of de-
veloping countries. The appreciable amounts of protein and miner-
als present in PROSS suggest its potential to serve as a functional
food that could be employed in curbing the menace of protein
deficiency and essential minerals and their consequences ranging
from poor health development to kwashiorkor and even death. It
could also represent a source for formulating infant feeds by its rich
nutrient composition. The result obtained from this study was seen
to be higher than that reported by Ndidi et al. (2014). This could
have resulted from the difference in the location where the legume
was gotten from or due to variation in soil types in which the seed
was cultivated. However, Apata and Ologhobo (1990) reported a
higher ash and protein content in the raw seeds of African yam
bean. It may be that the roasting process could have reduced the
intact protein concentration in the seeds. Similarly, due to the low
fat and relatively high crude fiber of the PROSS diet, it would be
suitable for making meals for diabetic patients. The low moisture
content (6.15%) in PROSS implies that the food could have a longer
shelf life. This agrees with the submission of Abioye et al. (2015),
which reported low moisture content in PROSS, and opined it was
indicative of high storability and durability because high moisture
content in grains (of about 14.5%) results in mold, bacteria, and
insects infestation, which deteriorate agricultural produce during
storage, as opposed to low moisture content grains, which are more
stable during storage.

Table 1. Proximate composition of PROSS

Nutrient Percentage (%)
Fats 2.80+0.02
Ash 2.56 +0.03
Moisture 6.15+0.01
Protein 19.45+0.04
Crude fibre 3.66+0.01
Carbohydrate 65.40 + 0.06
Total 100.00 + 0.00

Energy value = 379.24 Kcal, n =3
3.2. Acute toxicity of PROSS

Results of the acute toxicity study of the PROSS diet (Table 2)
showed that the diet did not cause any lethal effect on mice at
doses up to 5000 mg/kg b.w. (p.o.). Our result aligns with previous
reports by Christopher et al. (2013) and Michael et al. (2018), which
recorded that the plant seed extract did not cause any form of
toxicity nor alterations in behaviors in experimental subjects up to a
concentration of 5000 mg/kg b.w.

Table 2. Acute toxicity study of PROSS

Treatments (mg/kg b.w (p.o.) PROSS
10

100

1000

1600

2900

5000

No. of animals used No. of death

W wwwww
O O o ooo

n = 3; p.o. = per oral administration; b.w. = body weight
3.3. Effect of PROSS on organ weight

Furthermore, administration of various dietary formulations of
PROSS did not have any effect on the liver and kidney organ weight
(p > 0.05) of rats in the test groups compared to the control group
(as shown in Table 3). These thus, suggest that the consumption of
the seed as food is safe and healthy. It has been documented that
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alteration in the absolute or relative weight of vital organs after the
administration of a pharmacological agent or food is indicative of
the lethality of the substance (Orisakwe et al., 2004).

Table 4. Effect of PROSS diet formulations on serum electrolyte level
in Wistar rats

Groups (treatments) K* (mEq/I) Na* (mEq/1)
Table 3. Effect of PROSS diet formulations on the organ weight in Group 1 (Normal control)  3.13£0.02° 121.25+0.91°
X Group 2 (10% PROSS) 3.11+£0.082 107.29 + 1.562
Wistar rats Group 3 (20% PROSS) 3.00+0.072 11452+ 1.33°
Group 4 (30% PROSS) 3.05+0.03° 126.33 + 6.26°
Groups (treatments) Liver weight (g) Kidney weight (g) Group 5 (40% PROSS) 3.12+0.02° 123.38 +1.68¢
Group 1 (Normal control) 4,67 +0.31° 1.03+0.152 Results are presented as mean * standard deviation (SD) (n = 4). Values in each column
Group 2 (10% PROSS) 5.00+0.572 1.08 £0.132 with different small-case alphabetic subscripts vary significantly (p < 0.05) and increase
Group 3 (20% PROSS) 5.15 + 0.592 1.23+0.052 in alphabetic chronology (the lowest alphabet being ‘a’).
Group 4 (30% PROSS) 5.53+0.48° 1.13+0.17
Group 5 (40% PROSS) 5.58 +0.10° 1.05+0.132

Results are presented as mean + standard deviation (SD) (n = 4). Values in each column
with different small-case alphabetic subscripts vary significantly (p < 0.05) and increase
in alphabetic chronology (the lowest alphabet being ‘a’).

3.4. Effect of PROSS on electrolyte levels

Results (as presented in Table 4) showed that administration of
PROSS improved serum electrolyte levels in a dose-dependent
manner. Groups administered 10% and 20% PROSS showed de-
creased sodium levels (p < 0.05), while groups administered higher
doses of PROSS showed increased sodium levels (p < 0.05) com-
pared to control. On the other hand, the chloride level increased
significantly, with an increase in doses of PROSS (p < 0.05), while the
serum potassium level was unchanged. Sodium is an electrolyte
essential for regulating water levels in the body. It helps to maintain
blood volume, nerve function, and muscular activities (Minegishi et
al., 2020). Homeostatic regulation of sodium concentration in body
fluids and its compartmentalization is pivotal for normal brain func-
tion, neuromuscular coordination, cell-to-cell communication, and
other electrical signal transduction (Noda & Matsuda, 2022). Altera-
tions in sodium levels in body fluid (too little or too much) could
result in cellular dysfunction and several fatalities (Veniamakis et al.,
2022). It has been found that high sodium in the body fluid can lead
to hypertension (Grillo et al., 2019). Studies have expounded on the
need for a reduction in dietary sodium, as it helps to ameliorate
blood pressure, decrease the incidence of hypertension, and reduce
the morbidity and mortality associated with cardiovascular diseases
(He et al., 2013). Hence, a diet that can decrease serum sodium
levels will be of great importance for hypertensive patients. The
result from the study showed that moderate consumption of the
PROSS diet could help to maintain normal serum levels. Similarly, a
non-significant decrease in serum potassium level was also observed
across the treatment groups, compared to normal control. Potassi-
um also plays a key role in maintaining normal blood pressure
(Houston & Harper, 2008). Dietary potassium consumption corre-
lates inversely to the incidence of hypertension and mortality asso-
ciated with cardiovascular diseases (Aburto et al., 2013). However,
an imbalance of potassium and sodium can be detrimental as it
could further heighten the risk of high blood pressure, and even
cardiac and thrombotic diseases (Levings & Gunn, 2014). Our result
suggests that PROSS could help maintain potassium levels at per-
missible levels. The chloride level was increased significantly (p <
0.05) in a dose-dependent manner across the groups compared to
the control. This suggests that the PROSS diet is a good source of
chloride and its many health benefits. Chloride is pivotal for the
maintenance of proper acidity of body fluid, passively balancing out
positive ion concentrations in body tissues and organs. Similar to
sodium, most chloride is obtained from the diet. Hence, a decrease
in chloride intake could lead to dehydration (Popkin et al., 2010).
More so, a decrease in chloride level is also seen in volume deple-
tions and results in sodium and bicarbonate accumulation in extra-
cellular fluid, which elevates pH level leading to hypochloremia
metabolic alkalosis (Tinawi, 2021).

3.5. Effect of PROSS on kidney function indices

Our data (Table 5) also showed that urea levels decreased signifi-
cantly (p < 0.05) with an increase in the concentration of PROSS in
the diet. Conversely, a non-significant increase (p > 0.05) in creati-
nine level was observed across the groups.

Table 5. Effect of PROSS diet formulations on the kidney function
indices in Wistar rats

Groups (treatments) Urea(mg/dl) Creatinine (mg/dl)
Group 1 (Normal control) 17.26 +0.31¢ 1.16+0.142
Group 2 (10% PROSS) 15.54 £ 0.62¢ 1.27+£0.182
Group 3 (20% PROSS) 14.89 + 1.00¢ 1.32+0.072
Group 4 (30% PROSS) 10.44 + 0.66° 1.29+0.192
Group 5 (40% PROSS) 9.98 £ 0.62? 1.29+0.20°

Results are presented as mean * standard deviation (SD) (n = 4). Values in each column
with different small-case alphabetic subscripts vary significantly (p < 0.05) and increase
in alphabetic chronology (the lowest alphabet being ‘a’).

Serum urea and creatinine levels are commonly used to assess
kidney function. Our data agree with the proposition of Eneh et al.
(2016), which reported that African yam bean reduced serum uric
acid levels and proposed its potential to treat gout by mopping up
urate crystals. Creatinine and urea are nitrogen-containing end-
products of cellular metabolism. Creatinine results from the break-
down of muscle creatine, while urea being the end-product of die-
tary protein catabolism and tissue protein turnover is synthesized in
the liver via the deamination of amino acids and the participation of
the five enzymatically controlled steps of the urea cycle (Shambaugh
[, 1977). Studies have shown that serum urea levels could be al-
tered by diets as well as non-kidney disorders (Kramer, 2019). A rise
in serum urea level is generally indicative of nephropathy particular-
ly glomerular dysfunction (Rosner & Bolton, 2006). The ability of
PROSS diet formulations to decrease serum urea levels suggests that
the diet supplemented possesses an ameliorative effect on kidney
function; hence its consumption should be encouraged. These sug-
gest that the consumption of PROSS is safe and healthy for kidney
function. In addition, serum total protein level did not differ signifi-
cantly (p > 0.05) across the treatment groups compared to normal
control. Total serum protein represents the various plasma proteins
found in the blood except for fibrinogen and clotting factors (Smith
et al., 2013). Plasma proteins, including albumin and globulin, play
several key roles at physiological levels. For instance, albumin main-
tains the osmolarity of the blood and prevents leakage of fluids out
of blood vessels or from the tissues into the blood. On the other
hand, globulin proteins play roles in immune response (der
Sarkissian, 2017). However, pathologic conditions, such as inflam-
mation or infections, such as bone marrow disorders, HIV, and viral
hepatitis B or C are accompanied by elevated levels of total protein
in the serum, which help in their diagnosis (Soeters et al., 2019). A
low level of total protein in serum could indicate liver disorder,
malnutrition, and kidney dysfunction (Hebert et al., 2013). Low total
protein can also lead to hypoproteinemia, a condition where the
total protein level in the blood is critically low. It is evident from the
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result of the study that consumption of the PROSS diet will not be
harmful to the kidneys but rather proffer both nutritional and me-
dicinal effects on vital organ function.

3.6. Effect of PROSS on hematological indices

Furthermore, the result (as presented in Table 6) showed significant
improvement in hematological indices (RBC, WBC, Hb, Ht) across the
treatment groups (p < 0.05), suggesting that the consumption of
PROSS could boost blood parameters and perhaps manage anemic
patients. Assessment of hematological indices helps in screening the
health status of animals. Laboratory screening of anemia is usually
done by evaluating the levels of red cells, Hb, Ht, and white blood
cells. Red blood cells play several physiological roles, including the
transport of gases in and out of the lungs (CO; and O, respectively)
to the body tissues and regulating circulatory acid/base equilibria.

The ability of PROSS to ameliorate the levels of RBC and Hb in the
experimental animals implies its anti-anemic potential. From the
result, an increase in Ht was accompanied by a corresponding in-
crease in RBC counts and Hb concentration. The significant elevated
WBC level observed in the study (p < 0.05) could be due to a change
in hepatic portal composition that accompanied dietary treatments
as the body responds to exogenous substances. White blood cells
help to defend the body against infection (Tamang et al., 2022). Our
result aligns with the work of Christopher et al. (2013), which re-
ported a significant improvement in RBC, Hb, and Ht in anemic
animals treated with the PROSS diet (p < 0.05). In the same vein,
Ajayi et al. (2009) reported that S. stenorcarpa seeds are rich in iron,
an essential mineral for the synthesis of hemoglobin. Similarly,
Nwaoguikpe (2008) highlighted that S. stenorcarpa exhibited anti-
sickling activity on sickled hemoglobin.

Table 6. Effect of PROSS diet formulations on hematological indices in Wistar rats

Groups (treatments) RBC(108/mm?3) WBC (103/mm?3) Hb (g/dl) Ht (%)

Group 1 (Normal control) 8.11 + 0.08? 5.25+1.022 9.58 +£0.182 33.00+1.632
Group 2 (10% PROSS) 8.27 + 0.473b 6.23 + 1.70b¢ 10.14 £ 0.02b 37.50+1.29°
Group 3 (20% PROSS) 8.56 + 0.04¢ 6.58 + 1.71° 10.25 +0.02° 39.00 +0.81°
Group 4 (30% PROSS) 8.64 + 0.03b¢ 6.65 + 1.29b¢ 10.21+0.12° 39.25 +0.95P
Group 5 (40% PROSS) 8.67 + 0.35b¢ 6.89 + 1.54¢ 10.49 £ 0.07¢ 41.00 £ 0.81¢

Results are presented as mean * standard deviation (SD) (n = 4). Values in each column with different small-case alphabetic subscripts vary significantly (p < 0.05) and increase in

alphabetic chronology (the lowest alphabet being ‘@’).
3.7. Effect of PROSS on liver marker enzymes

Cytosolic enzymes of hepatocytes could leak into the circulation
when hepatic cell membranes are damaged. Conventionally, serum
levels of these liver function marker enzymes (ALP, ALT, and AST)
are employed to screen and measure alterations in liver function,
changes in hepatocyte integrity, and the severity of liver organ
injury (Andrade et al., 2019). Elevated levels of these enzymes often
indicate inflammation or damage to hepatocytes (Kalas et al., 2021).
Our data (as shown in Table 7) revealed that PROSS diet formula-
tions effectively decreased the activity of liver function marker
enzymes (ALP, ALT, and AST) in the serum of animals across the test

groups (p < 0.05). These suggest the ameliorative potential of PROSS
diet formulations (10 - 40% PROSS) on liver organ integrity and
function. Our result agrees with the submission of Ukairo et al.
(2017), which highlighted the hepatoprotective and anti-fibrotic
potential of boiled S. stenocarpa seeds against CCls-induced liver
damage in rats. Conversely, Ojuederie et al. (2020) reported that
50% and 100% of unprocessed African yam bean seed flour meal
resulted in increased AST and ALT activity indicative of liver and
kidney damage. This, therefore, highlights the intricacy of pro-
cessing (roasting or boiling) the plant seed before consumption as
well as the dosage, as higher doses may not be healthy.

Table 7. Effect of PROSS diet formulations on liver function marker indices in Wistar rats

Groups (treatments) ALP (1U/1) AST (U/1) ALT (U/1)
Group 1 (Normal control) 53.63 +0.25¢ 10.79 +0.28¢ 10.06 +£0.28¢
Group 2 (10% PROSS) 45.78 +0.67° 9.54 +0.74° 9.67 £ 0.74¢
Group 3 (20% PROSS) 44.44 +0.78° 9.08 +0.32° 8.96 + 1.34b
Group 4 (30% PROSS) 40.98 £ 0.342 9.00 + 0.63° 8.59 +0.882
Group 5 (40% PROSS) 40.42 +0.382 8.33+0.412 8.06 +1.212

Results are presented as mean * standard deviation (SD) (n = 4). Values in each column with different small-case alphabetic subscripts vary significantly (p < 0.05) and increase in

alphabetic chronology (the lowest alphabet being ‘a’).
3.8. Effect of PROSS on liver antioxidant status

Liver antioxidant enzymes are the primary enzymatic antioxidant
system that acts by neutralizing toxic oxidative radicals and hinder-
ing their oxidative attack on biomolecules (Mehta & Gowder, 2015).
There is growing evidence of the nutritional and health importance
associated with these first-line defense antioxidant enzymes and the
inverse correlation they share with free radicals (lghodaro &
Akinloye, 2018). The result (as presented in Table 8) showed that
the administration of PROSS diet formulation significantly increased
the activity of liver antioxidant enzymes (catalase, superoxide dis-
mutase, and glutathione peroxidase) across the test groups (p <
0.05) compared to control. Hence, suggesting the antioxidant effect
of the PROSS diet and its potency to protect against oxidative stress
and disease pathologies. On the contrary, in addition, the MDA level
significantly decreased in test groups (p < 0.05) compared to the

control. These further suggest the potential of PROSS diets to fortify
the redox status of the liver and prevent lipid peroxidation and
oxidative stress-related diseases. The assessment of lipid peroxida-
tion is usually performed by analyzing secondary oxidation products
such as malondialdehyde (MDA). The level of MDA in a sample
correlates directly with the level of lipid peroxidation and has been
widely used to measure the extent of oxidative deterioration of
lipids in biological and food systems (Ayala et al., 2014; Ito et al.,
2019).

3.9. Effect of PROSS on serum lipid profile

Furthermore, it was observed from the result (as presented in Table
9) that animals administered various doses of PROSS diet formula-
tion showed a significant increase in the HDL level (p < 0.05) and a
decrease in the serum levels of TAG, LDL, and VLDL (p < 0.05). In
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addition, the TChol level was also increased across the treatment
groups, but this was not significantly different compared to the
control (p > 0.05). Clinically, the determination of serum lipid profile
helps in the detection, diagnosis, and treatment of metabolic dis-
eases. The LDL-cholesterol is often referred to as “bad” cholesterol
because its elevated levels in the blood increase the risk of vascular
and heart diseases due to heightened cholesterol deposition and
plaque formation in the arterial walls. Several reports on the poten-
tial of legumes to decrease LDL cholesterol in animals have been
documented (Amoah et al., 2023; Angeles et al., 2021). On the other
hand, HDL-cholesterol is usually termed good cholesterol due to its
propensity to harness the transport of arterial and tissue cholesterol

to the liver for the biosynthesis of essential metabolites (Kjeldsen et
al., 2021). Individuals with higher levels of HDL tend to have a low
risk of cardiovascular diseases, while those with low levels have an
increased risk of heart disease (Liu et al., 2022). HDL-cholesterol is
protective against atherosclerosis; a high level of HDL is an indica-
tion of a healthy metabolic system (Nagao et al., 2018). A direct
correlation exists between higher levels of HDL and improved cardi-
ovascular health (Bardagjy & Steinberg, 2019). Hence, it could be
inferred that PROSS seed possesses a protective effect against car-
diovascular-related diseases.

Table 8. Effect of PROSS diet formulations on liver antioxidant enzymes and lipid peroxidation status in Wistar rats

Groups (treatments) CAT (U/ml) SOD (1U/1) GPX (U/1) MDA (mg/dl)
Group 1 (Normal control) 0.42 +£0.052 1.12+0.012 6.09 + 0.362 4.94 +0.09¢
Group 2 (10% PROSS) 0.74 +0.03¢ 1.14 +0.01° 6.44 £ 0.76° 4.25+0.07°
Group 3 (20% PROSS) 0.64 + 0.09° 1.17 +£0.01¢ 6.83 + 0.94¢ 4.15 +0.032°
Group 4 (30% PROSS) 0.62 £ 0.01° 1.15+0.01° 7.74 +0.72¢ 4.05 +0.02®
Group 5 (40% PROSS) 0.78 £ 0.03¢ 1.21+0.00¢ 7.38 + 0.359 4.11+0.352

Results are presented as mean * standard deviation (SD) (n = 4). Values in each column with different small-case alphabetic subscripts vary significantly (p < 0.05) and increase in
alphabetic chronology (the lowest alphabet being “a’). CAT: Catalase, SOD: Superoxide dismutase, GPx: Glutathione peroxidase, MDA: Malondialdehyde

Table 9. Effect of PROSS diet formulations on serum lipid profile in Wistar rats

Groups (treatments) Tchol (mg/dl) TAG (mg/dl) HDL (mg/dl) LDL (mg/dl) VLDL (mg/dl)
Group 1 (Normal control) 2.94 +0.082 1.75+0.03¢ 1.10 + 0.09° 1.69 + 0.09¢ 0.45 +0.01¢
Group 2 (10% PROSS) 2.90 +0.082 1.38+0.02° 1.25+0.04° 1.41+0.06° 0.24 £ 0.002
Group 3 (20% PROSS) 2.80+£0.042 1.41+0.07° 1.32+0.02° 1.19+£0.06% 0.28 £0.012
Group 4 (30% PROSS) 3.03+0.03? 1.43 +0.05° 1.42 +0.01¢ 1.45+0.05° 0.32+0.01°
Group 5 (40% PROSS) 3.01+0.072 1.29+0.042 1.45+0.02¢ 1.45+0.07° 0.38 +0.01°

Results are presented as mean * standard deviation (SD) (n = 4). Values in each column with different small-case alphabetic subscripts vary significantly (p < 0.05) and increase in

alphabetic chronology (the lowest alphabet being ‘a’).

Figure 1. Microscopic representation of the liver and kidney {H&E X160}. Mag: x100.

A) Microscopic representation of the liver of the control rats. Normal liver with hepatic vein (HV), bile ducts (B), and central vein (B). B) Microscopic representation of the liver of rats
fed on a 20% PROSS diet showing hepatic vein (HV), bile ducts (B), and hepatic artery (HA). C) Microscopic representation of the liver of a rat fed on a 40% PROSS diet showing
hepatic vein (HV), bile ducts (B), and central vein (C). D) Microscopic representation of the kidney of a rat of the control group. E) Microscopic representation of the kidney of a rat
fed on a 20% PROSS diet. F) Microscopic representation of kidney of rat fed on 40% PROSS

3.10. Effect of PROSS on liver and kidney histology

Results of histological studies of the sections of the liver and kidney
randomly collected from animals in groups |, lll, and V showed nor-
mal hepatic histomorphology (Figure 1A-C). Numerous normal he-

patic lobules, containing normal hepatocytes arranged in radiating
interconnecting cords around the central veins, with the hepatic
cords being separated by normal-sized sinusoidal spaces were ob-
served. Normal structures of the portal triads (hepatic vein, hepatic
artery, and bile ducts) were also observed. This suggests that the

21



Chiaka-Onyemeze et al.

International Journal of Plant Based Pharmaceuticals, 2025, 5(1), 16-24

African yam bean seed does not pose any toxic effect on liver his-
tomorphology. In addition, sections of the kidney collected from the
animals in groups |, lll, and V showed normal renal histomorphology
of animals (Figure 1D-F). Normal glomeruli (G) in normal Bowman’s
capsules (white arrow) were observed. The glomeruli were sur-
rounded by a sea of normal renal tubules (proximal convoluted
tubules, pars recta, distal convoluted tubules, and collecting ducts)
both in the cortex and the medulla. The renal interstitium was nor-
mal and consisted of thin connective tissues and blood vessels. Our
data suggest that the PROSS does not pose any toxic effect on liver
histomorphology at the assayed dosages. However, Ojuederie et al.
(2020) reported that 50% and 100% raw seed meal of African yam
bean seed floor posed mild to severe portal and cortical congestions
and necrotic damage on liver and kidney tissues examined in Wistar
rats. In line with their findings, it could be reasoned that the seed is
not entirely innocuous when consumed unprocessed. Furthermore,
while several health benefits are reported of the plant seed, it will
be noteworthy to opine that the dosage should be considered care-
fully.

4. Conclusions

AYB is a very nutritious food with a high level of protein. The AYB
meal has low caloric value and is highly recommended for people
seeking weight loss. Roasted AYB could represent a healthy food
that could reduce the risk of cardiovascular diseases due to its low
fat content. In addition, a diet supplemented with roasted AYB diet
could also reduce serum sodium levels and, hence, could be used to
manage patients suffering from hypertension and diabetes. Howev-
er, the low-fat content of roasted AYB limits its use for commercial
oil production. Our result showed that moderate consumption of
roasted African yam beans should be recommended for patients
suffering from hypertension and renal dysfunction and would not
affect the kidney and liver organs negatively. Our study afforded
valuable insights into the short-term effects of PROSS consumption,
demonstrating its potential to enhance antioxidant activity, lipid
profiles, and hematological indices while supporting hepatic and
renal health. However, the dose-dependent variations in electrolyte
balance, particularly sodium and chloride levels, highlight the need
for careful dietary recommendations, especially for individuals with
hypertension or renal dysfunction. Long-term consumption of
PROSS could have cumulative effects, including potential risks such
as electrolyte imbalances, hepatotoxicity, or excessive hematopoiet-
ic stimulation, warranting further investigation. Future research to
assess the effects of prolonged PROSS consumption on organ health
in animal models with induced hypertension, diabetes, or renal
impairment is warranted.
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