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The effects of ethanolic extract of Lepidium meyenii on some biochemical parameters
were investigated with the purpose of in vivo safety evaluation of the extract. Forty
male Wistar rats were grouped into five groups of eight animals each. Group A served
as the control and received distilled water throughout the period of administration
while groups B, C, D, and E received 25, 50, 75, and 100 mg/kg body weight of eth-
anolic extract of L. meyenii respectively for seven and fourteen days. After seven days
of the administration, four animals from each of the groups were sacrificed and the
rest were sacrificed after fourteen days, and biochemical alterations were monitored.
The effects after the seven-day administration revealed that there was no significant
(p > 0.05) difference in organ-body weight percentage, liver functional indices, kidney
functional indices and the activity of some cytosolic and membrane-bound enzymes
studied but following the fourteen-day administration, a significant difference (p <
0.05) were observed with increase in organ-body weight percentage of selected or-
gans, increase in serum activity of the enzymes: ALT, AST, ALP; and aberrant vari-
ation in the kidney functional indices studied at the 50, 75 and 100 mg/kg body weight
showing selective toxicity of the extract. Inconclusive results were obtained in the
analysis of the seminal parameters for both the seven- and fourteen-day administration
while similar effects on hematological parameters were observed for both the seven-
and fourteen-day administration. This study showed that the extract may be hepato-
toxic and nephrotoxic when administered beyond seven days in male Wistar rats es-
pecially at 100 mg/kg body weight.
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Introduction

Traditional medicine is fundamentally based
on health knowledge and beliefs about herbs, spir-
itual remedies, manual techniques, and exercises
in order to maintain well-being and handle or pre-
vent diseases [4, 7]. A medicinal plant is a plant
that is used to maintain good health, to be admin-
istered for a specific condition, or both, whether in
modern medicine or traditional medicine [34, 3].
Medicinal edible plants and plant-derived foods
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have nutritional and therapeutic benefits due to the
synthesis of bioactive compounds, which are re-
sponsible for pharmacological activities and nutri-
tional value [9, 11]. Extracts from plants have
been reported to have a wide range of biological
activities, which include antioxidant [24], anti-in-
flammatory and antimicrobial [16], cytotoxic [27,
19], and immunomodulatory activities [31]. De-
spite the profound therapeutic advantages posses-
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sed by some of the plants, some constituents of
medicinal plants have been shown to be poten-
tially toxic, carcinogenic and teratogenic [29].
Plants in folk medicine should therefore, be eval-
uated for safety or toxicity and necessary recom-
mendations made on their use.

Lepidium meyenii commonly known as maca,
is a species indigenous to the Central Andes of
Peru as well as Nigeria which has been cultivated
traditionally as a food crop and for its medicinal
properties. Maca has a rosette of frilly leaves of
12-20 leaves like in radish and grows in the harsh
climate of Central Andes in Peru, where there are
strong winds and the highest temperature is 12°C
[26, 6]. L. meyenii is called Isu baka in yoruba lan-
guage in Nigeria. Maca is the only domesticated
Brassicaceae cultivated for food in the Andes [20].
Maca has been advertised as a ‘superfood’ and as
the ‘Peruvian Viagra’ and the ‘Peruvian Ginseng’
referring to the attributed health claims of increas-
ing vitality and longevity, enhancing fertility and
libido and alleviating menopausal symptoms in
women [22, 32, 10].

A wide range of studies on maca, both clinical
trials and in vivo and in vitro assays, have been
carried out over the years to examine these health
claims [8]. However, there are few reports on the
biochemical alterations of these plants in litera-
ture. With the alleged biological properties of L.
meyenii, its toxicity should be examined. This
study was conducted to investigate the biochemi-
cal alterations that are likely to be experienced fol-
lowing exposure to an ethanolic extract of L. mey-
enii.

Material and Methods
Plant material and authentication

Fresh L. meyenii roots were purchased from an
herb seller in Oje market in Ibadan, Oyo State. It
was authenticated at the Herbarium unit, Depart-
ment of Plant Biology, Faculty of Life Sciences,
University of Ilorin where a voucher number:
UIL/001/1352, was given.

Experimental animals

Forty male Wistar rats (Rattus novergicus)
weighing between 128 and 179 g, were obtained
from the animal house unit, Department of Bio-
chemistry, University of Ilorin, Ilorin, Kwara Sta-
te. The rats were housed in clean polypropylene
cages placed in well-ventilated housing conditions
under humid tropical conditions. They were main-

tained on Vital Finisher Feed (Grand Cereals Ltd,
Plateau, Nigeria) and tap water ad libitum. All the
animals received humane care according to the cri-
teria outlined in the ‘Guide for the Care and Use
of Laboratory Animals prepared by the National
Academy of Science and published by the Na-
tional Institute of Health [33].

Assay kits and chemical reagents

The assay kits for Alanine Aminotransferase
(ALT), Aspartate Aminotransferase (AST), Alka-
line Phosphatase (ALP), Gamma Glutamyl trans-
ferase (GGT) are products of Randox Laboratories
Ltd. Ardmore, Diamond Road, Crumlin, County
Antrim. All other reagents used in addition to
those used in the determination of protein concen-
tration were of analytical grade and were prepared
in glass apparatus using distilled water and suita-
ble solvents.

Preparation of extract

The L. meyenii roots were carefully peeled,
washed, sliced into pieces, oven dried at 40 °C and
later milled into a fine powder before extraction.
Powdered plant material (300g) was extracted in
500 ml of ethanol for 48hours at room temperature
with frequent stirring. The extract was filtered
through a sieve, handkerchief and Whattman no. 1
filter paper before it was concentrated using a wa-
ter bath at 40 °C (DK-420, China). This was later
reconstituted in distilled water to give the required
doses of 25, 50,75 and 100 mg/kg respectively.

Grouping of experimental animals

The animals were weighed and grouped ac-
cording to their body weights into five groups of
eight rats each. Group A (Control) received orally,
0.6 ml of distilled water for seven and fourteen
days while Groups B, C, D and E were treated like
the control except they received 25, 50 75 and 100
mg/kg body weight of the plant extract. The ex-
tract and distilled water were administered daily
between 0700 — 0730 h using plastic oropharyn-
geal cannula.

Preparation of serum

The method described by Yakubu et al. [40],
was adopted for the preparation of the serum.
Briefly, under ether anaesthesia, the neck area of
the rats was quickly shaved to expose the jugular
veins. The veins after being slightly displaced (to
avoid contamination with interstitial fluid) were
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cut with sterile blade and an aliquot of the blood
was collected into EDTA bottles for analysis of
haematological parameters. The remaining blood
samples collected in non- heparinized bottles were
allowed to clot for 10 minutes at room temperature
then centrifuged at 3000 rpm for 10 minutes using
a tabletop centrifuge (80-1, China) in order to sep-
arate the serum from the clotted blood. The serum
was separated into labelled bottles using a Paste-
ur’s pipette and used within 48 h of preparation for
the various biochemical assays. The liver, kidney
and heart were thereafter harvested from the ani-
mals and weighed for the determination of the or-
gan-body weight percentage before homogenized
to carry out biochemical analysis.

Determination of biochemical parameters

The method described by Ashafa et al. [5] was
adopted in the calculation of organ-body weight
percentage. Albumin, globulin, bilirubin (total and
direct), total protein, electrolytes such as sodium
ion, potassium ion and chloride ion, creatinine,
urea, alkaline phosphatase, creatine kinase,
gamma glutamyl transferase, alanine and aspartate
aminotransferases were determined in the serum
using assay kits from Randox Laboratories, Crum-
lin, County Antrim, Northern Ireland on Versa-
Max ELISA Microplate Reader, California, Uni-
ted States. The index of sperm motility and mor-
phology was evaluated using the method descry-
bed by Sonmez et al. [35] while the sperm count
was evaluated using the method described by
Verma et al. [38]. The SYSMEX-K21 (Japan) was
used for the determination of haematological pa-
rameters.

Statistical analysis
Data were expressed as the mean+ SEM of at

least two [2] determinations. Statistical analysis
was performed using One-way Analysis of Vari-
ance (ANOVA) and Duncan Multiple Range Test
(DMRT). The data were considered statistically
significant at P < 0.05.

Results and Discussion

Effects of oral exposure of the ethanolic extract
of L. meyenii on organ-body weight percentage
of male wistar rats

Following the seven-day administration, the
ethanolic extract induced a significant increase (p
< 0.05) in the organ-weight percentage of the heart
in the animals administered with 25 and 50 mg/kg
body weight of the extract when compared with
the control and other groups which showed no sig-
nificant variation as shown in Table 1. While after
the fourteen-day administration period, the etha-
nolic extract of L. meyenii induced a significant in-
crease on the organ-body weight percentage of the
liver in animals that were administered with 25
mg/kg body weight of the extract while a signifi-
cant decrease was observed in animals adminis-
tered with the 100 mg/kg body weight of the ex-
tract when compared with the control and the other
groups which were not significantly altered (Table
2). There was a significant decrease (p < 0.05) in
the percentage for the kidney in the group admin-
istered with the 100 mg/kg body weight of the ex-
tract when compared to the control and the other
groups. There was significant increase in the heart
of groups administered with the 25, 75, and 100
mg/kg body weight of the extract when compared
with the control.

Plants are widely used to treat diseases in non-
industrialized societies, not just because they are
cheaper than the modern medicinal counterparts
but also because they exhibit similar therapeutic

Table 1. Effects of seven days oral exposure of the ethanolic extract of L. meyenii on organ-body weight per-

centage of male wistar rats

Percentage (%)

Doses (mg/kg body weight) Liver Kidney Heart

Control 2.86 £0.12° 0.62 +0.03° 0.39 £ 0.06
25 3.19+0.13" 0.60 + 0.02° 0.35 + 0.02°
50 3.02 + 0.03" 0.61 + 0.02° 0.35+0.01°
75 3.12+0.18° 0.62 £+ 0.02° 0.32 £ 0.03
100 3.10 £ 0.15° 0.67 £ 0.05° 0.32 £0.01°

Values are mean of 4 replicates + SEM, data carrying different superscripts for each parameter are
significantly (P < 0.05) different
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Table 2. Effects of fourteen days oral exposure of the ethanolic extract of L. meyenii on organ-body weight

percentage of male wistar rats

Percentage (%)

Doses (mg/kg body weight) Liver Kidney Heart

Control 3.07 + 0.24° 0.59 £ 0.01° 0.27 £ 0.02°
25 3.52 +0.12° 0.59 £ 0.03° 0.34 +0.03"
50 3.14+0.27° 0.60 £ 0.02° 0.30 £ 0.01°
75 3.29 + 0.06° 0.63 £ 0.03° 0.32 + 0.02°
100 2.84 £ 0.00¢ 0.50 + 0.00° 0.32 + 0.00°

Values are mean of 4 replicates £ SEM, data carrying different superscripts for each parameter are

significantly (P < 0.05) different

effects [15]. Herbal medicine is used by up to 80
% of the population in developing countries [13].
Despite the widespread use, few scientific studies
have been undertaken to ascertain the safety and
efficacy of traditional remedies [13].

In this study, the extract did not significantly
alter the organ-body weight percentages of the
liver and kidney. The phenolic compounds present
in the ethanolic extract of L. meyenii which have
anti-inflammatory properties [37] are likely to be
related to lack of increase in organ-body weight
percentages observed in the experimental animals.

Effects of oral exposure of the ethanolic extract
of L. meyenii on haematological indices of male
wistar rats

After seven days, the ethanolic extract of L.
meyenii induced a significant increase (p < 0.05)
in the amount of white blood cells (WBC) and red
blood cells (RBC) in the animals administered
with 75 and 100 mg/kg body weight of the extract

while the other groups had no significant variation
when compared to the control (Table 3). The ex-
tract induced significant increase (p < 0.05) in the
concentration of haemoglobin (HGB), mean cor-
puscular haemoglobin (MCH) and mean corpus-
cular hemoglobin concentration (MCHC) in the
animals administered with 50, 75 and 100 mg/kg
body weight of the ethanolic extract while the 25
mg/kg test group showed no significant variation
when compared with the control. Significant in-
crease (p < 0.05) in the haematocrit (HCT) was
observed in all the test groups when compared to
the control. The mean corpuscular volume (MCV)
increased significantly (p < 0.05) in the 50 and 75
mg/kg body weight test groups. The platelet (PLT)
count of the animals administered with the 25
mg/kg body weight of the ethanolic extract was
significantly decreased (p < 0.05) when compared
with the control and other groups. The amount of
lymphocytes (LYM) was observed to have re-
duced significantly (p < 0.05) in the 50 mg/kg

Table 3. Effects of seven days oral exposure of the ethanolic extract of L.meyenii on haematological indices of

male wistar rats

Parameters Control 25 mg/kg bwt 50 mg/kg bwt 75 mg/kg bwt 100 mg/kg bwt
WBC(x10%uL)  9.35+0.85°  10.50 £2.50° 11.35+ 145  13.25+0.85°  14.40 + 2.90
RBC(x10°L) 739+0.04°  7.25+025  7.37+0.09°  8.08+061°  7.59+0.14°
HGB(g/dl) 11.20+0.00° 11.40+0.30° 12.35+0.05° 13.10+0.60°  12.45+ 0.35
HCT(%) 37.50 + 0.10°  38.40 + 0.10°  40.10 + 0.90°  42.55+3.15°  39.75 + 0.65
MCV(fL) 50.75 + 0.45°  53.05+ 1.95%  54.40 + 0.90°  52.65+ 0.05°  52.40 + 1.80°
MCH (pg) 1515+ 0.05° 1575+095 16.75+0.15" 16.25+0.45"  16.45 + 0.75
MCHC(g/dl) 29.85+ 0.05°  29.70 + 0.70°  30.80 + 0.60°  30.85+ 0.85"  31.30 + 0,40V
N 802.00 + 685.50 + 770.50 + 805.50 + 795.00 +
PLT(x10"pL) 37.00° 43.50° 74,50 126.5° 23.00°
LYM(%) 96.15+0.75° 90.50 + 5.00°  89.10 + 0.00°  94.60 + 1.50°  96.90 + 0.00?

Values are mean of 4 replicates + SEM, data carrying different superscripts for each parameter are significantly

(P < 0.05) different

JTLS | Journal of Tropical Life Science

400 Volume 12 | Number 3 | September | 2022



HF Muritala, HA Oyewusi, TO Ogunlana, et al., 2022 / Evaluation of Biochemical Parameters of Ethanolic Extract of Lepidium meyenii

Table 4. Effects of fourteen days oral exposure of ethanolic extract of L. meyenii on haematological idices of
male wistar rats

Parameters Control 25 mg/kg bwt 50 mg/kg bwt 75 mg/kg bwt 100 mg/kg bwt
WBC (x10%pL)  10.65 + 1.65? 13.15+3.75° 12.60 +£2.10°  12.50 + 4.00° 11.00 + 0.00?
RBC (x10%°1L)  7.13 £0.37° 6.42 £ 0.40* 7.70 £ 0.01° 7.28 + 0.66° 7.06 + 0.00°
HGB (g/dl) 11.20 + 0.60° 9.70 £ 1.70* 12.20 £ 0.20>  12.45+0.75° 11.50 + 0.00?
HCT (%) 36.80 £ 2.70° 33.50 + 1.80° 40.15+ 1.25*  39.75 £ 3.45° 36.40 £ 0.00°
MCV (fL) 51.55+1.15% 52.25+0.45* 52.15+ 1.65*  54.65 + 0.15° 51.60 £ 0.00°
MCH (pg) 15.70 + 0.00° 15.00 + 1.70° 15.85+0.25*  17.15+0.55° 16.30 + 0.00°
MCHC (g/dl) 30.50 £ 0.60* 28.75 £ 3.55° 30.40 £ 0.40*  31.40 + 0.80° 31.60 + 0.00°
PLT (x10%pL) 632.50 + 104.50* 423.50 £ 112.50* 714.0 + 56.00* 611.50 + 11.50* 677.00 + 0.00?
LYM (%) 96.65 + 0.25° 77.25 + 2.25° 97.10 £ 0.00°  93.75 + 1.15¢ 96.90 + 0.00°

Values are mean of 4 replicates + SEM, data carrying different superscripts for each parameter are significantly

(P < 0.05) different

body weight test group as shown in Table 3.

Following the fourteen-day administration, the
ethanolic extract induced significant increase in
WBC and MCYV in the animals administered with
the 75 mg/kg body weight of the extract when
compared to the control group while there was no
significant variation in the other groups (Table 4).
Significant increase (p < 0.05) in RBC and HGB
was observed in the animals administered with the
50 mg/kg of the extract when compared to the con-
trol and the other groups which had no significant
difference. No significant variation was observed
in the HCT and PLT amounts of all test groups ad-
ministered with the ethanolic extract of L. meyenii
when compared to the control. The extract induced
a significant increase (p < 0.05) in MCH of ani-
mals administered with 75 and 100 mg/kg body
weight of the ethanolic extract when compared to
the control. A significant increase (p < 0.05) in the
MCHC was observed in the animals administered
100 mg/kg body weight of the extract when com-
pared with the control. The LYM count was sig-
nificantly decreased (p < 0.05) in the groups ad-
ministered with 25 and 75 mg/kg body weight of
the extract while there was a significant increase
in the group administered with 100 mg/kg body
weight of the extract when compared to the control
as shown in Table 4.

The increase in white blood cells by the extract
of L. meyenii at higher doses may indicate a boost
in the immune system [41]. Hence, at high concen-
trations it has the potential of inducing white blood
cell generation. The increase in red blood cell
count, haemoglobin concentration, haematocrit,
mean corpuscular volume, mean corpuscular hae-
moglobin and mean corpuscular haemoglobin

concentration might be indicative of the haemo-
protective potential of the extract due to the ob-
served potential ability of the extract to protect the
functional and structural integrity of haemoglobin
as well as stimulate bone marrow production of
red blood cells. The reduction in platelet counts in
rats administered with the 25mg/kg body weight
dose could be associated with thrombocytopenia
[1]. It can thus be inferred that at lower doses, the
ethanolic extract may not have marked effect on
the haematological parameters of experimental an-
imals, while higher doses of about 100 mg/kg
body weight increase some of the hematological
parameters of male Wistar rats, which agrees with
a study from Fei et al. [18] that extracts of L. mey-
enii plant increased some haematological parame-
ters of male rats.

Effects of oral exposure of the ethanolic extract
of L. meyenii on alanine aminotransferase (alt)
activity of male wistar rats

The ethanolic extract of L. meyenii induced no
significant (p > 0.05) differences in the specific ac-
tivity of alanine aminotransferase in the serum of
the animals treated with the 25, 50 and 75 mg/kg
body weight of the extract when compared with
the control, however, there was a significant de-
crease (p < 0.05) in the activity of ALT in the
100mg/kg body weight test group when compared
to the control and the other groups (Figure 1).
There were no significant variations (p > 0.05) in
the activity of ALT in the kidney and liver at all
doses when compared to the control.

The ethanolic extract of L. meyenii induced
significant increase (p < 0.05) in the activity of
ALT in the serum of the experimental animals
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Figure 1.  Specific Alanine Aminotransferase (ALT) activity in the serum and isolated organs of male Wistar
rats administered with the ethanolic extract of L. meyenii after seven days
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Figure 2.  Specific Alanine Aminotransferase (ALT) activity in the serum and isolated organs of male Wistar

rats administered with the ethanolic extract of L. meyenii after fourteen days
Note: Values are mean of 4 replicates + SEM, bars carrying different superscripts for each parameter are signif-

icantly (P < 0.05) different

administered the 25 and 75 mg/kg body weight of
the extract when compared to the control while
both the 50 mg/kg and 100 mg/kg body weight test
groups showed no variation (p > 0.05) against the
control (Figure 2). The activity in the kidney was
significantly increased in the 100 mg/kg body
weight test group alone, when compared to the
control while the 25, 50 and 75 mg/kg body weight
groups showed no significant variation when com-
pared with the control. In the liver, the extract in-
duced significant increase in the activity of ALT

in the 50, 75 and 100 mg/kg body weight test
groups when compared to the control while the 25
mg/kg body weight test grouped showed no signi-
ficant variation (p > 0.05) when compared to

the control as depicted in Figure 2.

The decrease in serum alanine aminotransfer-
ase (ALT) activity at the 100 mg/kg body weight
dose and no significant variation in activity in the
organs studied (liver and kidney) at all the doses
after a seven-day administration period implied
the extract did not cause cellular damage which

JTLS | Journal of Tropical Life Science

402 Volume 12 | Number 3 | September | 2022



HF Muritala, HA Oyewusi, TO Ogunlana, et al., 2022 / Evaluation of Biochemical Parameters of Ethanolic Extract of Lepidium meyenii

=
:’c’ aad = Control
;. 0 25mg/kg bw L. meyenii
-E i@ aa 1 50mg/kg bw L. meyenii
<
5 f. I 75mgl/kg bw L. meyenii
'é’ = 100 iI I 100mg/kg bw L. meyenii
s 2
= o
£ a "
e o
£E aj
E: S 50 a a a
@ e a a
*a —
=
]
&
;‘: aaaaa
o (aiml =]
g oA T
7] Serum Kidney Liver Heart
GROUPS
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rats administered with the ethanolic extract of L. meyenii after seven days
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Figure 4.  Specific Aspartate Aminotransferase (AST) activity in the serum and isolated organs of male Wistar
rats administered with the ethanolic extract of L. meyenii after fourteen days
Note:

significantly (P < 0.05) different

agrees with a study carried out by Gregory et al.
[21] where the observed activity of ALT in the se-
rum was seen to be lower than in the organs at nor-
mal physiological states.

After a fourteen-day administration period, in-
creased ALT activity in the kidney at the 100
mg/kg body weight dose and increased ALT activ-
ity in the liver at the 50, 75 and 100 mg/kg body
weight doses may be suggestive of the extract’s
potential in stimulating expression and synthesis
of ALT, thus possessing nephroprotective and

Values are mean of 4 replicates + SEM, bars carrying different superscripts for each parameter are

hepatoprotective properties, however, elevated se-
rum activity at the 25 and 75 mg/kg body weight
dose is suggestive of enzyme leakage due to cellu-
lar damage. The hepatoprotective properties of the
saponins and flavonoids present in the ethanolic
extract may have contributed to the observed ac-
tivity which is in line with reports by Qu et al. [30]
where saponins from Actinida valvata dun root re-
versed carbon tetrachloride-induced liver damage
in mice.
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Figure 5. Specific Alkaline Phosphatase (ALP) activity in the serum and isolated organs of male Wistar rats
administered with the ethanolic extract of Lepidium meyenii after seven days

Note:
significantly (P < 0.05) different

Effects of oral exposure of the ethanolic extract
of L. meyenii on aspartate aminotransferase (ast)
activity of male wistar rats

The ethanolic extract of L. meyenii induced no
significant variations (p > 0.05) in the activity of
aspartate aminotransferase in all test groups when
compared with the control in the serum, kidney
and heart (Figure 3). In the liver, the extract in-
duced significant increase (p < 0.05) in the activity
of AST in the 75 and 100 mg/kg body weight test
groups when compared to the control while the 25
and 50 mg/kg body weight test groups showed no
significant variations against the control as de-
picted in Figure 3.

The ethanolic extract of L. meyenii induced no
significant variation in the serum activity of AST
in the 25 mg/kg test group however, the 50, 75 and
100 mg/kg body weight test groups showed statis-
tical increases (p < 0.05) when compared to the
control (Figure 4). The activity of AST in the kid-
ney showed no significant variation (p > 0.05)
when compared to the control at all doses. The ex-
tract induced significant increase in the activity in
all doses when compared to the control in the liver
and heart in a somewhat similar manner as shown
in Figure 4.

No variations in the activity of aspartate ami-

Values are mean of 4 replicates + SEM, bars carrying different superscripts for each parameter are

notransferase in the serum, kidney and heart but
increase in activity in the liver at the 75 and 100
mg/kg body weight dose after a seven-day admin-
istration period further supports the observed
findings of the hepatoprotective potential of the
ethanolic extract of L. meyenii. The increased ac-
tivity of AST in the serum at the 50, 75 and 100
mg/kg body weight doses after a fourteen-day ad-
ministration period implied cellular damage to the
plasma membrane of the rats’ organs. Such tissue
damage also suggests that the extract is not com-
pletely safe at doses higher than 25 mg/kg

body weight. Therefore, it can be inferred that at
elevated doses and prolonged oral use of the etha-
nolic extract of L. meyenii may pose a threat to
good health.

Effects of oral exposure of the ethanolic extract
of L. meyenii on alkaline phosphatase (alp) ac-
tivity of male wistar rats

The ethanolic extract of L. meyenii induced no
significant variation (p > 0.05) on the serum activ-
ity of alkaline phosphatase when compared with
the control in all but the 50 mg/kg body weight test
group where there was a significant increase (p <
0.05) when compared to the control (Figure 5).
The extract induced no significant variations (p >
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Figure 6.  Specific Alkaline Phosphatase (ALP) activity in the serum and isolated organs of male Wistar rats
administered with the ethanolic extract of L. meyenii after fourteen days
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Figure 7. Specific Gamma Glutamyltransferase (GGT) activity in the serum and isolated organs of male Wistar
rats administered with the ethanolic extract of L. meyenii after seven days
Note:  Values are mean of 4 replicates + SEM, bars carrying different superscripts for each parameter are
significantly (P < 0.05) different

0.05) in the activity of ALP in the liver and kidney  significant variation (p > 0.05) in the experimental
of the experimental animals at all doses when animals administered with the ethanolic extract of
compared to the control as shown in Figure 5. L. meyenii at all doses when compared to the con-

The activity of ALP in the serum showed no trol (Figure 6). The activity in the kidney was
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significantly decreased (p < 0.05) in the 25, 50 and
75 mg/kg body weight test groups when compared
to the control while the activity of ALP in the kid-
ney of animals administered the 100 mg/kg body
weight of the extract showed no significant varia-
tion. The activity of ALP in the liver increased sig-
nificantly (p < 0.05) in the groups administered the
75 and 100 mg/kg body weight of the extract when
compared to the control while the 25 and 50 mg/kg
body weight test groups showed no significant
variation when compared to the control (Figure 6).

After the fourteen-day administration period,
no variation in alkaline phosphatase activity was
observed when compared to the control in the se-
rum but a significant decrease was observed in the
kidney at the 25, 50 and 75 mg/kg body weight
groups which may be attributed to the extract im-
pairing or preventing the synthesis or expression
of the enzyme. An increase in activity was ob-
served in the liver at the 75 and 100 mg/kg body
weight which may be due to increased functional
activity of the liver probably leading to de novo
synthesis of enzyme molecules [40].

Effects of oral exposure of the ethanolic extract
of L. meyenii on gamma glutamyltransferase
(GGT) activity of male wistar rats

The ethanolic extract of L. meyenii induced no
significant variation (p > 0.05) on the serum

activity of gamma glutamyltransferase when com-
pared to the control (Figure 7). The activity of
GGT in

the kidney and liver showed significant increase in
the animals administered the 25, 50, 75 and 100
mg/kg body weight of the ethanolic extract when
compared to the control as depicted in Figure 7.

Figure 8 shows the activity of GGT in the se-
rum and kidney with no significant variation (p >
0.05) in the animals administered the 25, 50 and
75 mg/kg body weight of the ethanolic extract of
L. meyenii when compared to the control while the
100 mg/kg body weight test group showed signif-
icant increase (p < 0.05) in activity when com-
pared to the control. The activity of GGT in the
liver showed no significant variation (p > 0.05)
when compared to the control (Figure 8).

In this study, following the seven-day admin-
istration, no variation was observed in the serum
activity of GGT when compared to the control,
however, there was significant increase in activity
of the enzyme in the liver and kidney. The activity
of the GGT was however elevated in the serum af-
ter a fourteen-day administration at the 100 mg/kg
body weight group when compared with the con-
trol, a similar increase was observed in the kidney,
but no variation was seen in the liver. It can thus
be assumed that at higher doses, the potential of
toxicity of the extract increases.
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Figure 8. Specific Gamma Glutamyltransferase(GGT) activity in the serum and isolated organs of male Wistar
rats administered with the ethanolic extract of L. meyenii after fourteen days

Note:
significantly (P < 0.05) different

Values are mean of 4 replicates + SEM, bars carrying different superscripts for each parameter are
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Figure 9. Protein Concentrations in the serum and isolated organs of male Wistar rats administered with the
ethanolic extract of L. meyenii after seven days
Note:  Values are mean of 4 replicates + SEM, bars carrying different superscripts for each parameter are

significantly (P < 0.05) different

Effects of oral exposure of the ethanolic extract
of L. meyenii on protein concentrations of male
wistar rats

The ethanolic extract of L. meyenii induced no
significant variation (p > 0.05) in the serum and
heart protein concentrations of the animals admin-
istered the 25, 50 and 75 mg/kg body weight of the
extract when compared to the control while the
100 mg/kg body weight test group showed a sig-
nificant increase (p < 0.05) when compared to the
control (Figure 9). In the kidney, the protein con-
centration showed no significant variation in the
25 mg/kg body weight test group when compared
to the control, there was however a significant de-
crease (p < 0.05) in concentration of protein in the
group administered the 50 mg/kg body weight of
extract when compared to the control; both the 75
mg/kg and 100 mg/kg body weight test groups
showed significant increase (p < 0.05) in protein
concentration when compared to the control and
other groups (Figure 9). The protein concentration
in the liver showed no significant variation (p >
0.05) in all the test groups when compared with
the control.

Figure 10 shows the protein concentration in
the serum with significant decrease (p < 0.05)
when compared with the control in the test groups
administered the 50, 75 and 100 mg/kg body
weight of the ethanolic extract while the group

administered 25 mg/kg body weight of the extract
showed no significant variation (p > 0.05) when
compared with the control. In the kidney, there
was a significant increase (p < 0.05) observed in
100 mg/kg body weight test group when compared
with the control while the others showed no sig-
nificant variation (p > 0.05) when compared with
the control. The protein concentration in the liver
showed a significant decrease in the animals ad-
ministered 25, 50 and 75 mg/kg body weight of the
extract when compared to the control while an in-
crease was observed in the 100 mg/kg body weight
test group when compared to the control (Figure
10). In the heart, the concentrations showed signif-
icant increase in the 75 and 100 mg/kg body
weight test groups, with no significant difference
in the 25 and 50 mg/kg body weight test group as
shown in Figure 10.

In this study, the serum and heart protein con-
centrations were elevated in the 100 mg/kg body
weight group when compared to the control while
the concentration in the kidney decreased in the 25
mg/kg body weight group but increased in the 75
and 100 mg/kg body weight groups when com-
pared to the control. There were no variations in
the liver indicating the ability of the liver to syn-
thesize proteins was not compromised after a
seven-day administration period. Serum total pro-
tein level may increase in cases of dehydration and
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Figure 10. Protein Concentrations in the serum and isolated organs of male Wistar rats administered with the
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Figure 11. Liver Functional Indices of Male Wistar Rats administered with the ethanolic extract of L. meyenii

after seven days

Note: Values are mean of 4 replicates + SEM, bars carrying different superscripts for each parameter are signif-

icantly (P < 0.05) different

infections causing increase in immunoglobin con-
centration [2]. However, after a fourteen-day ad-
ministration period, the serum protein levels were
significantly decreased in all the test groups when
compared with the control with a similar decrease
observed in the liver at all but the 100 mg/kg test
group which indicates the onset of incapability of
hepatocytes to synthesize proteins, over hydration,

malabsorption, liver disease and hypogammag-
lobulinaemia [2].

Effects of oral exposure of the ethanolic extract
of L. meyenii on liver functional indices of male
wistar rats

The ethanolic extract of L. meyenii induced no
significant variation (p > 0.05) in the concentra-
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tions of globulin, direct and total bilirubin in the
animals administered the 25, 50, 75 and 100
mg/kg body weight of the extract when compared
to the control (Figure 11). The albumin concentra-
tion in the groups administered the 25, 50, 75, and
100 mg/kg body weight of the extract showed sig-
nificant increase (p < 0.05) when compared to

the control as depicted in Figure 11.

The extract induced no significant variations
in the albumin and globulin concentrations of all
the test groups when compared with the control
group (Figure 12). The total bilirubin concentra-
tions increased (p < 0.05) in all but the 100 mg/kg
body weight test group where it showed no signif-
icant variation from the control group. The extract
induced no significant variation (p > 0.05) in the
concentration of direct bilirubin of the animals ad-
ministered the 25, 50 and 75 mg/kg body weight
of the extract while there was a statistical increase
(p <0.05) in the concentration of the group admin-
istered the 100 mg/kg body weight of the extract
as depicted in Figure 12.

In this study, after a seven-day administration
period, all doses of the extract increased albumin
concentration when compared with the control.
The increased albumin concentrations may not be

also be increased in states of dehydration and the
mere presence of the extract may be a factor in the
increase in albumin as it is increased in the pres-
ence of certain drugs. All doses of the extract did
not show a significant variation in the globulin, di-
rect and total bilirubin concentration in the liver.
After the fourteen-day administration period, there
was no significant variation in concentrations of
albumin and globulin when compared with the
control. There was a significant increase in the
concentration of total bilirubin at the 25, 50 and 75
mg/kg body weight test groups when compared
with the control as well as an increase in direct bil-
irubin at the 100 mg/kg body weight. The increase
in the concentration of bilirubin may be attributed
to a compromise in liver function.

Effects of oral exposure of the ethanolic extract
of L. meyenii on kidney functional indices of
male wistar rats

The ethanolic extract of L. meyenii induced a
significant increase (p < 0.05) in chloride ion con-
centrations of the animals administered with the
50 mg/kg body weight of the extract when com-
pared with the control while the other test groups
showed no significant difference. The sodium and

a sign of impaired liver function as albumin may potassium ion concentrations showed no
100
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Figure 12.Liver Functional Indices of Male Wistar Rats administered with the ethanolic extract of Lepidium

meyenii after fourteen days
Note:
significantly (P < 0.05) different

Values are mean of 4 replicates + SEM, bars carrying different superscripts for each parameter are
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significant differences (p > 0.05) across all test
groups when compared to the control (Table 5).
The urea concentrations of the animals adminis-
tered with 50 mg/kg body weight of the extract
showed a significant decrease in concentration
when compared while the other groups showed no
variation. The creatinine concentrations in the an-
imals administered the 75 and 100 mg/kg body
weight of the extract showed significant decreases

in concentrations when compared with the control
as shown in Table 5.

The ethanolic extract induced a significant de-
crease (p < 0.05) in chloride ion concentrations in
the animals administered the 75 and 100 mg/kg of
the extract, while the others showed no significant
variation when compared to the control (Table 6).
The sodium ion concentrations of the animals ad-
ministered with the 25, 50 and 100 mg/kg body

Table 5. Effects of seven days oral exposure of the ethanolic extract of L. meyenii on kidney functional indices

of male wistar rats

Concentration (mg/dl)

Parameter Control 25mg/kg bw 50mg/kg bw 75mg/kg bw 100mg/kg bw
Chloride 22.31 £ 0.53° 22.26 £ 0.63° 25.13 £ 1.57° 22.70 £ 0.76° 22.78 £ 0.15°
Sodium 60.84 + 2.56° 56.86 £ 0.85* 59.30 £ 0.89? 61.37 £ 0.78° 61.05 £ 0.86*
Potassium 7.12+0.57° 7.57 +0.84° 7.06 + 0.58° 7.21+0.31° 7.53 £ 0.23?
Urea 173.14 £+ 9.14* 182.45+4.22°  160.28 +0.94>  167.02 +£7.63*  158.25 + 12.28?
Creatinine 2.95 £ 0.34* 3.04 £0.11* 2.70+0.18° 1.97 + 0.38° 1.97 + 0.38°

Table 6. Effects of fourteen days oral exposure of the ethanolic extract of L. meyenii on kidney functional
indices of male wistar rats

Concentration (mg/dl)

Parameter  Control 25mg/kg bw 50mg/kg bw 75mg/kg bw 100mg/kg bw
Chloride 25.94 + 0.85° 25.11+1.23° 23.68 + 1.05° 24.92 £ 0.98° 22.71 £ 0.89°
Sodium 62.01 + 0.89° 56.54 + 0.62° 58.72 £ 1.01¢ 61.10 £ 0.78° 59.41 + 1.45°¢
Potassium  6.51 + 0.242 7.68 +0.42° 7.57 +0.42° 7.04 + 0.34° 6.38 £ 0.35°
Urea 142.82 £5.22°  148.14 +4.50°  159.72 +4.83>  150.07 +2.73°  149.47 + 3.18°
Creatinine  1.82 + 0.00° 1.69 + 0.07° 1.42 + 0.20¢ 1.48 + 0.13¢ 1.56 + 0.13¢

Table 7. Effects of seven days oral exposure of the ethanolic extract of L. meyenii on creatine kinase (myocar-
dial band) of male wistar rats

Concentration (mg/dl)

Doses Heart Serum

Control 53.07 + 3.392 3.23 £0.10°
25 mg/kg body weight 50.98 + 3.492 3.05 £ 0.30?
50 mg/kg body weight 60.43 + 1.60° 2.99 £ 0.21°
75 mg/kg body weight 55.64 +2.272 2.96 £ 0.21°
100 mg/kg body weight 52.67 + 4.61°2 3.09+0.17°

Table 8. Effects of fourteen days oral exposure of the ethanolic extract of L. meyenii on creatine kinase (myo-
cardial band) of male wistar rats

Concentration (mg/dl)

Doses Heart Serum

Control 53.78 + 2.83¢° 3.30 +0.12°
25 mg/kg body weight 58.42 +1.17° 3.62+0.18°
50 mg/kg body weight 55.40 + 2.58° 3.66 +0.14°
75 mg/kg body weight 59.32 + 0.82° 3.62+0.21°
100 mg/kg body weight 59.44 + 1.65° 3.44 +0.11°

Note: Values are mean of 4 replicates + SEM, data carrying different superscripts for each parameter are signif-

icantly (P < 0.05) different
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weight of the extract were significantly decreased
(p <0.05) while the 100 mg/kg test group showed
no significant variation when compared control.
Significant increase in the potassium ion concen-
tration was observed in all but the 100 mg/kg body
weight test group, which had no significant varia-
tion when compared with the control. The concen-
tration of urea was significantly increased (p <
0.05) in the animals administered with 75 and 100
mg/kg body weight of the ethanolic extract while
the others had no significant variation when com-
pared with the control (Table 6). Creatinine con-
centrations showed significant decrease in the an-
imals administered with 25, 50, 75 and 100 mg/kg
body weight of the ethanolic extract when com-
pared with the control.

The increase in the concentration of urea at the
higher doses investigated might be attributed to in-
creased protein catabolism. This is an indication of
the nephrotoxic activity of the extract as it ad-
versely affected the tubular and glomerular func-
tion of the male rats. The findings of this study
agree with that reported by Yakubu et al. on Fa-
dogia agrestis stem [42]. Elevation in the concen-
tration of potassium ion as well as the reduction in
concentration of creatinine, sodium and chloride
ion indicates that tubular dysfunction had devel-
oped following the administration of higher doses
of the extract. This finding agrees with previous
reports by Yakubu et al. [42].

Effects of Oral exposure of the ethanolic extract
of L. meyenii on creatine kinase-myocardial
band (ck-mb) of male wistar rats

In the heart, the ethanolic extract of L. meyenii
induced a significant increase (p < 0.05) in the ac-
tivity of CK-MB in animals administered the 50
mg/kg body weight of the extract while the other
test groups showed no significant differences
when compared to the control group (Table 7). In
the serum, the activity of CK-MB showed no sig-
nificant variation when compared with the control
group in all test groups. In the heart, the ethanolic
extract induced a significant increase in the activ-
ity of CK-MB in all but the 50 mg/kg body weight
test group which had no significant variation when
compared with the control. In the serum, the activ-
ity of creatine kinase was observed to have signif-
icant increase when compared with the control
group in all test groups. This is shown in Table 8.

It can be inferred that high doses of the extract
could possibly cause poor cardiac function as ob-

served from the result. After the seven-day admin-
istration, the lack of elevation in the serum does
not support the thought of leakage of the enzyme
into the serum. This is in line with what was re-
ported by Dianat et al. [17] where serum levels of
CK-MB remain unchanged after exposure to
losartan and vanilic acid on ischaemia induced
reperfusion. There was significant elevation of se-
rum activity of CK-MB in all groups and in the
heart of all but the group administered the 50
mg/kg body weight of extract following the four-
teen-day administration of the ethanolic extract of
L. meyeni, thereby indicating leakage of the en-
zyme into the blood, which may have stemmed
from significant disruption and damage of the car-
diomyocyte membrane integrity and its associated
risk of resulting in acute myocardial injury devel-
opment [23].

Effects of oral exposure of the ethanolic extract
of L. meyenii on seminal indices of male wistar
rats

Table 9 shows the results obtained from the se-
men analysis of the experimental animals follow-
ing the seven-day oral administration of different
doses of the ethanolic extract of L. meyenii. The
semen motility showed no significant variation
(p> 0.05) between the test groups when compared
to the control. A similar trend was also observed
in the percentage of dead cells, sluggish cells, cell
morphology and sperm cells with severed heads
(Table 9). There was no significant difference (p>
0.05) in the sperm cells with curved heads in the
groups administered with 25 and 50 mg/kg body
weight dose of the extract, while it increased in the
groups administered75 and 100 mg/kg body
weight of the extract. There was no significant dif-
ference (p> 0.05) in the number of sperm cells
with bent necks in all but the group administered
the 50 mg/kg body weight dose of the extract
where it was significantly decreased (p< 0.05)
when compared to the control. There was a signif-
icant increase (p< 0.05) in the number of sperm
cells with headless tail following the administra-
tion of 25 and 75 mg/kg body weight of extract,
while 50 and 100 mg/kg body weight showed no
significant difference (p> 0.05). The total sperm
cell counts significantly decreased (p< 0.05) in an-
imals administered 25, 50, and 75 mg/kg body
weight dose of the extract, while 100 mg/kg body
weight of the extract significantly increased the to-
tal sperm cell count as shown in Table 10.
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Table 9. Effects of seven days oral exposure of the ethanolic extract of L. meyenii on seminal indices of male

wistar rats

Parameter Control 25mg/kg 50mg/kg 75mg/kg 100mg/kg
Motility (%) 35.00 + 15.00" 15.00 + 15.00° 55.00 £5.00° 20.00 + 10.00°  50.00 + 10.00"
Dead Cells (%) 50.00 + 20.00" 60.00 +40.00° 20.00 +0.00° 50.00 +30.00°  35.00 % 5.00°
Sluggish Cells (%) 20.00 + 10.00° 25.00 £25.00° 25.00 £ 5.00° 30.00 +20.00°  15.00 £5.00"
Morphology (%) 35.00 £ 15.00" 35.00 £5.00° 50.00+0.00° 35.00+5.00°  45.00 % 5.00°
Headless Tail 250+0.50°  450+050°  3.00+1.00° 7.00+0.00 5504+ 2.50"
Severed Head 550+050°  5.00+£200  3.50+0.50  4.50 % 0.50° 8.50 + 3.50"
Bent Neck 500+1.00° 450+050°  2.50+050 4.50+ 150" 5.50 £ 2.50°
Curved Head 3.00+0.00°  2.00+2.00° 250+050" 7.50+0.50" 6.00 + 4.00°
Total Cells (x10%ml) 60,00 + 0.00° 2350 +16.50° 35.00 +5.00° 35.00 + 15.00" 65.00 + 5.00°

Table 10. Effects of fourteen days oral exposure of the ethanolic extract of L. meyenii on seminal indices of male

wistar rats

Parameter Control 25mg/kg bw 50mg/kg bw 75mg/kg bw 100mg/kg bw
Motility (%) 60.00 + 0.00° 20.00+20.00° 20.00+0.00° 60.00+10.00" 50.00 + 20.00°
Dead Cells (%) 10.00+ 0.00° 25.00+ 15.00° 60.00+0.00° 15.00+500°  35.00 + 25.00°
Sluggish Cells (%) 30.00+0.00° 10.00 + 10.00° 45.00+5.00 20.00+0.00°  15.00 + 5.00°
Morphology (%) 50.00 + 0.00° 35.00 +500 4.00+000°  50.00+0.00" 45.00+ 5.00"
Headless Tail 3.00+0.00° 3.50+050"  4.00+000°  5.00+000°  5.00+0.00°
Severed Head 500+0.00 450+050° 550+050°  6.00+2.00  6.50<+1.50
Bent Neck 400+000° 8.00:2.00°  400+000° 250+050° 500+ 1.00"
Curved Head 400+0.00° 10.00+0.00° 500+1.00°  500+000 450+ 1.00°
Total Cells (x10%/ml) 40.00 +0.00°  50.00 + 10.00° 45.00 + 25.00' 62.50 £ 2.50°  45.00 + 25.00°

Note: Values are mean of 4 replicates + SEM, data carrying different superscripts for each parameter are signif-

icantly (P < 0.05) different

Administration of ethanolic extracts of L. mey-
enii after fourteen days produced significant de-
crease (p<0.05) in in the motility and morphology
of sperm cells at doses of 50 mg/kg body weight
when compared with the control. There was also a
significant increase (p<0.05) in the level of slug-
gish cells, headless tail and dead cells in the sperm
cells of male Wistar rats administered with etha-
nolic extracts of L. meyenii at doses of 50mg/kg
body weight when compared with the control.
Also, there was significant increase (p<0.05) in the
number of curved tails and bent neck in rats ad-
ministered with doses of 25 mg/kg body weight
when compared with the control (Table 10). There
was no significant difference in the level of slug-
gish cells (p>0.05) at all doses when compared
with the control.

It was observed that after the seven-day ad-
ministration, all the doses of the ethanolic extract
of L. meyenii administered had no significant

effect on parameters like motility, sluggish cells,
and dead cells. However, variations were observed
in the various morphological characteristics of the
sperm cells following the administration of differ-
ent doses of the extract. But data gotten from the
results were not sufficient to get precise infor-
mation on the impact of the ethanolic extract of L.
meyenii on semen parameters. Meanwhile, data
was able to account for the effect of total cell count
of sperm cells as animals administered with 100
mg/kg body weight dose of the extract had the
highest sperm count which agrees with what was
reported by Chung et al. [14] that epididymal
sperm count significantly increased in animals
treated with 1.0 g/kg of maca extract.

However, after the fourteen-day administra-
tion period, the highest abnormalities and the low-
est motility was observed in groups administered
doses higher than 50 mg/kg of the extract, this was
also true in the number of dead cells highlighting
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the potential toxicity of L. meyenii on semen pa-
rameters beyond a certain dose and an extensive
use.

Conclusion

Exposure of the animals to the extract altered
the indices tested within the acceptable limits ex-
pected by referenced literature leading to the con-
clusion that following a seven-day administration,
the extract of Lepidium meyenii may be safe. It is
thus recommended that the acceptable doses are
between 25 and 75 mg/kg body weight and admin-
istration should not exceed seven days. The four-
teen-day exposure may be toxic to the experi-
mental animals as there were casualties recorded
of three animals in the 100 mg/kg body weight
group at days 8, 13 and 14 respectively. From the
results, administration of the extract should not ex-
ceed seven days in order to ensure that the animals
are safe.
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