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Abstract The study investigated the phytochemical constituents of the ethyl acetate fraction of Kigelia africana, and
studied its effects in ameliorating arsenic-induced gonad toxicity in male wistar rats. This was with a view to investigate its
gonadoprotective potentials. The stem bark of Kigelia africana, were air-dried at room temperature for 30 days and were
mechanically ground into fine powder by using an electrical mill. Seven hundred grams of powdered plant material was
suspended in six litres of 80% (v/v) of methanol for 72 h followed by evaporation to dryness under reduced pressure and
partitioned with hexane (HF), ethylacetate (EAF) and butanol (BF) to obtain the solvent fractions. The total phenolics and
flavonoid contents of the methanolic extract and the fractions (HF, EAF, BF and AgF) were determined using standard
methods while the antioxidant capacities of the extract/fractions were evaluated using : Ferric reducing power (FRAP) assay,
total antioxidant assay, 2,2-diphenyl-2-picrylhydrazyl hydrate (DPPH) radical scavenging assay and metal chelating assay.
The in vitro anti-inflammatory potential of the extract/fractions was evaluated by determining its ability to protect red blood
cells exposed to both hypotonic and heat-induced lyses. Gonadotocixity was induced by treating the animals with 3 mg/kg
body weight of arsenic trioxide while the gonadoprotective potential of Kigelia africana was carried out by administering the
extract and ethyl acetate fraction of plant material for 30 days at doses of 250 and 300 mg/kg and 300 mg ascorbic acid as
positive control. Blood samples were collected by ocular puncture and the testicular organs of the rats were collected after
sacrifice for hormonal study. The homogenates were assayed for alkaline phosphatase (ALP), acid phosphatase (ACP),
lactate dehydrogenase (LDH) and glucose-6-phosphate dehydrogenase (G-6-PDH) activities. Superoxide dismutase (SOD),
catalase (CAT), reduced glutathione (GSH) and glutathione peroxidase (GPx) were measured in the testes using standard
procedures. Sperm morphology and the histology of the testes were also studied. There was significant (p<0.05) decrease in
the level of serum testosterone (1.0863 £ 0.01575 nmol/L), LH (70.22 + 5.46 mIU/mL) and FSH (36.58 £ 1.03 mIU/mL) in
arsenic treated rats compared to control (1.10 £ 0.0032 nmol/L), (150.28 + 35.04 mlU/mL) and (40.31 £ 8.25 mIU/mL)
respectively. The histology of the testes showed varying degree of cellular degeneration and necrosis rats treated with arsenic.
However, the toxic damages were not restored with treatment with K. africana extract/fraction. The result showed that there
was reduction in the sperm count of all the treated groups. The study concluded that arsenic trioxides caused damage to the
gonads, while the methanolic extract and ethyl acetate fraction of stem bark of Kigelia africana did not show any appreciable
degree of protection to the gonads at 250 and 500 mg/kg bwt used. Therefore Kigelia africana could not be used in the
treatment of sexual dysfunction.
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environmental toxicants in that they are all naturally existing
1. Introduction and in many cases, are ubiquitous within the human
environment. In addition, all life has evolved in the presence
of metals and organisms have been forced to deal with these
potentially toxic, yet ever present elements [2]. The rapid
industrialization, uncontrolled urbanization, and the effects
of environmental chemicals including heavy metals on male
) reproductive system have become major health concern
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The use of metals has been critical to the progress
and success of human civilization [1]. It would be
difficult to imagine an advanced society without extensive
utilization of metallic compounds. Metals are unique among
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significant drop and consequently increase in male infertility
rates [5] [6] [2] can be attributed to chemical and heavy
metal exposure [7]. In the past few decades, tens of
thousands of metals and chemicals have been released into
the environment [8]. Over exposure to these metals has been
reported to cause several anomalies associated with the male
reproductive health [2]. Metals are everywhere, in food,

dietary supplements, water, air, alcoholic drinks, and tobacco.

Cigarette smoke contains about 30 metals, of which
cadmium, arsenic, and lead are in the highest concentrations,
and cadmium body burden in smokers is about double that of
non-smokers [9]. Alcoholic beverages including wine can be
contaminated with metals in concentrations exceeding the
allowable limits causing toxic effects, particularly in heavy
drinkers [10]. Human are inevitably exposed to metals due to
its ubiquity in nature, wide use in industry and long-term
persistence in the environment. Response to metal exposure
depends on the age, sex, health status, and dietary habits, use
of medications and/or supplements, physical activity, and
concomitant exposure to other metals and/or chemicals [11]
[12]. Among the heavy metals, arsenic exhibits a complex
metabolism and is possibly the most abundant and a potential
carcinogen [9].

Arsenic is a metalloid that is widely distributed in the
environment in inorganic trivalent (inorganic arsenite; As'"
or pentavalent (inorganic arsenate; As’) forms, [13].It is a
naturally occurring element which is found throughout the
environment [13]. Arsenic is present in the nature in stable
form as Ar’* and As®* species.In the process of arsenic
metabolism, inorganic arsenic is methylated to monomethyl
arsenic acid (MMA) and finally to dimethyl arsenic acid
(DMA) followed by a renal excretion. In this process of
biomethylation, constant depletion of methyl causes DNA
hypomethylation, and thus generates mutation followed by
carcinogenesis [9]. Arsenic affects the mitochondrial
enzymes, impair the cellular respiration and causes cellular
toxicity. It can also substitute phosphate intermediate, which
could theoretically slow down the rate ofmetabolism and
interrupt the production of energy [14]. Male infertility is
reflected by low sperm count, low sperm motility and bad
quality of sperms [14]. Sodium arsenite has been found to
have an inhibitory effect on the activity of testicular
steroidogenic enzyme A5-3B-hydroxysteroid dehydrogenase
(A5-3p-HSD) and 17p-hydroxysteroid dehydrogenase
(17B-HSD) and to reduce the weight of testes and accessory
and accessory sex glands in rats [14]. High Arsenic level
may suppress the sensitivity of gonadotroph cells to GnRH
as well as gonadotropin secretion by elevating plasma levels
of glucocorticoids. These ultimately lead to the development
of gonadal toxicity [14].

2. Materials and Methods

Collection and Identification of Plant Materials

Fresh stem bark samples of K. africana were collected
from Iperindo, in Atakumosa East Local Government Area

of Osun State, Nigeria. The plantwas identified and
authenticated by Mr. G. A. Ibhasebor at IFE Herbarium
Department of Botany, Obafemi Awolowo University,
Nigeria.The Herbarium identification number was IFE
17219.

Extraction and Preparation of Methanolic Extract of K.
africana

The stem bark of K. africana were air-dried at room
temperature for thirty (30) days and were mechanically
ground into fine powder by using an electrical mill. The
powderwas kept in air-tight container until use. Six hundred
(600 g) of the dried powders was soaked in 4 litres of 80%
(v/v) of methanol for 72 h with occasional agitation using
sterile rod. The mixture was filtered using muslin cloth
followed by Whatman filter paper (No. 1). The resultant
filtrate was evaporated to dryness under reduced pressure
using a rotary evaporator at 40°C (Buchi) to give a dark
brown extract.

Partitioning of Crude Methanolic Extracts of K. africana
Stem Bark

The crude methanolic extracts of K. africana stem bark
(35.0 g) was then partitioned with n — hexane to yield hexane
fraction (HF). The aqueous portion was collected and
partitioned with ethyl acetate (to yield ethyl acetate fraction
(EAF). The aqueous fraction was equally partitioned with n —
butanol to give butanol fraction (BF) and aqueous fraction
(AgF). The fractions that were obtained were screened for in
vitro antioxidant to establish their potency and used for the
analyses.

Phytochemical Screening

Chemical tests both qualitative and quantitative on the
methanolic extracts and all the fractions of K. africana were
doneusing standard procedures to identify the plant
constituents as described by [15] [16] and [17].

Anti-Inflammatory Studies
Membrane Stability Activity

Thered blood cell membrane stability activity assay was
carried out using the method of [18].

In vitro Antioxidant Studies
Determination of Total Phenolic Content

The total phenolic of the extract of K. africana was
determined using the Folin—Ciocalteu’s method of [19] as
described by [20].

Determination of 1, 1-Diphenyl-2-Picrylhydrazyl
Hydrate (DPPH) Radical Scavenging Activity

The hydrogen or radical scavenging properties of the
extracts was determined using the stable radical 1,
1-diphenyl-2-picrylhydrazyl hydrate (DPPH) according to
the method of [21]and as described by [22].

Ferric Reducing Antioxidant Power Assay (FRAP)
The FRAP assay used antioxidants as reductants in a



American Journal of Biochemistry 2015, 5(5): 113-129

redox linked colometric method with absorbance measured
with spectrophotometer [23].

Total Antioxidant Capacity

The total antioxidant capacity of the test samples was
determined according to the method of [24].

Sub-Chronic Study

Thirty five (35) Wistar adult male rats weighing 200-300 g
were randomly divided into 7 groups (A, B, C, D, E, F, and G)
of 5 rats each. Group A was the control group and received
Normal saline, group B was given arsenic trioxide dose only,
group C was given 3 mg/kg body weight arsenic trioxide,
and 300 mg/kg body weight ascorbic acid and served as
positive control. Groups D and E were given 3 mg/kg body
weight arsenic trioxide and different doses of 250 mg/kg and
500 mg/kg body weight of methanolic extract of K. africana
stem bark respectively and group F and G were administered
3 mg/kg body weight of arsenic trioxide and ethyl acetate
fraction of methanolic extract250 mg/kg and 500 mg/kg of K.
africana stem-bark respectively. 2% Tween 20 was used as
vehicular control. Route of administration was per oral using
oro-gastric canula.

Sacrificing of the Experimental Animals

At the end of the treatment, 24 hrs after the last dose, five
rats from each group were sacrificed after 30 days of
treatment by cervical dislocation. Blood samples were
collected by ocular puncture at the two time intervals before
sacrificing the animals and the sera were used for both
biochemical and hormonal assays: testosterone, leuteinizing
hormone (LH) and follicular stimulating hormone (FSH). At
the two time intervals mentioned above, the testes were
isolated from each rat, washed 3 times with potassium
phosphate buffer (0.1 mol/L, pH 7.2), weighed and used to
determine activity of the following testicular marker
enzymes: Lactate dehydrogenase (LDH), acid phosphatase
(ACP), alkaline phosphatase (ALP) and glucose-6-
phosphate dehydrogenase. The testes, brain and other
accessory sexual organs were also used for histological
studies.

The epididymis was also removed after sacrificing each
rat at the two time intervals, cleaned from fats, weighed and
used for evaluation of spermatozoa and histological study.
Other accessory organs for reproduction (testes, seminal
vesicles and prostate gland) were also isolated, weighed and
used for histological study.

Biochemical Studies
Preparation of Blood Serum

Fresh blood (5-10 ml) sample was collected at two time
intervals mentioned above by ocular puncture from each rat
into a clean plain labeled tube, allowed to clot, and then
centrifuged at 3000 rpm for 10 min in a bench centrifuge
(Model 800D, Micro field Instrument, England) at room
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temperature. The clear serum was separated and kept at -4°C
till assay.

Preparation of Testis Homogenates

The testis was isolated from each rat at the two time
interval, washed with potassium phosphate buffer and
weighed. 0.5 g of testis was cut into small pieces and
homogenized manually using pestle and mortal in 5 ml
potassium phosphate buffer (testis/total buffer is 1:10). The
supernatant was obtained after the homogenate was
centrifuged at 6000 rpm for 5 minutes at 4°C using
refrigerated centrifuge (TGL-16G, B-Bran Scientific and
Instrument Company, England) and used as an enzyme
extract for determination of the enzyme activities.

Estimation of Biochemical Parameters
Assay of Serum Testosterone

Serum testosterone was estimated as described by [25]
using Randox kit. The assay is based on competitive binding
technique.

Assay of Serum Luteinizing Hormone (LH)

Serum luteinizing hormone was estimated as described by
[26] using Randox kit. The assay is based on competitive
binding technique.

Assay of Follicle Stimulating Hormone (FSH)

Serum follicle stimulating hormone was estimated as
described by [27] using Randox kit. The assay is based on
competitive binding technique.

Assay of Alkaline Phosphatase (ALP) Activity

The testis homogenate alkaline phosphatase activity was
estimated as described by [28] using Fortress Kit.

Assay of Acid Phosphatase (ACP) Activity

The testis homogenate total acid phosphatate (ACP)
activity was estimated as described by [28] using Fortress
kit.

Assay of Lactate Dehydrogenase (LDH) Activity

The testis homogenate lactate dehydrogenase (LDH)
activity was estimated as described by [29] using Randox Kit.

Extraction of Reduced Glutathione (GSH)

A homogenate was prepared with 1.0 g of the liver sample
with 10 ml of 250 mM Sucrose. The supernatant was then
used for the estimation of reduced glutathione (GSH).

Estimation of Glutathione Peroxidase (GPx) Activities

The activity of Glutathione peroxidase (GPx) was
determined according tothe method of [30].

Determination of Superoxide Dismutase (SOD) Activity

The level of SOD activity was determined by the method
of [31].
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Assay for Catalase Activity

Catalase activity was determined by using the direct UV
assay method of [32].

Protein Determination

Protein determination was carried out according to the
method of [33].

Sperm Evaluation Studies
Collection of Semen and Analysis

The methods of collection used were as described by [34]
and [35].

Sperm Count and Motility Analysis

The spermatozoa were counted by hemocytometer using
improved Neubauer chamber as described by [36].

Percentage Viability Assay

Live/dead ratio was determined according to the method
described by [37].

Histological Investigation

The histopathological analysis of the testes was carried out
by standard procedure. The testes were fixed were sliced into
approximately 0.3cm thickness and placed into 10%
formosaline for fixation. The testes were dehydrated,
mounted, sectioned and stained with hematoxylin and eosin.
The slide were examined, captured with LEICA 750 light
microscope interfaced with a Leica ICCs light camera at the
Department of Anatomy and Physiology, Obafemi Awolowo
University, lle Ife, Osun State.

Statistical Analysis

All data obtained were subjected to statistical analysis and
the results were expressed as Mean + SEM. Differences
between mean values were determined by one way ANOVA
using Graph Pad Prism (Graphical — Statistical package

version 5) and comparisons were done by the Turkey test.
Differences were considered to be significant if p<0.05.

3. Results

Table 1 shows the results for the phytochemical
constituents of the extract/fractions of K. africana stem bark,
Table 2 shows the results for quantitative phytochemical
screening of total phenol and flavonoids of the
extract/fractions of K. africana stem bark, Table 3 shows the
results for percentage yields and concentration of total
phenolic content and total flavonoid constituents contained
in K. africana stem bark, Table 4, shows the results for the
1,1-diphenyl-2-picrylhydrazyl hydrate (DPPH) radical
scavenging activity of K. africana methanolic stem bark
extract and its fractions, Table 5 shows the results for the
total antioxidant assay and ferric reducing power (FRAP)
activity, Table 6 shows the results for the membrane stability
activity of crude methanolic extract of K. africana stem bark
and its fractions on bovine red blood cells, Table 7 shows the
results for the effects of arsenic and extract of K. africana on
serum luteinizing hormone, follicle stimulating hormones,
and testosterone hormone levels of male wistar albino rats,
Table 8 shows the results for the effect of arsenic and extract
of K. africana on testicular homogenate alkaline phosphatase,
total acid phosphatase, lactate dehydrogenase and
glucose-6-phosphatase dehydrogenase enzymes levels on
male rats, Table 9 shows the results for the effect of K.
africana stem bark extract on superoxide dismutase, catalase,
glutathione peroxidase and reduced glutathione enzyme
levels in the brain, Table 11 shows the results for the change
in protein level in serum, testes and brain of arsenic-induced
gonad toxicity treated with extract/fraction of K. africana
stem bark, and Table 12 shows the results for the effect of
arsenic and extract of K. africana on sperm count, sperm
motility, live/dead ratio (LDR) and viability of male rats.

Table 1. Phytochemical constituents of the extract/fractions of K. africana stem bark

Constituents CME EAF n-BF n-HF AgF
Alkaloids + -
Saponins + +

Cardiacglycoside + + + + -
Tannins + + + +
Flavonoids + + + +
Phlobatamin -
Xanthoproteins + + + -

Keys:

CME = Crude methanolic extract
EAF = Ethyl acetate fraction

n — BF = normal- butanol fraction
n-HF = normal -hexane fraction
AgF = Aqueous fraction.

+ = Present,

- = Absent.
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Constituents Total Phenol (mg/g GAE/g Extract) Total Flavonoid (mg/g/RE/g Extract)
CME 0.104 £ 0.0001 0.16 £0.03
EAF 0.104 + 0.0001 1.07 £0.05
n-BF 0.104 £ 0.0001 0.68 +0.01
n-HF 0.103 £ 0.0002 0.04 £0.01
AgF 0.104 + 0.0001 0.16 £0.03

Data are expressed as mean = S.E.M. (n = 2).

Keys:

CME = Crude methanolic extract
EAF = Ethyl acetate fraction

n — BF = normal-butanol fraction
n-HF = normal hexane fraction
AgF = Aqueous fraction

RE = Rutin equivalent

GAE = Gallic Acid Equivalent.

Percentage Yields and Concentration of Total Phenolic Content and Totalflavonoid Constituents Contained in K. africana Stem Bark
Extraction Yields Total Phenolic Content Total Flavonoid Content
Constituents % Yield (W/w) Gallic Acid Equivalent (mg/g) Quercetin Equivalent (mg/g)

CME 10.1 92.98 £0.21 -

EAF 10.70 292.63 £ 2.63 136.35+4.49
n-BF 25.14 154.71 + 0.97 102.07 £ 4.85
n-HF 6.6 71.06 £0.25 107.72 £ 4.10
AgF 45.80 4414 +0.21 117.42 £ 2.49

Keys:

CME = Crude methanolic extract
EAF = Ethyl acetate fraction

n —BF = normal-butanol fraction
n-HF = normal-hexane fraction
AgF = Aqueous fraction

1, 1-diphenyl-2-picrylhydrazyl hydrate (dpph) radical scavenging activity of K. africana methanolic stem bark extract and its fractions

Conc. CME EAF n-BF AqF N-HF Ascorbic acid

(mg/ml) | (% Inhibition) | (% Inhibition) | (% Inhibition) | (% Inhibition) (% Inhibition) | (% Inhibition)
05 81.38 £0.36 69.85 +0.83 43.34 £1.56 77.97 £0.83 67.66 +2.33 91.00+0.11
0.25 55.04 £1.24 37.43+£1.58 26.93 £ 3.49 61.17+1.78 4576 +1.11 90.74 £0.17
0.125 38.74 £ 0.82 24.87 £ 7.65 17.33+2.46 41.32 £1.56 26.05+0.78 87.67 +1.51
0.0625 23.43+0.79 6.61+1.14 19.57£3.31 33.91+£9.30 15.99 + 2.02 51.03 £ 3.66
0.03125 17.67+2.12 17.77 £ 3.41 264272 23.40 £4.53 11.40 + 1.46 2472 £4.05
0.01563 40.60 £ 0.00 6.45 +1.42 0.36 +2.56 7.10+1.84 10.15+4.08 14.65 +4.35
1Cso 0.08 £ 0.00 0.01 +0.00 0.02 +0.00 0.15+0.01 0.41+0.02 0.01+0.00

Data are expressed as mean = S.E.M. (n = 3).

Keys:

EAF = Ethyl acetate fraction

n — BF = normal-butanol fraction
n-HF = normal-hexane fraction
AgF = Aqueous fraction

1Cs = Inhibitor coefficient
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Table 5. Total antioxidant assay and ferric reducing power (frap) activity

] Total Antioxidant Assay FRAP Assay
Constituents A -
(mg AAE/g Extract/fraction) (mg AAE/g Extract/fraction)

CME 80.49 +2.25 54.96 + 0.84
EAF 262.63 +6.15 58.49 + 0.61
n-BF 146.18 +1.83 57.80 +0.34
n-HF 168.54 +1.31 4531 +157
AqF 58.01+4.38 36.10 + 0.80

Data are expressed as mean = S.E.M. (n = 3).
Keys:

CME = Crude methanolic extract

EAF = Ethyl acetate fraction

n — BF = normal- butanol fraction

n-HF = normal hexane fraction

AgF = Aqueous fraction

Table 6. Membrane stability activity of crude methanolic extract of K. africana stem bark and its fraction on bovine red blood cell

Conc. Ibuprofen CME EAF n-BF AgF n-Hexane
(mg/ml) (% stability) (% stability) (% stability) (% stability) (% stability) (% stability)
0.05 67.16 +1.88 71.13+£1.26 57.64 £1.93 59.63 +1.12 68.37 + 1.67 4456 +£1.48
0.10 59.68 + 0.99 70.17 +2.01 67.04 +1.62 64.15+0.70 63.77 £ 1.58 50.00 + 0.80
0.15 58.91+1.16 71.10+£1.94 7258 +1.13 80.43+4.12 67.38£1.85 46.24 £ 0.68
0.20 59.99 +0.77 71.45+0.41 74.96 +0.91 71.76 +1.03 7250 +1.76 70.64 + 4.46
0.25 60.43 £0.93 99.73+0.13 76.86 £ 1.11 74.18+1.01 73.20 £ 0.54 62.03 + 1.52
0.30 57.59 +1.02 7456 +0.91 77.19+0.80 75.20+0.72 77.24+131 68.02 + 0.99

Data are expressed as mean = S.E.M. (n = 3).
Keys:

CME = Crude methanolic extract

EAF = Ethyl acetate fraction

n — BF = normal- butanol fraction

n-HF = normal hexane fraction

AgF = Aqueous fraction

Table 7. Effect of arsenic and extract of K. africana on serum luteinizing hormone, follicle stimulating hormone, and testosterone hormone levels of male
wistar albino rats

Serum Hormone LH (mIU/mL) FSH (mIU/mL) Testosterone (nmol/L)
A 150.28 + 35.04 40.31+£8.25 1.10+0.00
B 70.22 + 5.46* 36.58 + 1.03 1.09+0.01
C 110.62 + 14.25" 35.16 £5.76 1.03 £ 0.01**
D 130.80 + 2.40" 26.05 +0.86 1.09 £ 0.00
E 104.61 + 14.34" 35.58 £3.35 1.09 +0.00
F 83.32 + 10.78* 41.22 £ 6.56 1.06 +£0.01**
G 78.73 + 14.32* 36.41+1.31 1.05 £ 0.01**

Data are expressed as mean = SEM (n = 4).

* = significantly different from the control at p<0.05.

+ = significantly different from toxicant alone.

Keys: LH = Luteinizing hormone; FSH = Follicle stimulating hormone
A = Control

B = Toxicant alone (Arsenic 3 mg/kgbwt)

C = Positive Control (Arsenic + vitamin C 300 mg/kgbwt)
D = Arsenic + Crude Extract (250 mg/kgbwt)

E = Arsenic + Crude Extract (500 mg/kgbwt)

F = Arsenic + Ethylacetate (250 mg/kgbwt),

G = Arsenic + Ethylacetate (500 mg/kgbwt)
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Table 8. Effect of arsenic and extract of K. africana on testicular hormogenate alkaline phosphatase, total acid phosphatase, lactate dehydrogenase and

glucose-6-phosphate dehydrogenase enzymes levels of male rats

Testicular Enzymes ALP (U/L) ACP (U/L) LDH (U/L) G-6-PDH (U/L)
270.62 £11.18 2.08 £ 0.52 48.57 £ 0.00 292.76 £57.21
B 204.75 +15.49 2.28+0.86 48.57 +£0.00 171.62 + 35.13
C 351.76 + 26.43 1.26 +0.52 7.56 +£1.18 93.09 +4.89
D 371.63 + 28.57*" 144 +£0.31 6.48 + 1.62 109.36 + 25.24
E 381.25 + 42.46** 0.37£0.07 7.29 £0.00 173.29 £ 25.23
F 389.44 + 11.04*" 1.97+0.11 4.86 +0.00 166.01 +9.58
G 461.89 +51.75*" 12.22 +1.66 9.31+3.64 89.17 £5.05

Data are expressed as mean = SEM (n = 4).

* = significantly different from the control at p<0.05.
+ = significantly different from toxicant alone.

A = Control

B = Toxicant alone (Arsenic 3 mg/kgbwt)

C = Positive Control (Arsenic + vitamin C 300 mg/kgbwt)
D = Arsenic + Crude Extract (250 mg/kgbwt)

E = Arsenic + Crude Extract (500 mg/kgbwt)

F = Arsenic + Ethylacetate (250 mg/kgbwt)

G = Arsenic + Ethylacetate (500 mg/kgbwt)

ALP = Alkaline Phosphatases

ACP = Acid phosphatases

Table 9. Effect of K. africana stem bark extract on superoxide dismutase, catalase, glutathione peroxidase and reduced glutathione enzyme levels in the

testes arsenic-induced gonad toxicity in rats

Parameters SOD CAT GPx GSH

10.61 +4.49 1.14£0.87 0.10+0.07 0.20+0.18
B 5.40 £ 0.46 0.40 +£0.08 0.05+0.01 0.04 £0.02
C 8.98 +4.04 0.08 +£0.03 0.12 +£0.06 0.08 +£0.03
D 5.71+1.55 0.24 £0.00 0.07 £0.02 0.02 +0.00
E 10.24 + 8.27 0.21+£0.05 0.08 £ 0.06 0.08 +£0.00
F 23.78 £15.48 1.22+0.86 0.33+0.25 0.14+0.04
G 9.45+4.39 0.52+0.19 0.06 +£0.01 0.11+0.09

Data are expressed as mean = SEM (n = 4).

* = significantly different from the control at p<0.05.
+ = significantly different from toxicant alone.

Keys:

SOD = Superoxide dismutase (Units/mg proteins)
CAT = Catalase (Units/mg proteins)

GSH = Reduced Glutathione (ug/mg protein)

GPx = Glutathione peroxidase (iu moles of GSH oxidized/mg proteins)

A = Control, B = Toxicant alone (Arsenic 3 mg/kgbwt)

C = Positive Control (Arsenic + vitamin C 300 mg/kgbwt)
D = Arsenic + Crude Extract (250 mg/kgbwt)

E = Arsenic + Crude Extract (500 mg/kgbwt)

F = Arsenic + Ethylacetate (250 mg/kgbwt)

G = Arsenic + Ethylacetate (500 mg/kgbwt)
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Table 10. Effect of K. africana stem bark extract on superoxide dismutase, glutathione peroxidase and reduced glutathione enzyme levels in the brain

Parameter SOD GPx GSH
A 3.92+0.56 0.18+0.12 1.09£0.76
B 484 +1.47 0.08 +0.02 0.49+0.15
C 7.73+3.68 0.07+£0.03 0.60 +£0.34
D 557+0.11 0.06 £0.01 0.61+0.15
E 4.45+1.16 0.06 +£0.02 0.36 £0.14
F 4,98 +2.53 0.04 +0.01 041+0.14
G 13.13+9.70 0.09 +£0.05 0.78 £0.80

Data are expressed as mean = SEM (n = 4).

* = significantly different from the control at p<0.05.
+ = significantly different from toxicant alone.

SOD = Superoxide dismutase (Units/mg proteins)
CAT = Catalase (Units/mg proteins)

GSH = Reduced Glutathione (pug/mg protein)

GPx = Glutathione peroxidase (n moles of GSH oxidized/mg proteins)
A = Control

B = Toxicant alone (Arsenic 3 mg/kgbwt)

C = Positive Control (Arsenic + vitamin C 300 mg/kgbwt)

D = Arsenic + Crude Extract (250 mg/kgbwt)

E = Arsenic + Crude Extract (500 mg/kgbwt)

F = Arsenic + Ethylacetate (250 mg/kgbwt)

G = Arsenic + Ethylacetate (500 mg/kgbwt)

Table 11. Effect of arsenic and extract of K. africana on sperm count, spermmotility, live/dead ratio (Idr) and viability of male rats
Group Motility Sper_m_Count Viability Morphology
(%) (Millions) (%) (% Abnormality)
A 88.75+3.15 123.50 + 2.97 96.50 + 0.87 11.39+0.52
B 72.50 £ 2.50* 82.25 £ 4.03* 96.50 £ 0.87 11.27+0.30
C 70.00 £ 4.47* 89.20 £ 6.51* 96.80 £ 0.74 11.33+0.32
D 73.33 £6.67* 87.00 + 5.86* 92.67 +3.93 12.33+1.26
E 80.00 £ 5.77* 93.67 + 8.09* 96.00 + 1.00 12.29+0.44
F 20.00 + 8.17*" 55.75 + 4.21** 56.25 + 19.08*" 13.25+0.09
G 80.00 + 0.00 93.00 + 5.00* 96.50 + 1.50 11.18+0.43

Data are expressed as mean = SEM (n = 4).

* = significantly different from the control at p<0.05.
+ = significantly different from toxicant alone.

Keys:

A = Control

B = Toxicant alone (Arsenic 3 mg/kgbwt)

C = Positive Control (Arsenic + vitamin C 300 mg/kgbwt)
D = Arsenic + Crude Extract (250 mg/kgbwt)

E = Arsenic + Crude Extract (500 mg/kgbwt)

F = Arsenic + Ethylacetate (250 mg/kgbwt)

G = Arsenic + Ethylacetate (500 mg/kgbwt)
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Table 12. Change in protein level in serum, testes and brain of arsenic-inducedgonad toxicity treated with extract/fraction of K. africana stem bark

Parameters Serum (mg/ml) Testes (mg/ml) Brain (mg/ml)

A 6.65+0.37 0.87 £0.05 0.52 £0.04
B 4.91 +0.86 0.41+0.04 0.47 £0.07
o 6.52 + 0.66 0.51£0.08 0.19 £0.06
D 7.64+0.11 0.26 £ 0.00 0.34£0.04
E 6.83+0.41 0.58 £0.24 0.38 £0.02
F 6.08 £0.95 0.49 +0.08 0.74+0.11

6.31+0.71 0.27 £0.09 0.33+£0.23

Data are expressed as mean = SEM (n = 4).
* = significantly different from the control at p<0.05.
+ = significantly different from toxicant alone.

Keys:

A = Control

B = Toxicant alone (Arsenic 3 mg/kgbwt)

C = Positive Control (Arsenic + vitamin C 300 mg/kgbhwt)
D = Arsenic + Crude Extract (250 mg/kgbwt)

E = Arsenic + Crude Extract (500 mg/kgbwt)

F = Arsenic + Ethylacetate (250 mg/kgbwt)

G = Arsenic + Ethylacetate (500 mg/kghwt)

Figure 1. Photomicrographs of the seminiferous tubules of groups A, B, C, D, E, F and G. showing normal spermatogenic (Red arrow) and Leydig (yellow
arrow) cells in A and C. Degeneration of spermatids (Green arrow) is noted in D, E and F while whitish interstitial deposit (orange arrow) were noted in D
and E. Patchy degeneration of the spermatogenic cells and interstitial splitting were noted in B. Complete degeneration of spermatogenic cells alongside
distortion of general architecture of the testis were noted in G. Stain H&E. Mag. X400. LC = Leydig Cell, SC = Sertoli Cells
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4. Discussion

Infertility and damage to the male gonad is a major clinical
problem, affecting approximately 15% of all couples trying
to achieve conception. This condition affectspeople
medically and psychologically and the male factor is the sole
or contributing factor in roughly half of these cases [38]. Of
the many causes of male infertility; oxidative stress (OS) has
been identified as one factor that affects fertility status and
thus, has been extensively studied [38]. Spermatozoa, like
any other aerobic cell, are constantly exposed to oxidative
damage [39]. Oxygen is essential to sustain life as
physiological levels of ROS are necessary to maintain
normal cell function. Conversely, breakdown products of
oxygen such as ROS can be detrimental to cell functions and
survivalleading to oxidative stress and damage [40] [41].
Moderate increase in oxidative stress can activate cell
growth which results in normal physiologic response.
Conversely highly increased oxidative stress causes cell
injury (e.g. DNA and protein damage, cell membrane
disruption). Men with increased oxidative stress and DNA
destruction have increased risk of fertility which can be more
diagnosed with spermatozoa studies including sperm
motility [41].

Reactive oxygen species causes a decrease in sperm
motility and thus increase the probability of infertility [42].
Exposure to arsenicals, which are used as herbicides,
fungicides and rodenticides may cause soil, air and water
pollution [43] and might be a factor considering the
hormonal disruption that occurs with its use. Arsenical
exposure through drinking water is common in many areas
of the world, India Pakistan etc [44]. Metabolic disorders,
hypertrophy of adrenal glands [45] and anemia [16];
inhibition of the activity of testicular steroidogenic enzymes
[46] and reduction in the weight of the testis and accessory
sex organs [47] are associated with exposure to arsenicals. A
number of proteins and enzyme systems containing
sulfhydryl group have been found to be altered by arsenic
[45]. Arsenic effects mitochondrial enzymes and impairs
tissue respiration, which seems to be related to the cellular
toxicity [46].

The present study focuses on evaluation of the
gonado-protective potentials of K. africana (Lam.) Benth on
arsenic-induced gonadotoxicity in male wistar rats. K.
africana belongs to the family of Bignoniaceaes; commonly
called the sausage tree because of its huge fruits [48] with
many medicinal properties due to the presence of numerous
secondary metabolites like saponins, steroids, tannins,
flavonoids and alkaloids which are responsible for its
antioxidant action against free radicals [49]. Phytochemicals
are biologically active, naturally occurring chemical
compounds found in plants, which provide health benefits
for humans further than those attributed to macronutrients
and micronutrients [50]. They protect plants from disease
and damage and contribute to the plant’s color, aroma and
flavor [51] [52].

In this study, the percentage yields obtained from the plant

material were 10.1% .While the yields from other partitioned
fractions were 6.6%, 10.70%, 25.14% and 45.80% for
hexane, ethyl acetate fraction, butanol fraction and aqueous
fraction respectively.

The phytochemical screening of the crude methanolic
extracts and fractions of K. africana stem bark showed the
presence of secondary metabolites such as saponins,
alkaloids, flavonoids, and cardiac glycosides; which is in
agreement with the phytochemical screening reported on the
same plant by [53]. Alkaloids, flavonoids, saponins, cardiac
glycosides, tannins and xanthoproteins were founds in the
crude methanolic extract of the K. africana; while the
ethylacetate and butanol fractions showed the presence of
flavonoids, tannins, cardiac glycosides and xanthoproteins
respectively. The aqueous fraction showed the presence of
saponins, tannins and flavonoids while the hexane fraction
showed the presence of cardiac glycoside only. These
phytochemicals are known to have bioactive activities in
medicinal plants and may therefore be responsible for the
antioxidant activities of theplant extracts. Tannins are
generally known to be useful in the treatment of inflammed
or ulcerated tissues and have remarkable activity in cancer
prevention [54] [55]. Thus, the presence of these constituents
in K. africana partly supports the common traditional use of
the plant in the treatment of various diseases. Flavonoids
have been shown to exhibit their actions through effects on
membrane  permeability, and by inhibition of
membrane-bound enzymes such as the ATPase and
phospholipase A2 and this property may possibly explain the
mechanisms of anti-oxidative action of K. pinnata root
extract [56].

Severe techniques have been used to determine the
antioxidant activity in vitro of the plant extracts in order to
allow rapid screening of the fractions [57]. The antioxidant
potential and screening of the methanolic extracts and all the
fractions of K. africana were assessed and screened through
diverse varieties of biological parameters and compared with
the standard antioxidants. Due to the complex nature of
phytochemicals; it was reported that the antioxidant
activities of plant extracts cannot be evaluated by a single
assay method; thus commonly accepted antioxidant of in
vitro assay methods were adopted to evaluate the
antioxidants potential of the plant extracts and its fractions.
Polyphenols are pharmacologically active components of
plants which are capable of neutralizing free radicals,
chelating metal catalysts and inhibiting the activity of
oxidizing enzymes in biological systems [58]. They are also
capable of regenerating endogenous o-tocopherol in the
phospholipid bilayer of the membrane to its active
antioxidant form. This mechanism of antioxidant action
confers health beneficial potentials on the polyphenolic
compounds. The therapeutic potential of various medicinal
plants have been attributed to their significant antioxidant
potential due to the presence of phenolic compounds [59].

Flavonoids are polyphenolic compounds with low
molecular weight found in plant with diverse biological
activities [60]. It has been reported that flavonoids displayed
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antioxidants potentials and their effects on human health
cannot be over emphasized; their mechanism of action are
through scavenging or chelating process [61]. In this study,
ethyl acetate fraction of K. africana showed the highest total
flavonoid content of 136.34 + 4.5 mg QUE/g. It has also been
established that flavonoids from medicinal plants possess
high antioxidant potentials due to their hydroxyl groups and
protect more efficiently against free radical related diseases
like arteriosclerosis [62] [63]. Flavonoids are also involved
in scavenging of oxygen derived free radicals [64].

Plant phenolic compounds are different in molecular
structure, andare characterized by hydroxylated aromatic
rings [65]. These compounds have been studied mainly for
their properties against oxidative damage leading to various
degenerative diseases, such as cardiovascular diseases,
inflammation and cancer [66]. The results obtained from K.
africana stem bark fractions showed that the total phenolics
varied from 44.144 + 0.211 mg GAE/g t0 292.63 + 2.633 mg
GAE/g of fraction. The ethyl acetate fraction showed the
highest total phenolics activity of 292.63 + 2.633 mg GAE/g
of fraction; indicating promising phenolic tendency; while
the aqueous fractions showed the least total phenolics
activity of 44.144 + 0.211 mg GAE/qg of fraction.

In the DPPH assay, the activity was concentration
dependent i.e. activity increased with increase in
concentration. The 1Cs, values ranges from 0.01 - 0.42
mg/ml. The highest radical scavenging activity was showed
by ethyl acetate with ICsq of 0.01 mg/ml. The strong
inhibition displayed on DPPH radical could be linked
topolyphenolic compounds which are capable of donating
electrons or transferring hydrogen atom to neutralize free
radicals and thus, could be a promising therapeutic agent to
treat stress induced pathological conditions. This study
indicates that the ethyl acetate fraction of the plant root has
high antioxidant activity against DPPH than the hexane and
methanol extract. It is due to the presence of high content of
phenolic, which could be the most effective in protecting the
body against various oxidative states.

The reducing ability of a compound generally depends on
the presence of reductants [67] which exhibits antioxidative
potential by breaking the free-radical chain, donating a
hydrogen atom [68]. Presence of reductant causes the
conversion of the Fe*'ferricyanide complex used in this
method to the ferrous form. By measuring the formation of
Perl’s Prussian blue at 700 nm, it is possible to determine the
Fe?* concentration. The results of the ferric reducing
antioxidant power showed a concentration dependent change
with ethyl acetate fraction having the highest activity of 58.5
+ 0.612 mg/AAE/g. This suggest that polyphenolic
components within the ethyl acetate extract of K. africana
play an important role in scavenging of free radicals, and the
scavenging activity is increased with the increasing
concentration of the plant extract. However, the total
antioxidant assay of K. africana plant extract and their
fractions showed a concentration dependent change. The
ethyl acetate fraction showed highest total antioxidant
activity of 262.63 + 6.15 mg/AAE/g.
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Stabilization of red blood cells membrane was
investigated to  establish  the  mechanism  of
anti-inflammatory action of K. africana stem bark
extract/fractions. The extract/fractions were effective in
inhibiting the heat and hypotonic haemolysis at different
concentrations. During inflammation, lysosomal hydrolytic
enzymes are released into the sites which cause damage to
the surrounding organelles and tissues with attendant variety
of disorders [18]. It is well known that the viability of cells
depends on the integrity of their membranes [69]. Exposure
of red blood cells to injurious substances such as a hypotonic
medium results in lysis of its membrane accompanied by
haemolysis and oxidation of haemoglobin [70]. The
haemolytic effect of hypotonic solution is related to
excessive accumulation of fluid within the cell resulting in
the rupture of its membrane. Such injury to RBC membrane
will further render the cell more susceptible to secondary
damage through free radical-induced lipid peroxidation [70]
[69]. This view is consistent with the observation that the
breakdown of bio-membranes leads to the formation of free
radicals which in turn enhance cellular damage [71]. It is
therefore expected that compounds with membrane -
stabilizing properties, should offer significant protection to
cell membrane against injurious substances [72] [71] [73].
Compounds with membrane-stabilizing properties are well
known for their ability to interfere with the early phase of
inflammatory reactions, namely the prevention of the release
of phospholipases that triggers the formation of
inflammatory mediators [74]. The results indicated that all
the fractions contained principles that protected and stabilize
the erythrocyte effectively. However, the crude methanolic
extract exhibited and provided highest protection against
induced lyses and all the fractions and the methanolic crude
extract showed dose dependent membrane stabilizing
activity across the concentration ranges.

During inflammation, lysosomal hydrolytic enzymes are
released into the sites of tissue damage which further cause
damages to the surrounding organelles and tissues with
attendant variety of disorders [75]. Such damage is
undesirable because they inflict pains and cause discomfort.
To arrest this anomaly, various methods were employed to
screen and to study drugs, chemicals, herbal preparations
that exhibit anti-inflammatory properties or potentials. Such
techniques include uncoupling of oxidative phosphorylation
(ATP biogenesis linked to respiration), inhibition of
denaturation of protein, erythrocyte membrane stabilization,
lysosomal membrane stabilization, fibrinolytic assays and
platelet [76]. In this present study, stabilization of
erythrocyte membranes exposed to both heat and hypotonic
induced lyses were employed due to their simplicity and
reproducibility.

The activities of the membrane stabilization activity of the
various fractions of the methanolic extract of K. africana
were investigated and the results were compared with the
standard anti-inflammatory drug lbuprofen. All but the
ethylacetate fraction demonstrated biphasic mode of
protection implying that they do not have consist pattern of
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protection. Their modes of protection increased and
decreased at the different concentrations tested. However,
the mode of protection of the ethylacetate fraction was
perfectly monophasic as the mode of protection increased
with increase in concentration.

Crude extract showed highest membrane stability of 99.73
+ 0.13% at 0.25 mg/ml and the least stability at 0.1 mg/ml
with percentage stability of 70.17 £ 2.01%. The aqueous
fraction had the highest activity of 77.24 + 1.31% at 0.3
mg/ml. The ethylacetate which stood out from all other
fractions for being the only monophasic fraction
demonstrated its highest activity at 0.3 mg/ml with
percentage stability of 77.19 + 0.80%. The butanol fraction
protected most at 0.15 mg/ml with percentage stability of
80.43 + 4.12%; however as the concentration was increased
further, it dropped down to 71.76 + 1.03%. The hexane
fraction showed the least protection of all the fractions
evaluated. The highest percentage stability was
70.64 + 4.46% at 0.20 mg/ml and at concentration above or
below this was found to be toxic.

The standard anti-inflammatory  drug  Ibuprofen
demonstrated biphasic mode of protection at various
concentrations tested. It demonstrated highest activity at
lowest concentration (0.05 mg/ml) with percentage stability
of 67.16 + 1.88% but demonstrated signs of toxicity when
the concentrations were increased. All the fractions
including the crude extract of the K. africana demonstrated
higher membrane stabilization potentials than the standard
used and so, the plant should be explored for more
anti-inflammatory  properties. Therefore, the highest
percentage stability of the crude extract could be due to the
presence of certain phytochemicals such as saponins, cardiac
glycosides, tannins and flavonoids which have been reported
to possess profound membrane stabilizing activity on
lyzosomal membrane. The tannins and saponins were
reported to protect the erythrocyte membrane by binding to
cations and other biological macromolecules [77]. The
monophasic mode of protection of ethylacetate fraction on
the other hand could be due to the presence of high
concentrations of flavonoids and polyphenols which have
been reported to possess strong anti-inflammatory and
antioxidant activities mainly by inhibiting some of the free
radical generating processes in the biological system.

The study indicated that crude methanolic extract,
aqueous and ethyl acetate fractions provided highest
protection against induced lyses. The activities of the extract
and fractions were higher than that of the standard drug,
ibuprofen even at lower concentration ranges. The
erythrocyte is analogous to the lysosomal membrane and its
stabilization implies that the extract may stabilize the
lysosomal membrane too. The stabilization of lysosomal
membrane is crucial in reducing or limiting the inflammatory
response by preventing the release of the activated neutrophil,
which can cause tissue damage upon extra cellular release
[77]. Majority of the non- steroidal drugs had been
characterized for their possession of anti-inflammatory
potency and activity. The broad therapeutic effects of

flavonoids can be largely attributed to their antioxidant
properties. In addition to an antioxidant effect, flavonoid
compounds may exert protection against any disease through
the inhibition of cyclooxygenase and lipoxygenase activities
in platelets and macrophages [78].

In this report, oral administration of arsenic caused a
marked decrease in the levels of serum testosterone, FSH and
LH levels. There was significant reduction in the serum
hormonal levels in the toxicant group compared to the
control, while there was slight increase in LH level in the
extract/fraction treated groups up to the level in the control
group. Remarkably, the level of both FSH and testosterone
were significantly reduced at lower and higher doses of
extract/fraction in the treated groups. This result is in
accordance with a study conducted by [79]. Arsenic
suppressed serum testosterone, FSH and LH along with
testicular spermatogenesis indicating that arsenic acts at all
levels of reproduction. FSH is the prime regulators of germ
cell development. Testosterone was significantly decreased
in all treated groups at lower and higher doses. This
significant decrease in testosterone level may be as a result of
direct damage of arsenic to leydig cells, which are the main
sites of testicular androgen biosynthesis. Heavy metals are
able to block or activate the steroid hormone receptors and/or
to affect the level of sex hormones, thereby potentially
affecting the development or growth of the male
reproductive system [80]. The luteinizing hormone (LH) is
glycoprotein released by the anterior pituitary; it stimulates
testosterone production by leydig cells of the testes in males.
Hypothalamic control of LH appears to be by a common
releasing hormone; gonadoliberin (GnRH), with negative
feedback control at the hypothalamic level by testosterone in
the male [81]. The result revealed that exposure to arsenic (4
weeks) did not exert appreciable changes in LH and FSH
levels in both lower and higher dose groups. There was an
insignificant decrease in FSH and LH. This may cause
changes in the pattern of the steroidogenic enzymes 3p-
hydroxysteroid dehydrogenase and 17 B-hydroxysteroid
dehydrogenase leading to inhibition of testicular androgen
biosynthesis in adult rats, which is required for
spermatogenesis in seminiferous tubules and sperm
maturation in the epididymis [81]. A proposed mechanism
that could explain arsenic induced toxicity, is blocking
gonadotropin production and/or release by the pituitary,
thereby testosterone by leydig cells is not stimulated, causing
spermatogenesis arrest. This mechanism is supported by [82]
who reported that the alteration of LH led to destruction of
seminiferous epithelium and loss of germinal elements
results in the reduction of the number of spermatids, sperm
production in the testes as well as increase abnormality of
sperms [83].

Reduced Glutathione (GSH) is one of the most abundant
antioxidant in cells has been found to decrease during
apoptosis [84]. Reduced glutathione has been hypothesized
to play a role in the rescue of cells from apoptosis, by
buffering an endogenously induced oxidative stress [85]. In
this study, a decrease in reduced glutathione levels in the
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arsenic intoxicated animals may be responsible for enhanced
lipid peroxidation via oxidative stress. But administration of
test fraction of the plants increased the level of GSH,
ameliorating the toxicity. Also, there was a decrease in the
GSH activity in brain of arsenic treated in the study; showing
that the brain cells may be at particular risk for oxidative
stress. The brain derives its energy almost exclusively from
oxidative metabolism through mitochondrial respiratory
chain, and is relatively deficient in protective mechanisms
compared to other tissues [86]. Arsenite interacts with thiol
groups; thus, it can be directly toxic by blocking essential
sulfhydryl groups of proteins and enzymes. This kind of
binding can perturb the enzymes involved in carbohydrate
metabolism and may alter the intracellular signaling
mechanism [86]. Glutathione peroxidase an oxidative
enzyme considered important in the decomposition of
hydrogen peroxide, catalase decomposes hydrogen
peroxides and protects the tissue from highly reactive
hydroxyl radicals. The decreased activity of SOD, GPx and
CAT in the tissues of arsenic-treated rats may be due to high
concentration of free radicals generated by arsenic
intoxication which may lead to decreased level or
inactivation of these endogenous antioxidant enzymes.
Treatment with extracts, vitamin C and fraction of
K.africana significantly (p<0.05) increased the levels of
SOD, GPx and CAT activities and thus, this result suggests
that fraction ofK. africana contains free radical scavenging
activity due to the presence of phenolic compounds, which
could exert beneficial action against oxidative stress.

Sperm count is one of the most sensitive tests for
monitoring spermatogenesis and it is highly correlated with
fertility. The result showed that there was reduction in the
sperm count of all the treated groups. Histological structure
of the testes appeared to confirm this, where it revealed
degeneration and atrophy in some of the somniferous tubules
associated with low luminal spermatozoa concentration.
Also, there was reduction in the motility; the decrease in
sperm motility after oral administration of arsenic may be
due to androgen insufficiency which causes impairment in
testicular functions by altering the activities of the enzymes
responsible for spermatogenesis [87]. Abnormal sperm form
percentage was significantly increased in all treated groups;
showing effects of arsenic to somniferous tubules as shown
by histological examinations of the testes of the treated rats.

The testicular fluid contains both stimulatory factors as
well as inhibitory factors that selectively alter the protein
secretions [89]. Administration of arsenic in rats in this study
led to reduction of protein concentration in testes, serum and
brains of the animals compared to control. This reduction in
protein synthesis might be responsible for the reduction in
spermatogenesis [89]. But an appreciable high level of
protein was seen with treatment with fractions of the K.
africana. Thus it appears that the extract/fraction of K.
africana has ability to restore protein synthesis.

Sperm cell utilizes metabolic pathways for the production
of energy. The decrease in alkaline phosphate activity
indicated that arsenic treatment produced a state of decreased
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steroidogenesis where the intracellular transport will be
reduced as the metabolic reactions to channelize the
necessary inputs for steroidogenesis slowed down [90]. Acid
phosphatases are enzymes capable of hydrolyzing
orthophosphoric acid esters in an acid medium. Testicular
acid phosphatase is up-regulated by androgens and is
down-regulated by estrogen [91]. Activities of free
lysosomal enzymes have been shown to rise when testicular
steroidogenesis is increased. The results of the ACP assay in
arsenic treated rats showed significant decrease in its activity
in this study though not significant; but an elevated level was
recorded in the fraction-treated rats. This supports previous
studies that arsenic exposure leads to gonadotoxicity swith
decreased activity of ALP and ACP [92]. Also, the result of
this study showed significant decrease (p<0.05) in LDH
activity in arsenic and K. africana treated groups. Testicular
LDH is an essential component of the metabolic machinery
of spermatozoa and is involved in the energy generation
process for sperm motility [93]. The decrease in LDH
activity implies a reduction in LDH activity in testicular
tissues. The recorded decrease in LDH activity in arsenic
treated rats probably indicates the interference of arsenic
with the energy required for metabolism in testicular tissues.
Arsenic substitutes phosphate intermediates, which could
theoretically slow down the rate of metabolism and interrupt
the production of energy [16]. G6PDH is used as an indicator
of energy metabolism; it is involved in glucose metabolism
and generates the cellular reductant, NADPH via the hexose
monophosphate shut pathway (HMSP), which is utilized by
glutathione reductase for the synthesis of glutathione. Thus
the observed decreased in G6PDH levels in the treated
groups may account for the significant reduction in GSH
level due to reduced level of NADPH which are needed for
glutathione synthesis.

The decrease in changes in body weight and consequent
increase in testicular organs weights seen in arsenic -induced
control group was considered to be as a result of direct
toxicity of arsenic and/or indirect toxicity that lead to
damage. This indicates that, arsenic may have induced
atrophy of the cells of these organs as well as elicit
remarkable tissue damage [94] which may have led to the
observed effects on the body and organ weights of these
animals. However, all the induced treated groups
experienced a significant increase in body weight changes as
well as reduced change in organ weights, suggesting the
possible curative effects of the fraction of K. africana against
testicular gonads damage [95].The decrease in relative
weight of the accessory sexual organs of the rats may be due
to reduced tubule size, spermatogenic arrest and inhibition of
steroid biosynthesis of leydig cells, which reflect the degree
of degeneration caused by the toxicant; due to lower
bioavalability of androgens [96].

Histological study of the testes showed well arranged
seminiferous tubules with distinct interstitial in control rats.
The testicular tissue appears normal with full complement of
spermatozoa concentration and spermatogenic cell line
(spermatogonia, spermatocytes and spermatids). There was
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varying degree of cellular degeneration within the
seminiferous tubules and interstitial in rats challenged with
cadmium which was marked in rats treated with arsenic
alone. There was also marked destruction of germ cells and
seminiferous tubules in rats treated with arsenic and fraction
of K. africana with little or partial restoration of the
peripherial tissues. This damage was characterized by
necrosis and destruction of the complete loss of the
seminiferous tubules without any restoration, indicating the
reduced ability of the testes to synthesize androgen necessary
for spermatogenesis and spermiogenesis due to damage to
the germ cells. The study concluded that treatment of rats
with arsenic induces toxicity to the testes and impairs male
reproduction, as it produces degenerative changes in the
germ cells and inhibit androgen production acting primarily
at the level of pituitary to inhibit the release of LH and FSH
while the extract and fraction of K. africana at the doses
considered did not have any protective effects on the testes.
This may be due to short period between the time of
administration and sacrifice of the animal; perhaps if more
time had been allowed, there would have been more
pronounced protective effect to the seminiferous tubules.
Therefore K.africana may not likely be an agent in sexual
dysfunction treatment.

Though, the plant is used as an aphrodisiac in stimulating
sexual desires and turgidity, cares must be taken; as it might
have possibly negative effects on the male reproductive
hormones and germ cell development. Further research is
required to establish the exact bioactive compounds
responsible for this activity and to shed more light on any
demonstrated effects of K.africana extracts on other
associated male reproductive organs like prostate gland and
seminal vesicle, a target organ for androgen as this may
assist in the elucidation of action against gonadal toxicity.
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