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ABSTRACT: The antioxidant, cholinergic, monoaminergic, and purinergic activities of flavonoid-rich extract from Dalbergiella welwitschii leaf
(FEDW) were investigated on oxidative testicular injury (ex vivo) due to the local report on the use of this plant as anti-testicular injury. Flavonoid
extract was obtained from FEDW using a standard procedure. Five male albino rats were used, testes harvested and incubated with FeSO,
for accessing the cholinergic, monoaminergic, and purinergic activities of the FEDW (ex vivo). Testicular tissues incubated with FeSO, demon-
strated a significant decrease in antioxidant biomarkers, arginase, ATPase, ENTPDase, 5'-nuclectidase, and PDE-5 activities, as well as Zn and
sialic acid levels with an upsurge in malondialdehyde (MDA), and NO levels, myeloperoxidase, cholinesterases, monoamine oxidase (MAO),
and angiotensin-converting enzyme (ACE) activities. Treatment of testicular tissues incubated with FeSO, via different concentrations of FEDW
significantly increased the activities of antioxidant, arginase, ATPase, E-NTPDase, 5'-nuclectidase, phosphodiesterase-5 (PDE-5), as well as Zn
and sialic acid levels with a significant decrease in MDA, nitric oxide (NO), myeloperoxidase, cholinesterases, MAO, and ACE levels. Molecular
docking revealed the molecular interactions of cyclooxygenase-2 (COX-2) with ellagic acid, piperine, and caffeine with piperine and caffeine
obeyed the druggability and pharmacokinetic. These findings point to FEDW as a possible potential for the treatment of oxidative testicular injury.
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Introduction
The majority of problems that endanger the male reproductive
systems, particularly testicular function, are linked to free radi-
cal-induced oxidative stress. Life-threatening free radical
attacks can cause arterial occlusion, severe damage to reproduc-
tive cells, and, as a result, defects in spermatogenesis.! This is
due to the high concentration of unsaturated fatty acids in the
testes and sperm cells, which are vulnerable to peroxidative
damage.? In other words, oxidative stress is linked to a rise in
the production of free radicals and peroxidants, and a weak-
ened antioxidant defense system.3

In other words, Erukainure et al* documented that the tes-
tes contain a variety of antioxidant systems composed of both
enzymatic and non-enzymatic components. Conversely, in the
presence of abundant free radicals, the antioxidant system is

screwed, resulting in oxidative stress, which is disadvantageous
to male fertility. Also, testicular oxidative damage is related to a
decline in antioxidant activities and an increase in proinflam-
matory cytokines (COX-2, IL-1, etc) as a result of testicular
inflammation, which results in a decrease in testosterone pro-
duction and spermatogenesis.’>°

Cholinergic proteins have been shown to perform a crucial
role in testicular function and fertility, as evidenced by their
expression in Leydig and Sertoli cells.” Acetylcholine, for
example, plays an important role in regulating Leydig cell
functions; its deficiency causes increased acetylcholinesterase
activity, which is a key factor in testicular dysfunction.® Besides,
abnormal testicular activities of both purinergic and monoam-
inergic have been documented as a key repressor of spermato-
genesis and impotence in males.” Hence, controlling of these
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enzyme activities can serve as an important factor in manag-
ing/treating male infertility.1

Because of their accessibility, affordability, and availability,
medicinal plants have been utilized to treat and manage a vari-
ety of conditions all over the world.1%12 Male fertility difficul-
ties such as sperm abnormalities, erectile and ejaculatory
dysfunctions, sexual asthenia, and low libido have all been
treated and managed using several of these herbs.! These are
attributed to their wide spectrum of phytochemicals.!3

Dalbergiella welwitschii is a shrub that is also known as
blackwood in West Africa and Elemosoo among Yoruba-
speaking communities in Nigeria.'* D welwitschii leaves are
used in folklore to treat cutaneous and subcutaneous parasitic
infections.!* Ofodile et al'® reported the anthelmintic thin layer
chromatographic fractions of the leaves of the herbal plant D
welwitschii. It is also used locally in the management/treatment
of oxidative stress diseases with little or no scientific backing.
Due to this, the present study aimed to examine the inhibitory
effect of D welwitschii leaves on cholinergic, monoaminergic,
and purinergic enzyme activities.

Materials and Methods

DPlant materials source, authentication, and
processing

D welwitschii leaves were collected in an open location at the
Federal Research Institute of Nigeria in Ibadan, Oyo State,
Nigeria. Mr Odewo, S.A., a senior taxonomist at the Federal
Research Institute of Nigeria (FRIN), Ibadan, Nigeria, identi-
fied and authenticated the plant with voucher number FHI:
113156. Hence, D welwitschii leaves were dried for 2 weeks at
room temperature. An electric blender was used to grind the
air-dried leaves into powder.

Chemicals and reagents

Alcoholic solution of DPPH, butylated hydroxytoluene
(BHT), ABTS solution, potassium persulfate, methanol,
sodium nitroprusside, Griess reagent, naphthyl ethylenedi-
amine dichloride, galantamine, acetylthiocholine iodide,
DTNB (5,5’-dithiobis-2-nitrobenzoic acid), buffer-MeOH,
10% TCA, Ellman’s reagent, diethylenetriaminepentaacetic
acid (DETAPAC), 6-hydroxydopamine (6-HD), H,O,,
sodium phosphate buffer, ammonium molybdate, 8.1% SDS
solution, 0.25% thiobarbituric acid (TBA), KCl, 1.25%
ammonium-molybdate, Tris-HCl buffer, ascorbic acid,
CaCl,, EDTA, glucose, sucrose, ATP, MgSO,, and AMP
GmbH

(Steinheim, Germany), while all the reagents used were of

were acquired from Sigma-Aldrich, Chemie

analytical grade.

Extraction of flavonoid from D welwitschii leaf

The powder was defatted in 95% methanol, then 30 g of the resi-
due was dissolved in 200 mL of 10% H,SO, and hydrolyzed in a

water bath at 100°C for 30minutes. The flavonoid aglycones
were precipitated by placing the mixture on ice for 15 minutes.
After that, the flavonoid aglycones were dissolved in 50mL of
95% ethanol, filtered, and concentrated using a rotary evapora-
tor.’ The sample was then named FEDW.

In vitro antioxidant

Determination of 2-diphenyl-1-picrylhydrazil (DDPH) scaveng-
ing ability. The approach of Atolani and Olatunji'” was used
to determine this free radical scavenging activity. 500 pL of 0.3
mM alcoholic DPPH solution was applied to 2.5mL of test
samples at various doses. The samples were incubated in the
dark for 30 minutes before being measured with a UV-visible
spectrophotometer at 518 nm. As a positive control, butylated
hydroxytoluene (BHT), a synthetic antioxidant, was used. The
studies were done in triplicates, and the scavenging activity was
calculated as a percentage inhibition using the formula

% Scavenging = (| AbS ABS s, |/ ADS 0 ) 100

control

wher € Ab Scontro

means absorbance of the sample.

; means absorbance of the control and AbS,,, .\

Determination of 2,2-Azino-bis-3-ethylbenzothiazoline-6-sul-
fonate (ABTS) scavenging ability. The ABTS reagent was first
dissolved to a concentration of 7 mM via deionized water, and
then a freshly prepared solution of 2.45 mMM potassium persul-
fate was added at a 1:1 ratio and stored in the dark for 24 hours.
After that, the ABTS solution was diluted in methanol at 1:25.
Hence, 20 pL of samples (diluted 1:10) were mixed with 2mL
of ABTS™ solution, which was maintained at 30 °C. The
absorbance was measured at 734nm, 10 minutes after mixing
the solution.'® All of the tests were done in triplicate

ABTS (%) = 100x[(4és,,,,, — Abs,,,,.)1./ (4bs,,,,.,)

ADbS o1 means absorbance of the control while Abs,,;.

means the absorbance of the sample.

Determination of nitric oxide scavenging assay. The method
outlined by Ebrahimzadeh et al'® 2mL of the extracts at vari-
ous concentrations were incubated for 2 hours at 27°C with
0.5mL sodium nitroprusside. Then 1mL of the incubated
solution was aliquoted and added with 0.6 mL Griess reagent
in 20% glacial acetic acid at room temperature for 5minutes
with 1mL of naphthyl ethylenediamine dichloride. The
absorbance was immediately measured at 550 nm.

Animals

Five male Wistar rats weighing 220 to 250 g were obtained
from Afe Babalola University Animal Holding Unit,
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Ado-Ekiti, Ekiti State, Nigeria. The rats were fasted for 24
hours before sacrificed with halothane. The testes of each ani-
mal were harvested, washed in 0.9% NaCl solution, and
homogenized in sodium phosphate buffer (50 mM; pH 7.5;
with 10% Triton X-100). Using the procedure described by
Salau et al?® the homogenized tissues were centrifuged at
22000g for 10 minutes at 4°C (2020). Supernatants were col-
lected in 2mL Eppendorf tubes for ex vivo experiments, stored
at -4°C, and named as sample. Approval was granted and
selected animals were handled in accordance with the approval
of the Animal Ethics Committee of Federal University Oye-
Ekiti, Ekiti State, Nigeria which was strictly followed.

Ex vivo studies. A known volume (100 pL) of an aliquot from
each prepared concentration of FEDW (31.25-1000 pg/mL)
was incubated at 37°C for 30 minutes with 100 pL of testicular
tissue homogenates and 30 pL of 0.1 mM FeSO,. The tissues
incubated in the absence of a FEDW (only 30 puL of 0.1 mM
FeSO,) were considered untreated. Whereas testicular tissues
that were not exposed to 30 pL of 0.1 mM FeSO,, as well as an

FEDW were named as the control (normal).*

Oxidative stress biomarkers. Reduced glutathione (GSH) level
was determined using the method of Ellman.?! The catalase
(CAT) activity of the testes was assessed using Aebi.?? The
procedure outlined by Kakkar et al?® was used for assessing
superoxide dismutase (SOD) activity while the Paglia and Val-
entine?* method was employed in evaluating glutathione per-
oxidase activity. The level of lipid peroxidation measured using
malondialdehyde (MDA) was carried out by Chowdhury and
Soulsby.?®

Proinflammation

Determination of nitric oxide (NO) level. 100 pL of the sam-
ple was left at 25°C for 30 minutes using a dark cupboard; in
addition, an equal volume of Griess reagent was then mixed to
the solution. At 548 nm, absorbance was measured.2¢

Determination of myeloperoxidase activity. For 10minutes,
100 pL of the sample was added to 100 pL of KCI and 25
pL of H,O,. After that, 50 pL. of ammonium molybdate was
added to the solution and left for 5 minutes at 25 C. At 405 nm,

absorbance was read.?”

Cholinergic

Determination of acetylcholinesterase (AChE) inhibitory activ-
izy. Ellman et al?® method was used in this assay. Briefly, 20 pL
of the sample was left for 20 minutes at 25°C with 10 uL. Ellman’s
reagent and 50 uL of phosphate buffer. After that, 10 uL of ace-
tylcholine iodide or butyrylcholine iodide was added to the mixture.
Thus, at 3-min intervals, the absorbance was read at 412nm.

Monoaminergic
Determination of monoamine oxidase (MAQO) activity. A
mixture of 0.025 M phosphate buffer, 0.0125 M semicarbazide,

10mM benzylamine, 75 uL. of MAO reagent, and 31.25 to
1000 pg/mL of the testicular homogenate were incubated
for 30 min. Thereafter, acetic acid was mixed with a solution,
boiled for 3min in a water bath before centrifugation. Then
1mL of the supernatant was added to the same volume of
2,4-DNPH and 1.25 mL of absolute benzene was added and
incubated for 10 min at 25°C. This formed a benzene layer and
separated; subsequently the same volume of 0.1 N NaOH was
added, which formed an alkaline layer that was decanted and
subjected to heat at 80°C for 10min. At 450 nm absorbance
was read via a spectrophotometer.?’

Determination of arginase activity. A total volume of 250
pL of Tris-HCI buffer, 250 uL. of manganese chloride, 0.1 M
arginine solution, 200 pL. of FEDW leaf, and 100 pL of FeSO,
exposed testicular homogenate. The mixture was incubated in
a water bath for 15 minutes at 37°C and finally, 2.5 mL of Ehr-
lich reagent was added. After 25 minutes at 450 nm the absorb-
ance was measured.3°

Purinergic enzyme activities

Determination of ATPase activity. Erukainure et al3! was
used in this assay; 200 pL of the samples were combined with
200 pL of 5 mM KCI, 1300 pL of 0.1 M Tris-HCI buffer, and
40 pL of 50 mM ATP. In a shaker, the solution was shaken for
30minutes at 37°C. To stop the reaction, 1 mL distilled water
and 1mL ammonium molybdate were added, respectively.
After that, 1 mL of freshly made 9% ascorbic acid was added,
and the combination was allowed to sit at room temperature
for 30 minutes. The amount of inorganic phosphate (Pi) liber-
ated/min/mg was estimated as the ATPase activity was meas-
ured at 660 nm.

Determination of ENTPDase activity. The procedure previ-
ously described by Schetinger et al3? was employed. In brief,
20 pL of the sample was left at 37°C for 10 minutes with 200
pL of reaction buffer. The reaction mixture was then added 20
pL of 50 mM ATP and agitated for 20 minutes at 37°C. After
stopping the reaction with 200 puL of 10% TCA, the reac-
tion was incubated in ice for 10 minutes with 200 L of 1.25%
ammonium molybdate and freshly prepared 9% ascorbic acid.
At 600 nm, the absorbance was measured.

Determination of 5'-nucleotidase activity. 20 uL of tissue
sample were treated for 10 minutes at 37°C with 100 pL of
10 mM MgSO, and 100 mM Tris-HCI buffer. Then, 2 mM
AMP was added to the mixture and incubated at 37°C for
10 minutes. The reaction was halted using 200 pL of 10%
TCA and allowed to cool on ice for 10 minutes. At 600 nm, the
absorbance was read as reported by Heymann et al.33

Determination of phosphodiesterase-5 (PDE-5). PDE-5
activity was carried out using the procedure outlined by Oboh
et al.3* The reaction solution containing 300 pL of 5 mM of
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p-nitrophenyl phenyl phosphonate, sample (ie, testicular tes-
tes exposed to FeSO,), 250 pL of Tris buffer, and 250 pL of
FEDW leaf (at different concentration) were placed in a water
bath for 15 minutes at 37°C. Then the mixture was incubated
for 10 minutes and the amount of p-nitrophenol formed was
measured at 400 nm.

Determination of angiotensin-I-converting enzyme (ACE).
Varying concentrations of the flavonoid-rich extract from D
welwitschii leat as well as 50 pL. of FeSO, testicular homogen-
ate were pre-incubated at 37°C for 10 minutes. Later, 200 pL
of 8.33 mM ACE substrate in 125 mM of Tris-HCI buffer
(pH 8.3) was added and placed on a water bath at 37°C for
25 minutes. The enzymatic reaction was terminated by adding
300 pL of 1 M hydrochloric acid. This led to the formation of
hippuric acid (Bz-Gly), which was removed by adding 2mL of
ethyl acetate. This mixture was centrifuged to obtain filtrate,
dried and reconstituted, then the absorbance was measured at
228 nm.3*

Determination of zinc level. 'This was done using the procedure
of Homster and Zak.3¢ A known volume of zinc reagent (1000
pL) was pipetted into a test tube labeled blank, standard, and
sample (using different concentrations of FEDW). Then, 50
pL of sample and standard reagent were added separately into
the respective test tube. Thereafter the solution was incubated
for 5 minutes at 37°C, and the absorbance was evaluated at 560
nm as

Zinc level ( ng/ dL) =A A /A

X standard concentration

A blank

sample standard

where A, is the absorbance of the sample, Ay, is the
absorbance of the blank, and A, ,..4 is the absorbance of the
standard.

Determination of sialic acid. Briefly, 0.1 mL of distilled water,
sample (at different concentrations of FEDW) and standard
were pipetted into 3 test tubes named blank, sample, and stand-
ard. Thus, 4mL of sialic reagent was added to each test tube
and thoroughly mixed. Then, each test tube was incubated at
100°C for 15 minutes, cooled under running water, then centri-
fuged at 2325g for 10minutes. The supernatant was taken
from each tube and the absorbance measured at 560 nm using
a UV spectrophotometer as

Sialic acid (mmol /mg protein) = Asample — Ablank
/ Astandard — Ablank
X Std Conc X DF / mg prot

where Asample=absorbance of sample, Astandard=absorb-
of blank, Std

Conc=standard concentration, DF =Dilution factor, and mg

ance of standard, Ablank=absorbance

prot=mg protein.?’

RP-HPLC characterization of flavonoid-rich
extract from D welwitschii leaf

RP-HPLC analysis was done in gradient mode at room tem-
perature (28°C-32°C). Chromatographic analysis was per-
formed on a Bandapak C18 reversed-phase column (250 mm
4.6 mm) packed with 5-m diameter particles; the mobile phase
was acetonitrile: water (60:40 v/v) stabilized with ethyl acetate.
This mobile phase was ultrasonically deaerated and filtered
through a 0.45-m membrane filter (millipore) before use. The
injection volume was 10 pLL and the mobile phase flow rate was
1mL/min. In the FEDW leaf, several chemicals were discov-
ered using appropriate detection wavelengths. By comparing
the retention time (Rt) and UV spectra of the analytes with
those of the reference standards, the chromatographic peaks of
the analytes were confirmed. Following the analytical proce-
dure, all chromatographic processes were performed at room
temperature.8

In silico study

Receptor protein. The 3-dimensional structure (3D) of human
cyclooxygenase-2 (COX-2) (PDB ID: 5IKT) was recovered
from the protein data bank repository (www.rcsb.org).

Preparation of protein. This was accomplished with the help of
Maestro’s wizard version 11.5. Bond orders were assigned to
the protein, missing hydrogen atoms were added, and water
molecules beyond 5 were deleted. For optimizing the corrected
structure, the proteins were refined by H-bond assignment via
PROPKA (at pH: 7.0). Finally, using the OPLS3 force field,
the corrected protein structure was minimized by converting
heavy atoms to RMSD 0.30.37 In addition, the receptor grid
file was created by selecting the native ligand within the active
site to generate coordinates.

Bioactive compounds retrieval. The five bioactive compounds
in Table 1 were obtained from the flavonoid-rich extract of D
welwitschii leaf. PubChem (https://pubchem.ncbi.nlm.nih.
gov/) was used to retrieve the chemical structure of ellagic
acid, gallic acid, caffeine, piperine, and homoharrington in
structure-data file (SDF) form. Hence, these compounds
were grouped and prepared by Ligprep panel to produce the
corresponding low-energy 3D structures for use by programs

such as Glide.

Extra precision (XP) docking, prediction of the compounds’ drug-
gability and pharmacokinetics properties. The five compounds
were docked against SIKT (Cyclooxygenase-2) using extra
precision docking. In addition, the five secondary metabolites
obtained from the flavonoid-rich extract from D welwitschii
leaf were screened for drug-likeness via Lipinski, Ghose, Veber,
and Egan rules. In addition, the gastrointestinal (GI) absorp-
tion and effect on CYP450 principal isozyme were predicted
by the SWISSADME server on the compounds.
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Statistical analysis

The data were analyzed using 1-way analysis of variance
(ANOVA) and presented as mean = standard deviation (SD).
Using Tukey’s multiple range post hoc test, significant differ-
ences between means were obtained at P<.05.

Results

Inhibitory ability of flavonoid-rich extract from D
welwitschii leaf on DPPH, ABTS, and NO

As shown in Figure 1, there was no significant (P>.05) differ-
ence in the DPPH inhibitory ability of flavonoid-rich extract
from D welwitschii leaf (FEDW) and butylated hydroxytolu-
ene (BHT) (the standard used) at 7.8125 and 15.625 pg/mL
concentrations. However, at concentrations of 31.25 to 1000
pg/mL there was a significant (P<.05) difference in the
DPPH ability of FEDW and BHT.

There was a significant (P<<.05) difference in ABTS ability of
FEDW and BHT in all the concentrations (7.8125-1000 pg/mL)
(Figure 1). In addition, there was no significant (P>.05) difference
in the nitric oxide (NO) inhibitory ability of FEDW and BHT at
7.8125 to 62.5 pg/mL concentrations, whereas a significant (P<<.05)
difference was exhibited in the NO inhibitory ability of FEDW and
BHT at 12.5 to 1000 pg/mL concentrations (Figure 1).

Oxidative biomarkers of flavonoid-rich extract

from D welwitschii leaf in oxidative testicular

injury

In Figure 2, there was a significant (P<<.05) decline in SOD
activities of untreated rats compared with normal and FeSO,
incubated testicular tissues treated with different concentra-
tions (31.25-1000 pg/mL) of FEDW. FEDW at concentra-
tions of 31.25 to 62.5 pg/mL exhibited a noticeable difference
when compared with control, untreated, and other concentra-
tions of FEDW. FEDW at a concentration of 1000 pg/mL
exhibited a significant (P<.05) increase in the SOD activity,
compared with untreated, control, and other concentrations of
the extract.

The activity of CAT in the untreated was significantly
(P<.05) decreased when compared with both control and
different concentrations of FEDW (Figure 2). Also, the
activity of CAT in FeSO, incubated testicular tissues, treated
with FEDW at concentrations of 31.25 to 12.5 pg/mL, was
not significantly (P> .05) different from each other, but sig-
nificantly (P < .05) different from concentrations (Figure 2).
Testicular tissues incubated to FeSO, treated with 250 to
500 pg/mL concentrations of FEDW exhibited no signifi-
cant (P>.05) difference with control, while those treated
with 1000 pg/mL demonstrated a significant (P<.05) rise
when compared with control, untreated, and other concen-
trations of FEDW (Figure 2).

The untreated exhibited a significant (P<.05) decrease in
GSH and GPx-specific activities when compared with control

Table 1. HPLC characterization of flavonoid-rich extract of
Dalbergiella welwitschii leaf.

COMPOUNDS QUANTITY (MG/G)
Ellagic acid 5.506 = 0.01
Gallic acid 1.327 =0.01
Vincamine 0.089 +0.02
Caffeine 1.532 +0.01
Galantamine 0.131 £0.01
Quinine 0.089 +0.02
Furostan 0.134+0.01
Piperine 1.468 £0.01
Homoharrington 5.810 = 0.01
Pyrogallic acid 0.185+0.02
Psilocin 0.127 +0.01
Chelerythrine 0.228 =0.01
Vincamine 0.214 £0.01

and all the concentrations of FEDW. The testicular tissues
exposed to FeSO, treated with 31.25 to 250 pg/mL concentra-
tions of FEDW exhibited no significant (P>.05) difference in
GSH and GPx-specific activities but showed a momentous
difference when compared with control, untreated, and other
concentrations of FEDW. The FEDW at 1000 pg/mL con-
centration revealed a significant (P<<.05) increase in GSH and
GPx-specific activities (Figure 2).

Also, in Figure 2, there was an (P<.05) increase in the
MDA level of untreated compared with others. However, tes-
ticular tissues incubated with FeSO, treated with 31.25 to 125
pg/mL  concentrations of FEDW showed no significant
(P>.05) difference in MDA level but revealed a significant
(P<.05) difference when compared with untreated, control,
and other concentrations of FEDW. Furthermore, FEDW
concentrations of 250 to 1000 pg/mL were not momentously
different from control.

Pro-inflammation biomarkers of flavonoid-rich
extract from D welwitschii leaf in oxidative
testicular injury

In Figure 3, there was an upsurge in the activity of myeloper-
oxidase of untreated compared with others. Testicular tissues
incubated with FeSO, treated with 31.25 to 250 pg/mL con-
centrations of FEDW were significantly (P<<.05) different
from control, untreated, and other concentrations of FEDW.
FEDW at concentrations of 500 to 1000 pg/mL was not

momentously different from control. Moreover, there was a rise
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Figure 1. Inhibitory ability of flavonoid-rich extract from Dalbergiella welwitschii leaf on DPPH, ABTS, and NO.
Data were expressed as mean = SD, n=3.

#P <.05 vs the FEDW.

BHT indicates butylated hydroxytoluene; FEDW, flavonoid-rich extract of Dalbergiella welwitschii leaf.
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Figure 3. Pro-inflammation biomarkers of flavonoid-rich extract from Dalbergiella welwitschii leaf in oxidative testicular injury.

Data expressed as mean + SD, n=5.
#P < .05 vs the control, *P < .05 vs the untreated.
NO indicates nitric oxide.

in untreated nitric oxide levels when compared with control
and different concentrations of FEDW. Testicular tissues incu-
bated with FeSO, treated with FEDW at concentrations of
31.25 to 62.5 pg/mL exhibited a noticeable difference when
compared with control, untreated, and other concentrations of
FEDW, whereas FEDW at concentrations of 125 to 1000 pg/
mL were not significantly (P>.05) different from control.

Cholinergic enzyme activities of flavonoid-rich
extract from D welwitschii leaf in oxidative
testicular injury

There was a significant (P<.05) increase in AChE activity of
untreated compared with control and different concentrations
of FEDW. Testicular tissues incubated with FeSO, treated
with 31.25 concentration of FEDW was significantly (P<.05)
different from control, untreated, and concentrations of
FEDW. But testicular tissues incubated with FeSO, treated
with 62.5 to 1000 pug/mL concentrations of FEDW revealed
no significant (P>.05) difference from control (Figure 4).
There was an upsurge in the activity of BChE of untreated
compared with control and different concentrations of FEDW.
Meanwhile, testicular tissues incubated with FeSO, treated
with 31.25 to 1000 pg/mL concentrations of FEDW showed

no noticeable difference with control (Figure 4).

Monoaminergic enzyme activities of flavonoid-
rich extract from D welwitschii leaf in oxidative
testicular injury

The incubation of testicular tissue with FeSO, significantly
(P<.05) eclevated the activity of monoamine oxidase
(untreated) when compared with others. Testicular tissues
incubated with FeSO, treated with 31.25 and 62.5 pg/mL
concentrations of FEDW were not significantly (P>.05) dif-
ferent from each other, but significantly (P<<.05) different

from control, untreated, and other concentrations of FEDW.
There was no momentous difference in monoamine oxidase
activity of FEDW at concentrations of 125 to 1000 pg/mL
compared with control (Figure 5).

Besides, Figure 5 shows a (P<<.05) decline in the arginase
activity (untreated) when compared with control and others.
Testicular tissues exposed to FeSO, treated with 31.25 pg/mL
concentration of FEDW was significantly (P<<.05) different
in arginase activity when compared with control and other
concentrations of FEDW. In addition, testicular tissues incu-
bated with FeSO, treated with 62.5 to 1000 pug/mL concentra-
tions of FEDW showed no significant (P>.05) difference in
arginase activity when compared with control.

Purinergic enzyme activities of flavonoid-rich
extract from D welwitschii leaf in oxidative
testicular injury

Testicular tissues incubated with FeSO, showed a significant
(P<.05) reduction in E-NTPDase activity when compared
with others. However, FEDW at concentrations of 31.25 to
250 pg/mL exhibited a significant (P<<.05) difference when
compared with control and other FEDW concentrations.
Testicular tissues incubated with FeSO, treated with FEDW
at a concentration of 500 pg/mL showed no noticeable differ-
ence in E-NTPDase activity with control. And testicular tis-
sues incubated with FeSO, treated with FEDW at a
concentration of 1000 pg/mL had the highest E-NTPDase
activity (Figure 6).

The induction of oxidative testicular damage with FeSO,
(P<.05) decreased the activity of ATPase (untreated) when
compared with control and FEDW concentrations. Testicular
tissue incubated with FeSO,, treated with 31.25 to 125 pg/mL
of FEDW concentrations, showed a noticeable decrease in
AT Pase activity when compared with control and other FEDW
concentrations. Also, FEDW concentrations at 250 and 500
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Figure 4. Cholinergic enzyme activities of flavonoid-rich extract from Dalbergiella welwitschii leaf in oxidative testicular injury.
Data expressed as mean = SD, n=5
#P < .05 vs the control, *P < .05 vs the untreated.
AChE indicates acetylcholinesterase; BChE, butyrylcholinesterase.
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Figure 5. Monoaminergic enzyme activities of flavonoid-rich extract from Dalbergiella welwitschii leaf in oxidative testicular injury.

Data expressed as mean = SD, n=5.
#P <.05 vs the control, *P <.05 vs the untreated.

pg/mL show no significant (P>.05) difference in ATPase
activity when compared with control. Testicular damage with
FeSO, that received the highest concentration of FEDW had
the highest ATPase activity (Figure 6).

In Figure 6, testicular damage with FeSO, declined the
activity of PDE-5; however, treatment with 31.25 to 250 pg/
mL of FEDW concentrations were significantly (P<<.05) dif-
ferent from control, untreated, and other FEDW concentra-
tions. Treatment of testicular tissues with 500 to 1000 pg/mL
of FEDW concentrations showed no momentous difference in
PDE-5 activity with control.

There was a (P<.05) decrease in the activity of
5’-nucleotidase activity in testicular tissues incubated with
FeSO, (untreated). Treatment of testicular damage with 31.5
and 62.5 pg/mL of FEDW concentrations display a noticeable

difference in 5’-nucleotidase activity when compared with

control, untreated, and other FEDW concentrations. In
another vein, testicular tissues incubated with FeSO, showed
no momentous difference in FEDW concentrations of 125 to
1000 pg/mL of 5’-nucleotidase activity when compared with
control (Figure 6).

The testicular tissues incubated with FeSO, increase the
activity of ACE (untreated) compared with others. Meanwhile,
testicular treatment with FEDW concentrations (31.25-1000
pg/mL) display no difference with control but exhibited differ-
ences with untreated (Figure 6).

Zinc and sialic acid levels of flavonoid-rich extract
from D welwitschii leaf in oxidative testicular

injury
There was a significant (P<<.05) decrease in the levels of zinc
and sialic acid in testicular tissues incubated with FeSO,
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Figure 6. Purinergic enzyme activities of flavonoid-rich extract from Dalbergiella welwitschii leaf in oxidative testicular injury.

Data expressed as mean = SD, n=5
#P < .05 vs the control, *P < .05 vs the untreated.

ACE indicates angiotensin-converting enzyme; E-NTPDase, ectonucleotidase; PDE-5, phosphodiesterase-5.

(untreated). Treatment of testicular damage with 31.5 pg/mL
of FEDW concentration showed a momentous difference in
the levels of zinc and sialic acid compared with control and
untreated. Conversely, treatment of testicular damage with
62.5 to 1000 pg/mL of FEDW concentrations showed no
noticeable difference with the control on the levels of zinc and

sialic acid (Figure 7).

HPLC characterization of flavonoid-rich extract of
D welwitschii leaf

As shown in Table 1 and Figure 8, a total of 13 compounds
were present in the FEDW with homoharrington having the
highest value of 5.810 £ 0.01; this was followed by ellagic acid
(5.506 = 0.01) and the least compounds were quinine and vin-
camine (0.089 + 002).

Molecular docking

The docking scores of ellagic acid, piperine, gallic acid, and caf-
feine are shown in Table 2 against COX-2. Ellagic acid has the
highest docking score of -9.909 Kcal/k], while the least was
caffeine with -5.068 Kcal/mol. Figures 9 to 12 show the 2D
interaction of the ligand with the protein (COX-2). The
molecular interaction displayed hydrogen bonding, pi-pi
stacked, and Van der Waals interactions, among others. Ellagic
acid has H-bond interaction with SER 530, piperine with SER

530 and TYR 385, gallic acid has H-bond interaction with
TYR 385, while caffeine has H-bond interaction SER 530.

Table 3 shows the druggability results of the selected phy-
tochemicals. Only piperine followed all of the rules (Lipinski,
Ghose, Veber, Egan, and Muegge rules). Other phytochemi-
cals were found to have broken one or more of the rules. In
addition, the pharmacokinetic properties of the 4 selected
phytochemicals are presented in Table 4. Ellagic acid, piper-
ine, gallic acid, and caffeine had high GI absorption while
only piperine can cross blood-brain barrier (BBB) permeant.
Also, only piperine can serve as an inhibitor of CYP1A2,
CYP2C19, and CYP2C9. Catffeine, on the contrary, was not
an inhibitor of these cytochrome isoforms. Subsequently,
ellagic acid, piperine, gallic acid, and caffeine were not P-gp
substrates.

Discussion

The toxicity of the testicular tissues might result in male infer-
tility. One of the major health problems globally, especially in
developing countries (eg, Nigeria) is male infertility. There are
different factors that can trigger testicular toxicity, one of which
is oxidative injury.* In this study, in vitro antioxidant ability
(DPPH, ABTS, and NO) (Figure 1) gives the clue for the anti-
oxidant potential of the flavonoid-rich extract of D welwitschii
leaf (FEDW). The scavenging potential of FEDW against
DPPH, ABTS, and NO radicals provide information on the

possible antioxidant nature of the extract.** Hence, the free
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Figure 7. Zinc and sialic acid levels of flavonoid-rich extract from Dalbergiella welwitschii leaf in oxidative testicular injury.

Data expressed as mean = SD, n=5.
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Figure 8. Chromatogram of flavonoid-rich extract from Dalbergiella welwitschii leaf.

radical’s mop-up ability of FEDW might protect the testicular
organs.

Due to the high susceptibility of testicular polyunsaturated
fatty acids (PUFAs) to free radical attack, oxidative stress has
been linked to male reproductive system dysfunction.?¢ The

decrease observed in oxidative stress biomarkers such as GSH,
CAT, SOD, and glutathione peroxidase (GPx) activities with
a concomitant increase in MDA (Figure 2). GSH participates
in many biological processes as an intra- and extracellular
antioxidant.*! It lowers the levels of lipid peroxidation by
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reducing hydrogen peroxide.* GSH is essential in cell defense
against free oxygen radicals and other oxidative species.*!
Hence, a significant increase in GSH activity observed in
FeSO,-exposed tissues treated with different concentrations
of FEDW (particularly at 1000 pg/mL) supports its anti-free
radical effect on testicular tissues. CAT is a tetrameric enzyme
that translates hydrogen peroxide into oxygen and water.®3
CAT protects the cell from oxidative stress caused via reactive
oxygen species (ROS). The increase in CAT activity in FeSO -
exposed tissues treated with various concentrations of FEDW
(especially at 1000 pg/mL) illustrates a reduction in ROS lev-
els in testicular cells.

Table 2. Docking scores of some phytochemicals from flavonoid rich
extract of Dalbergiella welwitschii leaf with COX-2.

COMPOUNDS DOCKING SCORE (KCAL/MOL)
Ellagic acid -9.909
Piperine -8.683
Gallic acid -7.761
Caffeine -5.068
LEU
531
PHE
381 SER
530
ALA HO ©

527

TYR
385
O
VAL
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w = M
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) Charged (negative) Polar
) Charged (positive) ) Unspecified residue
Glycine Water
Hydrophobic Hydration site
) Metal X Hydration site (displaced)

LEU GLY O CH
384 LEU
HO
526 357
o

SOD is an enzyme that plays an important role in the physi-
ological protective mechanism by converting endogenous cyto-
toxic superoxide radicals to hydrogen peroxide as documented
by Miaffo et al.#! The increased activity of SOD in rats treated
with FEDW shows a significant effect on the oxidative defense
mechanism of the testicular tissues. GPx catalyzed detoxifica-
tion of either hydrogen peroxide or lipid.** In this work, the
activity of GPx increased in FeSO ,-exposed tissues treated with
various concentrations of FEDW (principally at 1000 pug/mL).
Thus, FEDW has noticeable anti-oxidative stress potentials
against testicular oxidative stress. The FeSO 4-exposed rats trig-
gered an increase in lipid peroxidation measured as MDA,
which was observed in this study. A momentous decrease in
MDA is elucidated by a decline in lipid peroxidation because of
an increase in antioxidant enzyme activities.! FEDW has the
ability to inhibit lipid peroxidation and enhance the antioxidant
defense system of the testicular tissues. This study is in line with
the previous work documented by Erukainure et al.*

Proinflammation has also been related to the advancement
of oxidative testicular toxicity, with ROS generation identified
as a major mechanistic link.#> The increased production of O,
interacts with NO, resulting in the formation of peroxynitrite
(ONOO"), a powerful free radical as documented by
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Figure 9. 2D molecular interaction of ellagic acid with amino acid residues within the pocket of COX-2.
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Figure 10. 2D molecular interaction of piperine with amino acid residues within the pocket of COX-2.

Erukainure et al.> The breakdown of H,O, to hydroxyl radicals
by myeloperoxidase reacts with hydrochloric acid (HCI) to
produce hypochlorous acid (HOCI").> The increased levels of
NO and myeloperoxidase activity observed in FeSO,-exposed
testicular tissues show a proinflammatory effect. Hence, these
results support the anti-inflammatory effect of FEDW in oxi-
dative testicular injury.

Andersson* reported that the upregulation of testicular
acetylcholinesterase (AChE) and butyrylcholinesterase (BChE)
activities have been linked to the malfunctioning of testicular
tissues that can corroborate infertility in men. The increased
notice in the activities of AChE and BChE in FeSO ,-exposed
testicular tissues shows an abnormality in acetylcholine and
butrylcholine levels, which reveals impairment of the testicular
function. Akomolafe et al® reported that inhibition of AChE
and BChE activities have been useful for treating/managing
testicular injury. Surprisingly, the FeSO,-exposed tissues
treated with various concentrations of FEDW ameliorated the

activities of AChE and BChE, suggesting an improved

testicular function that supports the antioxidant nature of the
extract (Figure 4). Therefore, FEDW might serve as a cholin-
ergic booster.

Monoamine oxidase (MAQ) present in the mitochondria of
testicular tissues plays an important role in ROS generation.*’
An increase in the activity of MAO is acknowledged by an
increase in H,O, production which was supported by FeSO -
exposed testicular tissues (Figure 5) and this can contribute to
testicular malfunction. The findings in this study revealed that
FeSO,-exposed testicular tissues treated with various concen-
trations of FEDW-inhibited MAOQO activity, probably because
of the antioxidant booster of the FEDW as indicated in Figure
2. One of the key factors in male infertility is the alteration in
the NO bioavailability in testicular damage.3* Oboh et al,3
among other scientists, have documented the aberration in
arginase activity due to testicular injury, which is in accordance
with the present study (Figure 5). However, amelioration of
arginase activity increases penile NOS activity and cGMP lev-
els, thereby restoring endothelial-derived NO vasodilatation
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Figure 11. 2D molecular interaction of gallic acid with amino acid residues within the pocket of COX-2.

and erectile function.*® In this study, FeSO,-exposed testicular
tissues treated with various concentrations of FEDW suggest-
ing its anti-arginase properties probably linked to the antioxi-
dative nature of the extract.

The suppressed purinergic activities in untreated FeSO,-
exposed testicular tissues are shown by decreased ATPase,
E-NTPDase, and 5’-nucleotidase and increased ACE activi-
ties. Purinergic enzyme activities play crucial roles in the physi-
ological activities of the testes. ATPase, E-NTPDase, and
5’-nucleotidase  enzymes phospho-hydrolyze adenosine
triphosphate (ATP) and adenosine monophosphate (AMP)
for the generation of endogenous signaling nucleotide, adeno-
sine which serves as a potential dilator and a key factor in bio-
energetics of the testes.*” The decrease in ATPase,
5’- nucleotidase, and E-NTPDase activities shows an altera-
tion in testicular nucleotide metabolism. This encourages a
decrease in ATP and adenosine levels of the testes. However,
FeSO,-exposed  testicular tissues treated with various

concentrations of FEDW increased ATPase, 5-nucleotidase
and E-NTPDase activities, which shows a normal ATP level
and ameliorates an altered bioenergetic potential. Hence,
FEDW improved bioenergetics. These results are in agreement
with the previous work of Salau et al.?

Phosphodiesterase-5 (PDE-5) is a key enzyme in the NO/
c¢GMP signaling pathway, which performs an important series
of functions in the corpus cavernosum.'® The rate of synthesis
of cGMP by guanylate cyclase and its degradation by PDEs
governs the amount of ¢cGMP in corpus cavernosum.’® The
ability of FEDW at different concentrations on FeSO,-
exposed testicular tissues support its action as a PED-5 booster.

ACE catalyzes the hydrolysis of angiotensin I to angiotensin
II, which is associated with hypertension, an important agent of
testicular malfunction.!% It has been reported by Jin®! that increase
in NADPH oxidase activity, production of ROS, and inhibition
of nitric oxide synthase activity in testicular tissues might be
because of a rise in the levels of angiotensin-II. This was noticed
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Figure 12. 2D molecular interaction of caffeine with amino acid residues within the pocket of COX-2.
Table 3. Druggability of some phytochemicals from flavonoid rich extract of Dalbergiella welwitschii leaf.
COMPOUNDS LIPINSKI GHOSE VEBER EGAN MUEGGE
Ellagic acid Yes; 0 violation Yes No; 1 violation: No; 1 violation: Yes; 0 violation
TPSA>140 TPSA>131.6
Piperine Yes; 0 violation Yes; 0 violation Yes; 0 violation Yes; 0 violation Yes; 0 violation
Gallic acid Yes; 0 violation No; 2 violations: Yes; 0 violation Yes; 0 violation No; 1 violation:
MR <40, #atoms <20 MW <200
Caffeine Yes; 0 violation No; 1 violation: Yes; 0 violation Yes; 0 violation No; 1 violation:

WLOGP <-0.4

Abbreviations: MW, molecular weight; TPSA, topological polar surface area.

in FeSO,-exposed testicular tissues (Figure 6). Hence, FeSO,-
exposed testicular tissues treated with various concentrations of
FEDW inhibit the generation of angiotensin II and this might
be useful for treating/managing testicular injury. This act of
FEDW might be linked to its antioxidative nature.

Zinc is a trace element that is required for life. Zinc influ-
ences critical processes such as cell proliferation, immune

MW <200

function, and defense against free radicals.’? It activates the
antioxidant system, which protects cells from damage.5>% Zinc
is a component of the oxidant defense system and performs
numerous functions.> It is believed to have antioxidant prop-
erties by maintaining an adequate level of metallothionein, and
it is an essential component of Cu/Zn SOD.>* Zinc is said to
promote spermatogenesis and influence sperm motility. Zinc
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Table 4. Pharmacokinetics properties of some phytochemicals from flavonoid-rich extract of Dalbergiella welwitschii leaf.

CYP2C9 CYP2D6 CYP3A4

CYP2C19

CYP1A2

BBB PERMEANT P-GP SUBSTRATE

Gl ABSORPTION

COMPOUNDS

PERMEATION) (CM/S)

INHIBITOR INHIBITOR INHIBITOR

INHIBITOR

S
=
&
ac
z

No No No No -7.36

Yes

No No

High

Ellagic acid

-5.58

Yes Yes No No

Yes No Yes

High

Piperine

No No No Yes -6.84

No No

No

High

Gallic acid

No No No No -7.53

No No

No

High

Caffeine

deficiency has been linked to testicular damage, increased levels
of lipid peroxidation, and decrease in antioxidant enzyme
activities. Therefore, different concentrations of FEDW
revealed its potential to enhance zinc levels in FeSO,-exposed
testicular tissues (Figure 7). This is in line with a previous study
conducted by Bashandy et al.>*

Sialic acid is an N-acetylmannose derivative that is an
important component of glycolipids and glycoproteins.> The
obtained results showed that there was a significant decrease in
testicular sialic acid level in untreated FeSO,-incubated testic-
ular tissues (Figure 7). This decrease in testicular sialic acid lev-
els could be attributed to a slowing of spermatogenesis.*
Moreover, FeSO,-incubated testicular tissues treated with dif-
ferent concentrations of FEDW enhanced the levels of sialic
acid, which shows that the extract can serve as a spermatogen-
esis enhancer. This could be linked to the antioxidant nature of
the FEDW.

One of the main mechanisms of testicular injury is the accu-
mulation of free radicals, which was mimicked in this study via
FeSO, induction. Hence, the anti-testicular injury of the
FEDW could be linked to its constituent flavonoids. These
include ellagic acid, gallic acid, vincamine, caffeine, galantamine,
quinine, furostan, piperine, homoharrington, pyrogallic acid,
psilocin, and chelerythrine (Figure 8 and Table 1) and have been
documented to possess anti-inflammatory, antioxidant proper-
ties among others. Thus, FEDW can serve as a good anti-testic-
ular injury, making it useful in male infertility boosters.

The in silico study was carried out on some compounds
identified by HPLC in FEDW to find out the hit compound(s).
The target protein used in this case was an anti-inflammatory
marker named COX-2. This is important as testicular injury
can be encouraged by inflammation. According to Boittier
et al,>0 docking is a computational approach for predicting the
binding pose and affinity of a ligand (phytochemicals) and pro-
tein. This plays a crucial role in rational drug design. In this
study, ellagic acid has the highest docking score followed by
piperine (Table 2). Ellagic acid and piperine have been docu-
mented as an antioxidant, anti-inflammatory, anti-apop-
totic,””*® among others. This implies that ellagic acid and
piperine can be useful in designing drugs for testicular injury.
The molecular interactions ellagic acid, piperine, gallic acid,
and caffeine with COX-2 pocket (Figure 9-12) revealed the
presence of H-bond, charged ions, pi cation, pi-pi stacking, etc
in interacting with the COX-2 structure. These occur between
the ligands and COX-2, which played a significant role in the
repressive activity on COX-2 as well as attractive charge.

The process of drug development and production is aided
by assessing druggability. To pass through the biological barrier,
a drug’s topological polar surface area (TPSA) and molecular
weight must be addressed. The lower the TPSA and molecular
weight numbers, the less penetration the drug candidate has,
and vice versa.” Furthermore, Lipinski’s RO5 demonstrates
that an effective drug molecule should have properties that fall
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within the acceptable range of the 5 Lipinski guidelines; this
was obeyed by ellagic acid, piperine, gallic acid, and cafteine
(Table 3). However, it was only piperine that obeys all the rules
(Lipinski, Ghose, Veber, Egan, and Muegge). Hence, piperine
can be recommended as a hit compound in the development of
a drug for testicular injury.

The pharmacokinetics properties of ellagic acid, piperine, gal-
lic acid, and cafteine demonstrated that they all have high gas-
trointestinal tract (GIT) absorption (Table 4). This implies that
all the compounds have the ability of proper GIT absorption on
oral administration, which is an important criterion for drug dis-
covery.?? The metabolism of the substances was predicted using
5 cytochrome P450 (CYP) monooxygenase isoforms, namely,
CYP1A2, CYP2C19, CYP2C9, CYP2D6, and CYP3A4. The
monooxygenase cytochrome P450 plays a crucial function in
drug metabolism and elimination. The fact that the discovered
compounds have no inhibitory effect on these enzymes suggests
that they are very likely to be converted and hence accessible
when taken orally.®® Hence, the inhibition of some CYP isomers
by some of the compounds might affect the bioavailability prob-
ably due to the accumulation of their toxic side.®!

Dixon et al®? claim that skin is a selective barrier that per-
mits different chemicals to enter in different ways, depending
on their physicochemical qualities. Thus, skin permeability;
determined as LogKp is a parameter used in assessing mole-
cules/compounds that require transdermal administration.
Ellagic acid, piperine, gallic acid, and caffeine were impermea-
ble as they had negative LogKp values (Table 4), meaning that
they could be efficiently administered via the skin.®* ADMET
(absorption, distribution, metabolism, and excretion) predic-
tions were evaluated so as to ascertain the ability of a drug mol-
ecule inside a biological system after its pharmacological and
pharmacodynamic properties. Furthermore, the crucial factor
for the drugs that mainly target the brain cells is their ability to
cross the BBB, only piperine has this potential. This also makes
piperine useful for the management of male reproductive mal-
function, as the brain is also involved.

Added to this, it is known that a large quantity of drugs are
administered orally, such drugs are digested by the intestinal
tissue. In lieu of this, the plasma membrane ATP-binding cas-
sette transporter, called P-glycoprotein (P-gp), aids in trans-
porting drugs.”® The inability of the ellagic acid, piperine, gallic
acid, and caffeine (Table 4) for this act make these compounds
more useful as a potential testicular drug.

Conclusions

In vitro, ex vivo, and in silico investigations of FEDW as a
potential treatment agent for oxidative testicular injury. The
findings reveal that FEDW has therapeutic and protective
properties against oxidative testicular injury, as evidenced by its
ability to reduce oxidative stress, proinflammation, and cholin-
ergic, monoaminergic, and purinergic dysfunction. As a result,
FEDW could be used as a pharmacological adjuvant in the

treatment and management of testicular damage subsequent to
in vivo study.
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