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Abstract

Objectives: This study was designed to investigate the effects of liquid extract of Calotropis procera (CP) on the testicular
structure and functions of adult male rabbits. CP, commonly known as ‘ewe bomubomu’ in Nigeria, contains a toxic milky
sap that is extremely bitter; the milky sap contains a complex mix of chemicals. This plant is most popular and commonly
used among the Fulanis in Nigeria to process cheese.

Methods: Twelve adult male rabbits weighing between 1-2 kg were used for this study. The rabbits were divided random-
ly into four Groups A-D; (n=3, in each group). Animals in Group A-C received CP as 750, 500 and 250 mg/kg body weight,
respectively by oral intubation daily for 28 days, while Group D served as the control group. All animals were euthanized by
cervical dislocation; the testes were excised and fixed in Bouin's fluid for routine histological studies using haematoxylin and
eosin stain. Cauda epididymidis was also excised for semen quality evaluation.

Results: These results showed hormonal and testicular histomorphological alterations in CP treated animals such as abnor-
mal shape and arrangement of seminiferous tubules, degeneration of spermatogenic and interstitial. CP also affected the
testosterone concentration, cross-sectional area, germinal epithelium diameter and lumen diameter of the seminiferous
tubules.

Conclusion: These findings show that CP caused histomorphological and hormonal alterations and thereby hampered sper-
matogenesis. It is therefore recommended that continuous use of CP as part of food ingredient should be discouraged and
discontinued.
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Introduction

Calotropis procera (CP; giant milk weed) is a species of flow-
ering plant in the family Apocynaceae, native to North
Africa, Tropical Africa, Western Asia, South Asia, and
Indochina." The flesh CP contains a toxic milky sap that
is extremely bitter and turns into a gluey coating resistant
to soap."' The milky sap contains a complex mix of chem-
icals, some of which are steroidal heart poisons known as
‘cardiac aglycones’.”” These belong to the same chemical
family as similar chemicals found in foxgloves (digitalis
purpurea). Alkaloids, flavonoids, sterols and uscharin have

also been reported to be present in the entire part of the
plant.” CP is referred to as ‘ewe bomubomu’ among the
Yoruba populace in Nigeria where it is used as a con-
stituent of concortions to cure certain ailments. The
Fulani population in Nigeria use CP as the major compo-
nent in processing cheese.

The testes are double glandular organs performing
both exocrine and endocrine functions in the body.
Spermatogenesis occurs in the seminiferous tubule of the
testes surrounded by nutrient rich basement membrane
which serves as support and source of nutrients to the pro-
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liferating spermatogenic cells to give rise to matured sper-
matozoa under the influence of testosterone hormone
produced by cells located in the interstitial space of the
testes.” Spermatogenesis and testosterone production are
regulated by the secretory actions of the hypothalamus
where gonadotropin releasing hormone (GnRH) is
released and pituitary gland that secretes follicle stimulat-
ing hormone (FSH) and luteinizing hormone (LH) upon
the action of GnRH."

CP has been used in traditional medicine as purgative,
anthelmintic, anticancer, as well as to treat leucoderma,
ulcers, piles and disease of the spleen.” CP has been impli-
cated to have an abortifacient,” antifertility,” uterine
stimulating effect” and teratogenic effects on the develop-
ing embryo.”

Fresh leaf extract of CP has growth suppressing effects
on the body leading to a significant reduction in body, tes-
ticular and epididymal weights in exposed animals.
Significant decrease in relative weights of accessory sex
glands was reported in rat treated with CP.""" CP admin-
istration led to deleterious effects on the testicular
microstructures and accessory sex organs, resulting in
desquamation of seminiferous epithelial cells, degenera-
tion of seminiferous tubules and presence of large-sized
multinucleated cells. Significant reduction in the seminif-
erous tubular diameter, seminal vesicle and epididymal
structures were also reported."”

"The aim of this study was to highlight the effects of CP
on testicular morphology and morphometry, and also
evaluate the consequent effects on semen parameters in
adult male rabbits. This became a research of interest after
observation of the use of CP by local fish farmers in
Nigeria in the harvesting processes of fish from various
local ponds, and also from the use of CP by Fulanis (a tribe
in Nigeria ethnic groups) as a major constituent of their
locally produced cheese popularly known as “wara fulani”.

Materials and Methods

Twelve adult sexually active male rabbits weighing
between 1-2 kg were used in this study. The rabbits were
bred and maintained at the experimental animal unit in
the Department of Human Anatomy, Ladoke Akintola
University of Technology, Ogbomoso, Nigeria. The
animals were divided into four groups (of three rabbits
each), designated as Groups A-D. Groups A-C served as
experimental animals, and Group D served as control.

The leaves of CP were obtained from Aroje commu-
nity, Ogbomoso, and identified at the Department of
Pure and Applied Biology, Ladoke Akintola University
of Technology, Ogbomoso, Oyo State, Nigeria. The leaf
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extract of CP was prepared by macerating 50 g of fresh
leaves with 250 ml of distilled water and later by squeez-
ing and filtering. The filtrate served as the stock solu-
tion. The stock solution was administered orally at a
dosage of 750 mg/kg body weight (Group A), 500 mg/kg
body weight (Group B), and 250 mg/kg body weight
(Group C) once daily using an oral cannula for 28 days.
Control animals (Group D) received only normal saline
for the same number of days.

The animals were dissected, and the testes and epi-
didymis were collected immediately after exsanguina-
tion. The testes collected were fixed in Bouin's fluid and
processed using paraffin embedment, and stained with
haematoxylin and eosin. The slides of testes were evalu-
ated for pathological changes under light microscope.
The testes used for hormonal assay were crushed using a
pestle and mortar in a 0.25 M sucrose solution, then cen-
trifuged for 5 min at 5000 r/min and filtered using a plas-
tic pipette. The specimens for the testosterone assay
were kept in the freezer at a temperature of about -5°C
before the assay commenced.

The epididymis was placed in normal saline for eval-
uation of sperm quality (i.e. sperm count, sperm motility
and sperm morphology). The concentration of sperma-
tozoa was determined by the haemocytometer method.
The spermatozoa were evaluated by haemocytometer
using the improved Neubauer chamber (Deep 1/10 mmy;
LABART, Munich, Germany).

The histomorphometry (i.e. cross section area, lumen
diameter and germinal epithelium diameter) was evaluat-
ed using Image J software (National Institute of Mental
Health, Bethesda, Maryland, USA) from photomicro-
graphs of the testes.

Johnsen score was used for assessing spermatogenesis
in testicular biopsy:"” 10: complete spermatogenesis and
perfect tubules; 9: many spermatozoa present but disor-
ganized spermatogenesis; 8: only a few spermatozoa
present; 7: no spermatozoa but many spermatids present;
6: only a few spermatids present; 5: no spermatozoa or
spermatids present but many spermatocytes present; 4:
only a few spermatocytes present; 3: only spermatogonia
present; 2: no germ cells present; 1: neither germ cells
nor Sertoli cells present.

Testosterone concentration was estimated using
Accu Bind ELISA Microwell (Monobind Inc., Lake
Forest, CA, USA).

Data collected were analyzed using two-way analysis
of variance (ANOVA) followed by Tukey’s (HSD) mul-
tiple comparison test with the aid of SPSS (V20; SPSS
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Inc., Chicago, IL, USA). Data were presented as means
+ SEM (standard error of mean). P value less than 0.05
(p=0.05) was considered statistically significant. All
graphs were drawn using the GraphPad Prism v.6
(GraphPad Software, Inc., La Jolla, CA, USA).

Results
Histological analysis

Histological findings in the control group depicted a nor-
mal cytoarchitecture of the testes in rabbits showing a nor-
mal shape and arrangement of seminiferous tubule with
intact basement membrane and progressive proliferation
of spermatogenic cells to produce matured spermatozoa.
Interstitium was intact with Leydig cells (Figures 1a and
b). Group C rabbits had swollen spermatogonia and mild
disruption in the arrangement of seminiferous tubule
(Figures 1c and d). Group B treated rabbits showed
impaired spermatogenesis due to degeneration of sper-
matogenic cells, necrosis of Leydig cells in the intersti-
tium, and traces of haemorrhage were evident (Figures le
and f). In Group A rabbits, there were reduced spermato-
genic cells and impaired spermatogenesis, and traces of
spermatogenic cells were secluded in the lumen (Figures
1g and h).

Group D (control) animals showed normal shape and
arrangement of seminiferous tubule with intact basement
membrane and progressive proliferation of spermatogenic
cells to produce matured spermatozoa. There was intact

. A
]
roan, M6 o

T

interstitium with Leydig cells. The basement membrane
covering of the seminiferous tubule was normal across all
groups (Figures 1a and b). Group B animals showed
swollen spermatogonia and mild disruption in the arrange-
ment of seminiferous tubule (Figures 1c and d). Group C
animals showed hampered spermatogenesis due to degen-
eration of spermatogenic cells, necrosis of Leydig cells in
the interstitium and traces of haemorrhage were evident
(Figures 1e and f). Group D animals reduced spermato-
genic cells and hampered spermatogenesis as traces of
spermatogenic cells were present in the lumen (Figures
1g and h).

Effect of CP on sperm count, motility and morpholo-
gy in the epididymis of experimental group rabbits com-
pared to the control group are shown in Table 1.

Table 1
Effect of CP on sperm parameters in the epididymis of experimental
group rabbits (Groups A-C) compared to the control group (Group D).

Groups Sperm count Sperm motility Sperm morphology
(106/ml) (%) (%)

A 11.33+£2.59* 46.7£12.02* 56.67+2.85*%

B 33.07+5.64* 55+£18.93* 53.33£3.84*

C 55+3.2* 88.73+2.02 70£5.78*%

D 83+11.12 90+0.58 83.33+3.84

Values are expressed as mean+SEM. *p<0.05

Figure 1. Photomicrographs showing rabbit testicular cytoarchitecture. Basement membrane (arrow), lumen (L), spermatogenic cells (long
arrow), interstitial space (arrowhead), necrosis (N). H&E stain, x100 (a, ¢, e, g) and x200 (b, d, f, h). [Color figure can be viewed in the online

issue, which is available at www.anatomy.org.tr]
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Histomorphometric analysis and Johnsen's score

A significant decrease (p<0.05) in the cross sectional area
(CSA) was observed in Group C treated with 250 mg/kg
body weight of CP when compared with the control
group. A significant increase (p<0.05) in the germinal
epithelium diameter (GED) was observed in Group A that
received 750 mg/kg body weight of CP compared to the
control group (Table 2), while a significant decrease
(p<0.05) in germinal epithelium diameter was also
observed in Group B that received 500 mgrkg body
weight of CP compared to the control group. A significant
increase (p<0.05) in lumen diameter was observed in
Group B that received 500 mg/kg body weight of CP
compared to the control group (Table 2), while a non-sig-
nificant decrease (p>0.05) in Johnsen’s score was observed
in all the treatment groups when compared to the control
group (Table 2). These results showed a poor morpho-
metric grading and poor Johnsen’s score as a result of the
effect of aqueous extract administration of CP.

Hormonal assay

Testosterone concentration in the testes reduced signifi-
cantly (P<0.05) in all treated groups when compared to the
control group (Figure 2).

Discussion

CP contains toxic milky sap which is made up of complex
mix of chemicals, some of which are steroidal heart poi-
sons known as "cardiac aglycones”.”” CP has been
reported to have numerous medicinal importance,™” but
was observed to be potentially injurious to the body
especially male reproductive organs after prolonged or
chronic use.""” CP induced functional sterility, degener-
ating and necrotic germ cells within the seminiferous
tubule and significantly reduced testicular weight."”

In this present study, histopathological findings
revealed that CP caused mild distortions on the histo-
morphology of animals treated with 250 mg/kg body
weight. Animals given 500 mg/kg body weight of CP and
750 mg/kg body weight of CP showed mixing of the
germ cell types in stages of spermatogenesis and hyper-
trophy of the spermatogenic cells in animals that
received 750 mg/kg body weight of CP, complemented
with abnormal rise in germinal epithelium diameter,
reduced spermatozoa and presence of spermatogenic
cells in the lumen. The seminiferous tubules showed
abnormal shape (shrinkage) and arrangement (wide
interstitial space). This finding was further compliment-
ed by reduction in the cross section area of the seminif-
erous tubules. Wide interstitium with degenerated
testosterone producing Leydig cells and traces of haem-
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Table 2
Effect of CP on histomorphometric parameters and (Jonhsen'’s score)
in experimental group rabbits (Groups A-C), compared to the
control group (Group D).

Groups CSA GED LD Johnsen’s
(107 um) (103 ym) (102 pm) score
A 2.8+0.42 1.18+0.05* 7.7+0.66 5.7+0.33
B 2.5+0.29 0.69+0.12* 17.1+£10.5* 5.7+0.33
C 1.5+0.13* 0.94+0.05 8.05+0.31 6.0+0.58
D 2.6+0.26 0.89+0.06 9.70+0.79 7.0+£0.58

CSA: cross sectional area, GED: germinal epithelium diameter, LD: lumen diameter.
Values are expressed as mean+SEM. *p<0.05

orrhage were also observed. These findings are consis-
tent with the study of Sharma and Jacob"* who reported
that CP had anti-spermatogenic properties.

Semen quality evaluation revealed dose-dependent
decrease in the semen parameters. Animals treated with CP
showed significant reduction in total number of sperm cells,
motility and normal morphology with increasing dosage of
administered CP as most reduction in the semen parame-
ters were observed in animals given 750 mg/kg body weight
of CP for 28 days. Histomorphological alterations and
reduced semen quality observed were complimented by
Johnsen’s spermatogenesis score. Spermatogenesis rate and
population of spermatogenesis series were insignificantly
reduced in CP treated animals with increasing dosage.

Testosterone concentration in the testes of CP treat-
ed animals reduced (p<0.05) markedly compared to con-
trol group. Testosterone drives the progression of sper-
matogenic series in the seminiferous tubule. Reduced
testosterone implies hampered rate of sperm production.
Reduction in testosterone concentration and alteration
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Figure 2. Testosterone concentration in control and CP-treated
groups. *p=0.05.
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in spermatogenesis were observed in CP treated rabbits.
This finding corroborated with studies by Aiton'" who
suggested that CP had an effect on testosterone produc-
tion, thereby resulting in the histomorphological alter-
ations observed in their work.

Conclusion

Histomorphological and hormonal alterations in CP
treated animals were observed such as abnormal shapes
and arrangement of seminiferous tubules, degeneration
of spermatogenic and interstitial cells; thereby hamper-
ing spermatogenesis. CP also affected testosterone con-
centration and cross sectional area, germinal epithelium
diameter and lumen diameter of the seminiferous
tubules in adult male rabbits. Findings from this study
conducted on male rabbits showed that CP may be one
of the underlying cause of male infertility in Nigeria as a
result of daily consumption of CP from the popular
locally made Fulani cheese, corroborating several studies
carried out on different animal species. It is therefore
recommended that continuous use of CP as a food ingre-
dient should be discouraged and discontinued as CP,
causes testicular toxicity on dose dependent levels.
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