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Abstract

Background: Infertility is a common complication in diabetic men and experimental animals, mainly due to loss of
germ cells by apoptotic cell death. The aim of this study was to evaluate the effects of aqueous and ethanol
extracts of Dracaena arborea in streptozotocin-induced ultra-structural spermatogenic alterations in Wistar rats.

Methods: Diabetic animals were orally treated with Millipore water (10 ml/kg), sildenafil citrate (1.44 mg/kg) or
Dracaena arborea aqueous (500 mg/kg) and ethanol (100 mg/kg) extracts for three weeks. A group of non diabetic
rats received Millipore water (10 ml/kg) and served as healthy control group. Blood glucose was monitored at the
beginning and the end of the study. One day after the last treatment, animals were sacrificed and the testes
immediately removed were morphologically observed and prepared for electron microscopy analysis of
spermatogenesis.

Results: Our results showed that Dracaena arborea was devoid of any anti-hyperglycemic activity. In the untreated
diabetic rats, hyperglycemia severely damaged the testes morphology as well as the spermatogenic process as
evidenced by the: thickness of basement membrane of the seminiferous tubule; mitochondria alteration; abnormal
spermatocyte cells displaying polymorphous nuclei, cytoplasmic vacuolization and necrosis; and disorganization and
degeneration of sperm germ cells. Administration of sildenafil citrate and Dracaena arborea extracts to the diabetic
rats improved testes morphology and reversed, although not completely, the impairment of spermatogenesis; this

arborea.

induced testicular dysfunction.

alleviating effect was more pronounced in animals treated with the aqueous extract (500 mg/kg) of Dracaena

Conclusion: Dracaena arborea improves testes morphology and restores spermatogenesis in type 1 diabetic rats,
without having major anti-hyperglycemic properties. These effects could be attributed to saponins, flavonoids,
phenols and sterols revealed in this plant, which could be a useful component in the treatment of diabetes-
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Background

Infertility is one of the major health problems in life, and
approximately 30% of this problem is due to male factors.
Male infertility is a multifactorial disease, with numerous
factors contributing to both reduced spermatogenesis and
production of dysfunctional sperm — the most prevalent
underlying characteristics found in cases of idiopathic
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male infertility [1,2]. Infertility is a common complication
in diabetic men and experimental animals [3,4], and oxi-
dative stress and peroxidative damage are believed to be
the most influential harm causing factors [5,6]. It has been
shown that insulin-dependent diabetes mellitus (type 1
diabetes mellitus - DM) in both humans and animals lead
to decrease of testicular weight, structural and ultra-
structural changes in the spermatogenic process [3,7].
These alterations are mainly due to the loss of germ cells
by apoptotic cell death, low testosterone and lack of
insulin [8,9]. Understanding the mechanisms underlying
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type 1 diabetes-induced alterations of spermatogenesis
is essential for the development of a strategy to prevent/
alleviate them. Type 1 diabetes is a useful tool to study
the insulin-related modulation of testicular function.
However, since modern treatment options available for
the regulation of testicular function anomalies induced
by diabetes are becoming more expensive and often
carry serious side effects, many people now rely on
herbal medicines for health care. Cameroonian trad-
itional medicine indicates that Dracaena arborea root
extracts have been locally used by many people as
aphrodisiac to treat sexual inadequacy and to stimulate
sexual vigor. In a pilot study, we demonstrated that the
aqueous (500 mg/kg) and ethanol (100 mg/kg) extracts
of Dracaena arborea stimulate copulatory activity of
normal and androgen-deprived (castrated) rats through
dopaminergic and/or cholinergic pathways [10].

On the basis of the above mentioned findings, the
present study was undertaken to evaluate the effects of
the aphrodisiac plant, Dracaena arborea, on the ultra-
structural spermatogenic damages in streptozotocin-
induced type 1 diabetic rats. Data from the literature
considered as aphrodisiacs substances that enhance sex
drive and/or sexual pleasure or can arouse sexual desire
or libido; they are also agents that can be used to modify
impaired sexual functions [11-14].

Methods

Plant material collection and preparation of extracts

The plant material was harvested in Bagnoun, West
Region of Cameroon and authenticated at the Cameroon
National herbarium (CNH) under the voucher number
25361/SFR/Cam. The harvested fresh root barks were cut
into small pieces, dried at room temperature and ground
into a fine powder. For the aqueous extraction, eight hun-
dred grams (800 g) of the powdered roots were dissolved
in 51 of distilled water and kept for 72 h at 25°C, and
occasionally stirred. After filtration, the filtrate was oven-
concentrated (40°C) to give 39.68 g of brownish residue
corresponding to an extraction yield of 4.96%. In order to
obtain the ethanolic extract, ground root bark (1 kg) of
Dracaena arborea was macerated with ethanol (95%)
(51, 2x) for 72 hours to yield, after solvent evaporation
under reduced pressure, 30 g of a brownish extract corre-
sponding to an extraction yield of 3%. The two extracts
used in the study were prepared at a final concentration of
100 mg/ml in Millipore water; the volume of oral adminis-
tration was 1 ml/100 g of body weight.

Phytochemical screening

Qualitative phytochemical evaluation was performed on
aqueous and ethanolic extracts of Dracaena arborea to
determine the presence of flavonoids (test of Shinoda),
sterols (Libermann Buchard test), phenols (ferric chloride
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test), alkaloids (Dragendorff test) and saponins (Saponifi-
cation test). All these tests were performed using standard
methods [15].

Experimental animals

Male Wistar rats weighing 200-250 g, grown in the
Animal House of “Iuliu Hatieganu” University of Medicine
and Pharmacy, Cluj-Napoca, Romania, were acclimatized
for one-week in the Department of Cellular and Molecular
Biology, of the above mentioned University. They were
placed in Plexiglas cages under a 12-hour light: dark cycle
with standard food and water ad libitum. All experiments
were approved by the ethical committee of the University
of Medicine and Pharmacy, Cluj-Napoca, Romania
through letter Nr 687A/30.10.2012.

Induction of diabetes

Experimental diabetes was induced in overnight fasted
rats by a single dose of streptozotocin (STZ) (50 mg/kg)
dissolved in ice-cold 0.1 M sodium citrate buffer, pH 4.5
and administered i.p. One hour-thirty minutes after
injection of STZ, all animals received an intraperitoneal
injection of glucose 33% to overcome hypoglycemia
(fatal in rats) induced by STZ after the pancreatic -cell
destruction and massive release of insulin. 48 h after
STZ treatment, the fasting blood glucose level was mea-
sured using reagent strips (Accu-Chek®, Roche) with a
drop of blood obtained by tail-vein puncture. Animals
were considered diabetic if blood glucose values were
higher than 200 mg/dl.

Animal groups

Two weeks after the confirmation of the diabetic state,
animals were randomly divided into 5 groups of 5
animals each and treated as follows: Group 1, healthy
rats receiving 10 ml/kg of Millipore water only (Healthy
control group); Group 2, diabetic rats receiving 10 ml/kg
of Millipore water only (Diabetic control group); Group 3,
diabetic rats treated with 1.44 mg/kg of sildenafil citrate;
Group 4, diabetic rats treated with the aqueous extract of
Dracaena arborea (500 mg/kg); Group 5, diabetic rats
treated with the ethanolic extract of Dracaena arborea
(100 mg/kg). The vehicle (Millipore water) and the test
solutions were orally administered once a day for 3 weeks
using an endogastric canule. Doses of plant extracts were
chosen on the basis of our pilot studies [10]. Initial and
final blood glucose measurements as well as gross testes
morphology were performed in this study.

Drugs

Streptozotocin (Sigma-Aldrich N.V/S.A. K. Cardijnplein
8, B-2880 BORNEM) and sildenafil citrate (Pfizer)
(Cluj-Napoca, Romania) were used in this study.
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Statistical analysis

In each treatment group, the effect of treatment duration
on blood glucose level was analysed using two ways
ANOVA repeated measures followed by Bonferroni all
pair comparison test. However, two ways ANOVA
followed by Bonferroni all pair comparison test was used
to compare the treated groups to healthy and diabetic
control animals respectively. P values of 0.05 or less
were taken to imply statistical significance between the
means. All these analysis were performed using
Graphpad Prism version 5.1.

Experimental procedure for electron microscope
observation

Immediately after the sacrifice of rats under chloroform
anesthesia, 3 small pieces from each testis were collected
and prefixed with 2.7% glutaraldehyde in 0.1 M phosphate
saline buffer for 2 hours. After being washed 4 times in
the same buffer (the first 3 for 1 hour and the last, over-
night), samples were post-fixed with 1% osmium tetroxide
in 0.15 M phosphate saline buffer for 2 hours, and washed
again 2 times (30 min each) in the same buffer. The sam-
ples were next dehydrated in acetone solutions (prepared
in distilled water), once in 30%, 50%, 70%, 80%, 90% and
three times in 100% for 15 min respectively except that of
50% which was done for 30 min. All the steps from the
beginning up to 70% acetone were performed at 4°C while
the others (from 80 to 100%) were done at room
temperature. After complete dehydration, the samples
were infiltrated with Epon 812 in 4 steps: acetone-epon
2:1 (45 min), acetone-epon 1:1 (1 hour), acetone-epon 1:2
(1 hour), pure epon (overnight). The samples were then
placed in gelatin capsules with fresh epon, and polymer-
ized at 60°C for 72 hours. Trapezoidal ultrathin sections
of 70—80 nm thickness were obtained from 3 seminiferous
tubules of 4 blocks from each group with glass knives
using a Bromma 8800 ULTRATOME III (LKB, Sweden)
and contrasted next with solutions of uranyl acetate
(15 min) and lead citrate (8 min). The examination of
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these sections was performed on a Jeol JEM 1010 trans-
mission electron microscope (Jeol, Tokyo, Japan).
Images were captured using a Mega VIEW III camera
(Olympus, Soft Imaging System, Munster, Germany),
and introduced in a database using a Soft Imaging System
software (Soft Imaging System, Munster, Germany). Ultra-
structural features of the prepared seminiferous tubule
section of each group were then evaluated.

Results

Phytochemical analysis

Qualitative phytochemical screening of both aqueous
and ethanol extracts of Dracaena arborea dried roots
showed the presence of saponins, phenols, flavonoids
and sterols.

Effect of treatments on the diabetic rat testis morphology
Injection of streptozotocin to rats resulted in a severe
atrophy of the testes (Figure le) compared to healthy rats
receiving Millipore water (Figure 1a). The treatment of an-
imals with either plant extracts (Figure 1b, ¢) or sildenafil
citrate (Figure 1d) for three weeks partially corrected the
impaired morphology of the testes.

Effect of treatments on fasting blood glucose level

Data from Table 1 clearly showed the detrimental effect
of streptozotocin on blood glucose levels. In all diabetic
animals, a huge rise in the final blood glucose concen-
trations was noticed. Thus, an increase of 60.34% was
recorded in the untreated diabetic group compared to
the aqueous (15.39% of increase), ethanolic (19.04% of
increase) extracts of Dracaena arborea and sildenafil
citrate (23.59% of variation). These results further
revealed the lack of effect of Dracaena arborea extracts
and sildenafil citrate in reducing blood glucose in 3
weeks treated-diabetic rats.

Figure 1 Photograph showing from left to right testes of rat in healthy control group (a) and diabetic rats treated with aqueous
extract (b), ethanol extract (c) of Dracaena arborea, sildenafil citrate (d) and Millipore water (e) for three weeks.
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Table 1 Variation of blood glucose levels in rats after different treatments

Blood glucose level (mg/dl)

Groups

At the beginning of the treatment (Initial) At the end of the treatment (Final) % of variation

Healthy control (Millipore water, 10 ml/kg)
Diabetic control (Millipore water, 10 ml/kg)
Treatment 1 (Sildenafil citrate 1.44 mg/kg)
Treatment 2 (D.a. aqueous extract 500 mg/kg)
Treatment 3 (D.a. ethanol extract 100 mg/kg)

9840 + 02397
37420+31.82°"
37140+ 2381°
36780+ 21707
366.60 £ 0866°

99.20 +01.02° 081
>600 + 00.00%™" >60.34
459.00 + 19.60" 2359
42440 + 26719 1539
43640 +25.94 19.04

D.a. = Dracaena arborea. Values are means + SEM, number of animals per group = 5. On the same line, ANOVA two ways repeated measures followed by
Bonferroni all pair comparison test was done; the values assigned by the same letter are not significantly different; ¢ p < 0.001; < p <0.01 compared to the initial
blood glucose level. In the same column, two ways ANOVA followed by Bonferroni all pair comparison test was performed; *** p <0.001 compared to the
corresponding normal control; ¥ p <0.001 significantly different compared to the corresponding diabetic control. Variation of blood glucose level (%) = (final -

initial) x 100/initial.

Electron microscope observations of the effects of
different treatments on spermatogenesis

Healthy control group

In the healthy control group, a normal aspect of the base-
ment membrane with a normal diameter was observed. A
normal space between this basement membrane and
spermatogonia and spermatocyte was also observed
(Figure 2A). Spermatocytes appeared with normal aspect
of nuclei, plasma membrane and cytoplasm. No apoptotic
and necrotic cells were noted in this group. Mitochondria,
Sertoli cells and spermatogonia have normal appearance
(Figure 2B-D). Spermatogenesis process was normal and
characterized by a high number of spermatocyte I, sperm-
atocyte 11, spermatids and sperm cells (Figure 2E-H).

Diabetic control group

In the untreated diabetic group, a thickening of the
basement membrane was detected (Figure 3A, B),
coupled to larger spaces between basement membrane

and spermatogonia in many areas (Figure 3B). Many apop-
totic primary spermatocytes were observed (Figure 3D),
displaying shrunken, polymorphous nuclei and cytoplas-
mic vacuolization. In many primary spermatocytes, cyto-
plasmic vacuoles were also observed, especially around
modified mitochondria (Figure 3E); other primary sper-
matocytes appeared to be in a necrotic state with normal
aspect of nuclei but with disrupted plasma membrane,
and rarefied cytoplasm (Figure 3F). The layer of primary
spermatocytes was very thin as compared to the healthy
control group, only some of them undergoing meiosis
(Figure 3G). The secondary spermatocytes and sper-
matids were rare and a very low number of sperm cells
was noted (Figure 3H).

Treatment group 1 (sildenafil citrate 1.44 mg/kg)
As compared to healthy control group, no important
changes concerning the aspect of basement membrane

Figure 2 Ultra-structural micrograph of seminiferous tubule portion of healthy control rats treated with Millipore water (10 ml/kg),

showing normal spermatogenic parameters. Basement membrane (Bm) of the seminiferous tubule; cell of lamellated connective tissue (Cc);
spermatogonium (Sg); Sertoli cell (Se); primary spermatocyte (Spl); secondary spermatocyte (Spll); spermatid (St); nucleus (N); mitochondria (m);
flagellae of sperm cells ().
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(St); nucleus (N); mitochondria (m); flagellae of sperm cells (f).

Figure 3 Ultra-structural micrograph of seminiferous tubule portion in diabetic control rats treated with Millipore water (10 ml/kg)
showing many apoptosis, necrosis and abnormal spermatogenic cells. Basement membrane (Bm) of the seminiferous tubule; cell of
lamellated connective tissue (Cc); spermatogonium (Sg); Sertoli cell (Se); primary spermatocyte (Spl); secondary spermatocyte (Spll); spermatid

were observed in this group (Figure 4A). Even if some
small empty spaces between the basement membrane
and the spermatogonia and primary spermatocytes
were observed, they seem to be normal (Figure 4A).
Apoptotic cells were also observed in this group
(Figure 4B), but in lower number as compared to un-
treated diabetic group. Primary spermatocytes were
present in high number, and even if a small number of
secondary spermatocytes were observed, spermatogen-
esis occurred normally, marked by a higher number of
spermatids and sperm cells as compared to untreated
diabetics (Figure 4D-H).

Treatment group 2 (Dracaena arborea, 500 mg/kg
aqueous extract)

The electron microscopic images of this group were com-
parable to those of the healthy control group, proving the
effectiveness of the applied treatment. The aspect of the
basement membrane joined to the appearances of Sertoli
cells and spermatogonia were similar to that observed in
the healthy control group (Figure 5A). The primary sper-
matocytes had a normal aspect (Figure 5A-D), even if
some rare necrotic cells were noted (Figure 5C). Also,
secondary spermatocytes (Figure 5D-F) and spermatids
(Figure 5C-H) were present in high numbers. In this

Figure 4 Ultra-structural micrograph of seminiferous tubule portion of diabetic rats treated with sildenafil citrate (1.44 mg/kg).
Basement membrane (Bm) of the seminiferous tubule; cell of lamellated connective tissue (Cc); spermatogonium (Sg); Sertoli cell (Se); primary
spermatocyte (Spl); secondary spermatocyte (Spll); spermatid (St); nucleus (N); mitochondria (m); flagellae of sperm cells (f).
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Figure 5 Ultra-structural micrograph of seminiferous tubule portion of diabetic rats treated with aqueous extract of Dracaena arborea
(500 mg/kg). Observations from this group are similar and even most important compared to the heahthy control group. Basement membrane
(Bm) of the seminiferous tubule; cell of lamellated connective tissue (Cc); spermatogonium (Sg); Sertoli cell (Se); primary spermatocyte (Spl);
secondary spermatocyte (Spll); spermatid (St); nucleus (N); mitochondria (m); flagellae of sperm cells (f).

group, a very high number of sperm cells, even higher
than in the healthy control group were observed in differ-
ent regions of many tubules (Figure 5E-H).

Treatment group 3 (Dracaena arborea, 100 mg/kg ethanol
extract)

The obtained results in this group can be placed under
those obtained for diabetic rats treated with sildenafil
citrate. The basement membrane and spermatogonia had
a normal aspect (Figure 6A), but most of the Sertoli cells
were loaded with inclusions (Figure 6B-D), and so were
some of the primary spermatocytes (Figure 6B). Many

primary spermatocytes were observed in a necrotic state
(Figure 6D). Rare secondary spermatocytes were found
displaying vacuolizations similar to those observed in
autophagy processes (Figure 6FG). Also, very rare sperma-
tids were noted (Figure 6E), and a relative low number of
sperm cells as well (Figure 6A, D).

Discussion

In many animal species, STZ induces diabetes that resem-
bles human hyperglycemic nonketotic diabetes mellitus
and this effect has been extensively studied and appears to
be mediated through a lowering of beta cell nicotinamide

Figure 6 Ultra-structural micrograph of seminiferous tubule portion of diabetic rats treated with ethanol extract of Dracaena arborea
(100 mg/kg). Observations from this group are similar to those of group 3. Basement membrane (Bm) of the seminiferous tubule; cell of
lamellated connective tissue (Cc); spermatogonium (Sg); Sertoli cell (Se); primary spermatocyte (Spl); secondary spermatocyte (Spll); spermatid
(St); nucleus (N); mitochondria (m); flagellae of sperm cells (f).
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adenine dinucleotide (NAD+) and results in histopatho-
logic alteration of pancreatic islet beta cells [16,17]. It is
known that the normal spermatogenesis process takes
about 52—53 days in rat against 74 in human. The devel-
opment of the seminiferous epithelium cycle or the
spermatogenetic cycle is segmental in rat, has 14 stages
and takes place in 287.7 hours (12 days), while in human
it is helical, has 6 stages and occurs in 384.6 hours (16
days) [18].It has been demonstrated that, one or more
stages of this spermatogenic process can be altered
during diabetes [3,7,19]. In the present study, we found
that STZ-induced diabetes in rats caused testicular
dysfunction, leading to the dramatic changes in the tes-
ticular morphology and the alteration of spermatogenic
process. This atrophy of the testes is mainly due to the
decrease in testosterone level associated with the ab-
sence or diminution of serum insulin levels, since insu-
lin acts as an anti-apoptotic factor capable to regulate
testicular apoptosis and sexual dysfunction induced by
diabetes [20-22]. Spermatogenesis dysfunction in the
diabetic control group was revealed in electron micro-
graph examinations by the atrophy of the seminiferous
tubules characterized by: the decreased tubule diame-
ters and the thickness of the basement membrane diam-
eter of the seminiferous tubule; the reduction of the
spermatogenic cell series; the modified mitochondria;
the disorganization and degeneration of spermatocytes,
spermatids and sperm germ cells. Seminiferous tubule
atrophy and decrease in spermatogenic cells are import-
ant indicators of spermatogenesis failure. Moreover, dia-
betes increases thickening of the seminiferous tubules
basement membrane and this thickness is accompanied
by a decreased rate of sperm production and an overall
reduction in the size or diameter of seminiferous tu-
bules [23-25]. All these abnormal phenomena observed
in this study could be attributed to the toxic effect of
STZ on male fertility as streptozotocin adversely affects
fertility when administered to male rats, through
disruption of testicular function caused by a decrease in
testosterone levels [26,27].

Testicular tissue damage caused by STZ-induced dia-
betes in rat as observed in this study, could then be re-
sponsible for the reduction and the death of germ cells
[3,4,27]. In mammals, the mechanism of action that re-
sults in cell death has not been fully identified; however,
it is thought to be a result of DNA and chromosomal
damage brought forth by mechanisms involving free
radicals generation during STZ metabolism, resulting in
cell death by apoptosis or necrosis, by increasing the
expression of cytochrome c and caspases 9 and 3, which
in turn result in a high frequency of single and double
stranded DNA breaks [21,26,28]. Therefore, free radi-
cals production resulting in oxidative stress is a popular
theory that explains the etiology and pathophysiology of
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the biological effects of diabetes mellitus, especially in
regard to cell damage, cellular degeneration, and subse-
quent complications [29].

However, when compared to the untreated diabetic
group, three weeks of oral administration of sildenafil
citrate or Dracaena arborea extracts to diabetic rats al-
leviated, although not completely, these ultra-structural
deficits by providing protection against apoptotic germ
cell death and impairment in the spermatogenic process.
Dracaena arborea could then act like sulphurous mineral
water and sodium hydrosulphide on diabetic rat testes
[30]. These reversal effects observed in the treated rats,
especially in the aqueous plant extract-treated animals,
were similar to those of the healthy control group. These
alleviating effects of Dracaena arborea extracts in testicu-
lar damages of STZ diabetic rats are similar to those
obtained after application of hydrated C60 fullerene or
enalapril in STZ-induced diabetic rats [31,32]. Since
oxidative stress and low androgenic hormone levels are
the main causing factors of testicular dysfunction and
impairment of spermatogenesis in diabetic rats [7,33], the
mechanism(s) of alleviation of the testicular lesions seen
in diabetic rats orally given the extracts of Dracaena
arborea, may include the antioxidant [34] and androgenic
effects of flavonoids [35], phenols [36], saponins [37,38]
and phytosterols [39] revealed in the aqueous and
ethanolic extracts of Dracaena arborea. The androgenic
hypothesis could be confirmed by the sexual stimulant
effects of the aqueous and ethanolic extracts of this plant
in the copulatory activity of androgen-deprived (castrated)
rats as previously demonstrated by our research group
[10]. The regulatory effect of sildenafil citrate in spermato-
genic alteration observed in the present study may firstly
be attributed to its steroidogenic activity since it was dem-
onstrated that, inhibition of PDE activity during prolonged
sildenafil treatment increased serum testosterone level and
Leydig cells’ steroidogenic capacity by coordinated stimu-
latory action on cAMP and cGMP signaling pathway [40].
Then, sildenafil citrate may have some neurophysiological
potential on male fertility profile, through the normalization
of spermatogenesis and the improvement of the entire
smooth musculature of reproductive tract as well as
testicular morphology altered by neuropathic diabetes
condition (by reducing the excess accumulation of inter-
stitial collagen and calcification in the smooth muscles of
seminiferous tubules which made them rigid leading to a
decreased sperm motility) [41]. Also, sildenafil citrate ad-
ministration may have cytoprotective effects by reducing
oxidative stress and apoptosis [42,43].

Conclusion

Our results clearly demonstrate that the increased rate of
testicular germ cell death by apoptosis in streptozotocin-
induced diabetic rats was protected and regulated by the
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administration of sildenafil citrate and Dracaena arborea
especially the aqueous extract (500 mg/kg), without having
major anti-hyperglycemic property. These alleviating
effects could be attributed to saponins, flavonoids and
sterols present in this plant, which could be a useful
treatment in preventing and treating diabetes-induced
testicular dysfunction.
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