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Abstract

Introduction: Impart of D-Ribose-L-cysteine on plasma lipoprotein, oxidative status, spermatogenesis and steroidogenesis in male diabetic
rats was investigated.

Methods: Twenty-four adult male wistar rats divided into four groups of six (n=6) rats each, A: Nondiabetic control received 2 ml/kg body
weight (bwt) distilled water, B: Diabetic control given distilled water as placebo, C: 30 mg/kg bwt of D-ribose-L-cysteine treated rats, D: Diabetic
rats treated with 30 mg/kg bwt of D-ribose-L-cysteine twice a day via gastric intubation lasted for 28 days. Parameters tested include: fasting
blood and serum glucose, lipid peroxide, sperm parameters and reproductive hormones.

Results: D-Ribose-L-Cysteine significantly decreased blood and serum glucose, total cholesterol, low density lipoprotein (LDL), high density
lipoprotein (HDL), triglyceride, malondialdehyde (MDA) levels and significantly (p<0.05) improved sperm quality and reproductive hormone in
diabetics’ rats in comparison with normal control rats.

Conclusion: Ribose-L-Cysteine treatment exerted a protective effect against reproductive dysfunction, hyperglycemia and hyperlipidemia
in diabetic rats.

Keywords: D-Ribose; L-Cysteine; Wistar rats; Diabetic rat; Sperm; Hormone; Streptozotocin
Abbreviations: DM: Diabetes Mellitus; ROS: Reactive Oxygen Species; FSH: Follicle Stimulating Hormone; LH: Luteinizing Hormone; STZ:
Streptozotocin; TT: Testosterone; NC: Normal Control; DC: Diabetic Control; DRC: D-Ribose-L-Cysteine Treated Rats; DRCD: D-Ribose-L-Cysteine
Treated Diabetic Rats Miu: Milli International Unit; Ng: Nanograms
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Introduction

Diabetes mellitus (DM) is associated with the production of
reactive oxygen species (ROS) and consequently oxidative stress,
which promotes not only an alteration in the cellular redox state
in the presence of chronic hyperglycaemia, but also reduces the
ability of tissues to utilize carbohydrates, leading to disturbances
in the metabolism of fat and protein [1,2]. [t has been reported that
chronic high blood glucose levels contributed to the formation of
ROS, through several mechanisms such as glucose autoxidation, the
oxidation of protein [3,4] and non-enzymatic glycation of protein,
[5] thus exacerbating oxidative stress. Diabetes mellitus has been
associated with an increased risk of mortality and prevalence of
cardiovascular disease. Atherosclerotic cardiovascular disease

is the main source of morbidity and mortality in patients with
diabetes [6].

In addition, oxidative stress may occur as a consequence of
abnormalities in glucose and lipid metabolism, which favour hy-
perglycemia and dyslipidaemia. These phenomena are associat-
ed with the development of atherosclerosis and cardiovascular
complications in diabetic patients [6,7]. Changes in lipid concen-
tration and consequent disorders of lipid metabolism have been
observed in diabetes mellitus [8]. With Ketosis of diabetes melli-
tus, hyperlipidaemia and hypercholesterolaemia may lead to in-
creased level of lipid peroxidation. This enhances the oxidation of
lipids and lipoproteins exposing a diabetic to dangers of athero-
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Hence there may be an elevated lipid peroxidation in the
plasma of diabetic patients. The World Health Organization
(WHO) has predicted that the number of patients with diabetes
worldwide will double by the year 2025, from the current number
of approximately 150 million to 300 million [2]. It is shown that
DM has detrimental effects on sperm parameters in human and
experimental animals.DM may affect male reproductive functions
at multiple levels including its detrimental effects on endocrine
control of spermatogenesis and/or by impairing erection and
ejaculation [10]. Insulin-dependent diabetes is accompanied by
reduced semen volume and decreased vitality and motility of the
spermatozoa, but no change in seminal viscosity [11].

Infertility is one of the major health problems in life, and
available evidence suggests that 50% of couples with infertility
are male related [12]. Several conditions can interfere with
spermatogenesis and reduce sperm quality and production.
More factors such as drug treatment, chemotherapy, toxins, air
pollutions and insufficient vitamins intake have harmful effects
on spermatogenesis and sperm normal production [13]. Several
studies have reported that antioxidants and vitamin in diet can
protect sperm DNA from free radicals and increase blood-testes
barrier stability [14].

Riboceine is one of the synthetic antioxidants that help
cells produce glutathione on-demand. The active ingredient of
riboceine is D-Ribose-L-Cysteine. Whole glutathione consumption
cannot be effective because it would be destroyed in the digestion
process before reaching the cell. The ribose component of the
Riboceine solves these challenges by effectively protecting and
delivering the fragile cysteine molecule, enabling the cells to
produce glutathione when the cells need it most [15].

L-cysteine is called a semi-essential amino acid because
humans can synthesize it from the amino acid methionine
[16,17] along with a host of proteins, L-cysteine is a precursor of
glutathione, which is considered pivotal for the detoxification of
cellular oxidative stress [16]. Elevated levels of oxidative stress
can potentially impair cellular glucose metabolism via a variety
of mechanisms, including redox imbalance and insulin resistance
[18]. Ammon et al. [19] reported that addition of L-cysteine to the
culture medium potentiates the glucose induced insulin release in
pancreatic islets isolated from female Wistar rats. Dietary intake
of when protein and alpha-lactoalbumin (cysteine rich proteins)
lowers the oxidative stress and insulin resistance induced by
sucrose in rats [20,21]. The present study focused the on ability of
D-Ribose-L-Cysteine to promote spermatogenesis and modulate
follicle stimulating hormone (FSH), luteinizing hormone (LH),
testosterone concentration, lipid profile and oxidative stress.

Materials and Methods
Chemical and riboceine preparation

Streptozotocin (STZ) is purchased from Sigma Chemical Com-
pany St. Louis U.S.A. All assay kits were from Randox Laboratories
Limited UK. All other chemicals (sodium citrate, chloroform) and
reagents used were of analytical grade obtained from reputable

manufacturers. Riboceine supplements were obtained from Max
International, Salt Lake City, Utah, USA. They were dissolved in
phosphate-buffered saline.

Experimental animals

Adult male wistar rats weighing between 150 - 200 g were
obtained from the Animal House, Department of Anatomy, Ladoke
Akintola University of Technology, Ogbomoso, Nigeria Animal
Control Room in well ventilated plastic cages with 12:12 light-
dark cycle at 27+1°C. The animals were acclimatized in well
ventilated cages under ambient environmental conditions for a
period of two weeks before commencement of experiment. They
were maintained on grower’s mash (Farm support Feeds Plc,
Ogbomoso, Oyo State) and provided with water ad libitum. All the
experiments were conducted in accordance with international
laboratory animal use and care guidelines [22]. Study protocols
and ethical issues were approved by the Animal Research and
Ethical Committee of the institution.

Induction of diabetes

Diabetes was induced in rats fasted overnight by a single
intraperitoneal injection of freshly Prepared solution of
streptozotocin (Sigma Chemicals Co., St Loius USA) at 65 mg/kg
in 0.1M cold citrate buffer pH 4.5. The animals were considered
as diabetic if the blood glucose values of the overnight fasted
rats, were > 250 mg/dl on the third day following streptozotocin
injection [23].

Experimental design

Twenty-four (n=24) adult male wistar rats were used for this
study randomly divided into four groups of six rats each. Group
A: Control given only the citrate buffer (0.01M, pH 4.5), Group
B: untreated diabetic (diabetic control), made with a single dose
of streptozotocin (65mg/kg body weight) by intraperitoneal
route. Group C: 30 mg/kg body weight of D-Ribose-L-cysteine
treated rats Group D: Diabetic rats treated with 30 mg/kg body
weight of D-Ribose-L-cysteine twice a day via gastric intubation.
The diabetic rats were then kept for the next 24 hours on 5%
glucose solution bottles in their cages to prevent hypoglycemia.
Blood was collected on every 3 days through the rat’s tail vein for
glucose estimation using One Touch Glucometer; After 28 days
of treatment the body weight and fasting blood glucose, serum
glucose of the animals was again determined.

Analytical procedure

At the end of 28 days of treatment, twelve hours after the
last treatment and after the last food given the animals were
anaesthetized with chloroform and sacrificed. The blood of
each animal was separately collected by cardiac puncture in non
heparinised tubes and allowed to clot. Serum was harvested
following centrifugation using Wisperfuge model 1384 centrifuge
(Tamson, Holland) at 3000 rpm for 15 min to facilitate separation.
The serum thus obtained was used for malondialdehyde level
MDA (product of lipid peroxidation), total cholesterol, LDL-
cholesterol, HDL-cholesterol and triglycerides estimations. Serum
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MDA was measured by a thiobarbituric acid assay procedure, [24]
which was calibrated using 1,1,3,3, -tetraethoxypropane (Sigma
Chemicals, St. Louis, MO, USA.) as a standard. All analysis was
completed within 24 hours of sample collection. Results were
expressed as nanomoles of MDA per millimeter of serum. Serum
total cholesterol was estimated using method of Zak [25] plasma
triglyceride estimated by method of Mendez et al. [26] HDL-C by
Lopez- Vitrella et al. [27] LDL-C and VLDL triglyceride values were
calculated by a modification of the friedewald formular [28].

Semen analysis

The cauda epididymis of the rats was incised and a drop of
epididymal fluid delivered onto a glass slide, covered by a 22 -
22 mm cover slip and examined under the light microscope at a
magnification of -100 while evaluating different fields [29]. For
the purpose of this study, motility was classified as either motile
or non-motile/dead [30] After assessing different microscopic
fields, the relative percentage of motile sperm was estimated and
reported to the nearest 5% using the subjective determination
of motility [31]. The sperm count was determined using the
Neubauer improved haemocytometer. Epididymal fluid ratio of
1:20 was prepared by adding 0.1 ml of fluid to 1.9 ml of water.

The dilution was mixed thoroughly, and both sides of the counting
chamber were scored, and the average taken. Spermatozoa within
five of the red blood cell squares including those which lie across
the outermost lines at the top and right sides were counted, while
those at the bottom and left sides were left out. The number of
spermatozoa counted was expressed in millions/ml [31].

Hormone determination

Hormonal profile of the following endocrine markers (Testos-
terone, Follicule stimulating hormone and Leutenizing hormone)
was carried out using method of immunoassay (ELISA) method
(Randox Laboratories Ltd, Admore Diamond Road, Crumlin, Co.,
Antrim, United Kingdom, Qt94QY). according to the manufactur-
er’s instructions.

Data presentation and statistical analysis

Data were expressed as Mean+SD. Statistical differences
between the groups were evaluated by one-way ANOVA, followed
by Dunnets comparison test to compare between treated and
control groups. Differences yielding p<0.05 were considered
statistically significant. Statistical analyses of data were performed
using GraphPad Prism 5 for Windows (GraphPad Software, San
Diego, California, USA).

Result
Table 1: Body weight, blood glucose and serum glucose in normal, diabetic and D-Ribose-L-Cysteine treated diabetic rats.
Groups Body Weight (g) Fasting Blood Glucose (mg/dl)
Initial Final Weight Gain Initial Final ser(‘;lmmg:‘/‘f;’se
Normal Control 178.6£19.4 202.4+13.5 24+59 79.2+8.2 77.5+5.4 5.3+1.3
Diabetic control 166.8+14.7 141.7+7.9* -25+7.0 382.5+47.7 327.3+31.8* 12.5£1.3**
D-Ribose-L-Cysteine treated rats 162.7+11.4 199.9+14.4* 37.2+3.0%* 84.3+8.8 78.4+3.8 6.2+1.2
D-Ribose-L-Cysteine treated 159.849.9 158.2416.0** -1.6£6.1% 4252382 | 180.6+15.2%*B 8.7+1.2%*
diabetic rats

Values are expressed as Mean = SD, n=6 in each group, *Significantly different from normal control group (p<0.05). **Significantly different from
normal and diabetic controls (p<0.05). B Significantly different from Initial Fasting Blood glucose (p<0.05), One-Way ANOVA

Body weight, blood glucose and serum glucose in normal,
diabetic, D-Ribose-L-Cysteine treated rats and D-Ribose-L-
Cysteine treated diabetic rats. There was a significant increased
(p<0.05) in fasting blood glucose and decreased (p<0.05) in body
weight in streptozotocin induced diabetic rats in comparison
with the normal control. The body weight slightly increased and
the fasting blood glucose significantly decreased in diabetic rats
when treated with D-Ribose-L-Cysteine. The serum glucose level
in the diabetic control group (12.5+1.3 mmo/dl) was significantly
(P<0.05) higher compared to normal control group (5.3#1.3
mmol/L), while treated diabetic rats showed a rather significant

decreased (P<0.05) in the serum glucose (8.7+1.2mmol/L,
compared with the diabetic control group (Table.1). Serum lipid
profile in normal, diabetic, D-Ribose-L-Cysteine treated rats and
D-Ribose-L-Cysteine treated diabetic rats

Table 2 shows the changes in serum lipid concentration
following a 28-day treatment period. The mean value of serum
MDA levels (end-product of lipid peroxidation) in diabetic rat
(6.77+0.78) significantly increased (p<0.05) when compared
with the control but significantly decreased (4.92+0.89) (p<0.05)
in diabetic rats treated with D-Ribose-L-Cysteine.

Table 2: Serum Lipid Peroxide, lipid profile in normal, diabetic, D-Ribose-L-Cysteine treated rats and D-Ribose-L-Cysteine treated diabetic rats.

Groups Parameters
MDA (nmol/ | Total Cholester- | HDL- Cholesterol LDL- Cholesterol Triglyceride
ml) ol (mg/dl) (mg/d1) (mg/d1) (mg/d1)
Normal Control 4.70+0.90 107.50+£7.80 13.42+4.76 44.88+14.19 89.40+14.49
Diabetic control 6.77+0.78* 118.60+6.38* 62.10+£13.43* 69.88+14.07* 110.60+14.97*
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D-Ribose-L-Cysteine treated rats 3.12+0.76**

95.50+10.50**

18.01+7.20** 45.23+12.14 85.49+13.80*

4.92+0.89**

D-Ribose-L-Cysteine treated diabetic rats

103.00+7.30*

42.00+9.41** 32.51+12.81* 91.62+14.20*

Values are expressed as Mean + SD, n=6 in each group, *Significantly different from normal control group (p<0.05). ** Significantly different from
normal and diabetic controls (p<0.05). § Significantly different from Initial Fasting Blood glucose (p<0.05), One-Way ANOVA

The mean values of Total cholesterol, HDL-cholesterol levels,
LDL-cholesterol and triglycerides (118.60+6.38, 62.10+13.43,
69.88+14.07and 110.60+14.97) were significantly higher
(p<0.05) in diabetic control rats compared to the treated rats,
treated diabetic rats, and normal control rats (95.50+10.50,
18.01+7.20, 45.23+12.14, 85.49+13.80),(103.00+7.30,
42.00£9.41, 32.51+12.81, 91.62+14.20) and (107.50+7.80,
13.42+4.76, 44.88+14.19, 89.40£14.49). LDL-cholesterol levels
of rats treated with D-Ribose-L-Cysteine are not significantly
different when compared with the normal control rats. Sperm

parameters in normal, diabetic, D-Ribose-L-Cysteine treated rats
and D-Ribose-L-Cysteine treated diabetic rats.

Sperm motility

The mean sperm motility after 28days of treatment in the
control group was (85.7£9.1). The mean value sperm motility in
diabetes group was significantly lower (33.3+7.5, p<0.05) when
compared to the control group. The mean sperm motility in
D-Ribose-L-Cysteine treated rats and D-Ribose-L-Cysteine treated
diabetic rats was significantly high (92.4 +5.9 and 67.6%9.6,
p<0.05) when compared to the diabetic control group (Figure 1).
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Figure 1: Sperm motility, morphology and count in normal, diabetic, D-Ribose-L-Cysteine treated rats and D-Ribose-L-Cysteine treated
diabetic rats. Values are expressed as Mean * SD, n=6 in each group, *Significantly different from normal control group (p<0.05).
**Significantly different from normal and diabetic controls (p<0.05). One-Way ANOVA. NC: Normal Control; DC: Diabetic control; DRC:
D-Ribose-L-Cysteine treated rats; DRCD: D-Ribose-L-Cysteine treated diabetic rats.
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The mean sperm morphology after 28days of treatment in
the control group was (86.01 +7.40, p<0.05). The mean sperm
morphology in diabetes control group was significantly lower
(37.00£6.30, p<0.05) when compared to the control group. There

Sperm count

was significant increased (p<0.05) in mean sperm morphology in
D-Ribose-L-Cysteine treated rats and D-Ribose-L-Cysteine treated
diabetic rats (85.60 * 7.00 and 66.90+10.1) in comparison with
diabetic control group (Figure 1).
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Figure 2: Serum Testosterone, Follicule stimulating hormone and Leutenizing hormone in normal, diabetic, D-Ribose-L-Cysteine treated
rats and D-Ribose-L-Cysteine treated diabetic rats. Values are expressed as Mean + SD, n=6 in each group, *Significantly different
from normal control group (p<0.05). **Significantly different from normal and diabetic controls (p<0.05). One-Way ANOVA, FSH: Follicle
stimulating hormone; LH: Leutinizing hormone; Miu: Milli international unit; ng: Nanogramme; NC: Normal Control; DC: Diabetic control;
DRC: D-Ribose-L-Cysteine treated rats; DRCD: D-Ribose-L-Cysteine treated diabetic rats.
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The mean sperm count value after 28days of treatment in the
control group was (86.01 * 7.40, p<0.05). There was significant
decreased in mean sperm count value in diabetic control group
(33.51+ 6.30, p<0.05) when compared with normal control,
D-Ribose-L-Cysteine treated rats and D-Ribose-L-Cysteine treated
diabetic rats (86.01 + 7.40,92.40+ 7.00 and 74.71+ 11.80, p<0.05)
(Figure 1). Serum Testosterone, Follicule stimulating hormone
and Leutenizing hormone in normal, diabetic, D-Ribose-L-
Cysteine treated rats and D-Ribose-L-Cysteine treated diabetic
rats. Compared with the control, animals in the diabetic control
group had significantly reduced Serum Testosterone (TT),
Follicule stimulating hormone (FSH) and Leutenizing hormone
(LH) (p <0.05) levels however there was significant elevation (p
<0.05) in mean value of TT, FSH and LH of D-Ribose-L-Cysteine
treated rats and D-Ribose-L-Cysteine treated diabetic rats when
compared with diabetic control rats (Figure 2).

Discussion

This study was conducted in order to investigate the
antidiabetic and antifertility activity of D-Ribose-L-Cysteine in
STZ induced diabetes in rats. Induction of diabetes increased
the fasting blood sugar in the diabetic male rats. Streptozocin-
induced hyperglycaemia has been described as a useful
experimental model to study the activity of antidiabetic agents
[32]. Streptozocin selectively destroyed the pancreatic insulin
secreting B cells, leaving less active cell resulting in a diabetic
state [33] which was the observation in diabetic control of this
study. The present results indicate significant increase in blood
and serum glucose levels in diabetic rats. The administration
of D-Ribose-L-Cysteine actually reduces the blood and serum
glucose levels in diabetic rats. This suggests that the supplement
has hypoglycemic activities which led to a fall in blood sugar levels
after 28days of administration in diabetic rats.

This study confirms the earlier findings that D-Ribose-
L-Cysteine has anti diabetic effect, L-Cysteine supplemented
diabetic rats showed significantly lower (p<0.05) glucose
levels compared with diabetics control rats after 8 weeks of
supplementation [34]. Our data shows that the rats’ body weight
decreased during the course of diabetes; these results were in
accordance as reported by Ozdemir et al. [35], who attributed the
reduction of body weight to the breakdown of tissue protein in the
diabetic group. Diabetes causes a significant increment in skeletal
muscle catabolism along with a decline in protein synthesis [36]
Diabetes provoked a state of oxidative injury that was proved
by an increase in levels of MDA. Mustafa et al. [37] reported a
noticeable increase in lipid peroxidation product, MDA, levels in
diabetic rats. In diabetes, the levels of serum lipids (cholesterol,
free fatty acids and phospholipids) are usually elevated. The
marked hyperlipaemia that characterizes the diabetic state is a
consequence of the uninhibited actions of lipolytic hormones on
the fat depots [38,39].

Accelerated, [-oxidation stemming from increased fat
mobilization (a consequence of insulin deprivation) generates

a high concentration of acetyl CoA in the liver and is channeled

to cholesterol and triacylglycerol synthesis given that fatty acid
synthesis is impaired. These are usually exported to blood as
VLDL where they also meet decreased utilization as a result of
the inhibition of degradation-hormone sensitive lipoprotein
lipase, by lack of insulin. These accumulate in blood to constitute
hypercholesterolemia and triacylglycerolemia of diabetes as
evident in this study. Induction of diabetes in this study caused
significant increase serum triglycerides, total cholesterol, LDL
cholesterol, HDL cholesterol and serum MDA in diabetic controls
rats compared to normal control rats are in conformation with
previous reports documenting elevated serum triglyceride and
lipid peroxide levels in diabetic subjects [8].

In this study administration of D-Ribose-L-Cysteine signifi-
cantly reduced triglyceride and suppressed free radical induced
oxidative damage. This may be due to the anti-oxidative protec-
tive effects of D-ribose and L-cysteine. The presence of cysteine
in the body’s cells enables the production of glutathione, while
ribose produces cellular energy. It is the interaction between D-ri-
bose and L-cysteine that facilitates the production of glutathione.
The glutathione within the cell protects against destruction from
free-radical damage. Providing support to glutathione, improves
ATP production by allowing mitochondria to manufacture ATP,
controlling free radicals on an ongoing basis.

In current study results revealed that diabetes could be
a predisposing factor to male infertility as recorded in the
semen parameters (Figure 1). This is due to the fact that
hyperglycaemia which is seen in diabetes was a consequence of
failure of glucose to enter the cells of the testes grossly affected
the Sertoli and Leydig cells which are to produce testosterone
and sperm cells through spermatogenesis, this provoke possible
development of low testosterone level/hypogonadism becomes
very high, hypogonadism would result to reduction in the rate
of spermatogenesis and finally the sperm count, motility and
morphology. This was in consonance with previous report of
researchers who established a bidirectional relationship between
diabetes and hypogonadism, stating that diabetes could result to
infertility in male rats [40,41].

Hyperglycemia of diabetic’s mellitus elevate the level of ROS
that produces DNA destruction in testis and a major reduction
in sperm parameters such as sperm motility, count, and viability
[42]. However D-Ribose-L-Cysteine improves the sperm quality by
scavenging the ROS and activate testicular enzymatic antioxidant
status which support the report of Benedict et al. [15] that
D-ribose and L-cysteine (Riboceine) was found to boost fertility
in male Sprague-Dawley rats. D-ribose and L-cysteine at a dose
of 30 mg/kg of body weight significantly boosted andrological
parameters. Diabetic rats exhibit a marked decrease in sperm
concentration, live sperm percentage, and an increased sperm
abnormality which is in accordance as reported by Scarano et
al. [43], that diabetic rats had pronounced reduction in sperm
quantity and quality due to associated oxidative injuries. Also,
diabetes-induced oxidative-stress has been reported to cause
peroxidation of sperm membrane lipid which might interfere
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with membrane fluidity and transport processes [44]. In view of
this, appearance of various abnormal sperm shapes could be due
to abnormal membrane or cellular and nuclear changes induced
by diabetes [45]. Treatment of the diabetics rats with D-Ribose-
L-Cysteine prevents the increase in the amount of testis lipid
peroxidation oxidation (LPO) in diabetic rats. In both diabetic rats
[46] and humans, [47]. LPO was the major cause of sperm damage.

In this study there was significant reductions in Serum
Testosterone (TT), Follicule stimulating hormone (FSH) and
Leutenizing hormone (LH) levels in diabetics rats however
there was significant elevation in mean value of TT, FSH and LH
of D-Ribose-L-Cysteine treated rats and D-Ribose-L-Cysteine
treated diabetic rats when compared with diabetic control rats
(Figure 2). since testosterone is crucial for spermatogenesis and
high testosterone level is essential for the normal physiology of
seminiferous tubules [48] we therefore deduced from our finds
that Ribose-L-Cysteine have potency to improve deteriorated TT,
FSH and LH level which is crucial for the normal physiology of
seminiferous tubules in male diabetic’s rats.

Conclusion

In conclusion because of beneficiary effects D-Ribose and
L-Cysteine (Riboceine) on treated rats and diabetics male rats.
D-Ribose-L-Cysteine therefore revealed in current study to
attenuate the oxidative stress in streptozotocin induced diabetes
on plasma lipoprotein, oxidative status, spermatogenesis and
steroidogenesis. D-Ribose-L-Cysteine supplementation could
be used as an adjuvant therapy for the reduction of infertility in
diabetics subject because of its potent antioxidant property.
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