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Testicular Energy Metabolism Impairment and Dyslipidemia Induced
by Cadmium Chloride in Rats: Ameliorative Effect of Polyherbal
Remedies, STC30 and PurXcel.
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Introduction: Exposure to Cadmium is associated with oxidative stress. PurXcel and STC30 are
polyherbal remedies rich in antioxidants. Their effects on Cadmium-induced dyslipidemia and

Objectives: To achieve our aim, testicular energy metabolism ((lactate, pyruvate, fructose) and

Methods: Thirty five male wistar rats were randomly assigned into seven groups of five rats each,
control, Cadmium-only, PurXcel-only, STC30-only, Cadmium+PurXcel, Cadmium+STC30 and
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metabolism, impaired testicular energy metabolism are unknown.

dyslipidemia,

Cadmium, serum lipid profile were assayed.

STC30,

PurXcel,

impairment. Cadmium+PurXcel+STC30. The duration of daily administrations was 28 days.

Results: Testicular concentrations of fructose, pyruvate and lactate were significantly reduced in the
Cadmium-only group compared with the control but which was higher in all PurXcel or STC30-
treated groups whether singly or in combination with Cadmium than in the Cadmium-only group.
Serum total cholesterol and triglyceride were increased in the Cadmium-only group compared with
the control but lower in the PurXcel-only, STC30-only and in the Cadmium+PurXcel+STC30 than
in the Cadmium-only groups. The high density lipoprotein cholesterol in the Cadmium-only group
was decreased compared with the control but higher in all PurXcel or STC30-treated groups than in
the Cadmium-only groups. Low density lipoprotein cholesterol was increased in the Cadmium-only
group compared with the control though lower in all PurXcel or STC30-treatment groups, singly or
in combination with Cadmium in the Cadmium-only group.

Conclusion: Cadmium-impaired testicular energy and lipid metabolisms are ameliorated by
PurXcel or STC30, which if administered singly to normal rats have no significant effects on
testicular energy or lipid metabolism.

Introduction:

Cadmium has a wide range of applications. It is

Cadmium (Cd) is a soft malleable bluish white
metal found especially in zinc ores, zinc by-products
and to a much lesser extent, in the Cadmium mineral
greenokite. It is a toxic non-essential metal that posses a
health risk to both humans and animals [1]. Cadmium is
naturally occurring in the environment as a pollutant
derived from industrial and agricultural sources [2].
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used in making of battery, plastics, paints, antirust
coatings glass, fertilizers, solar panel semiconductors
Led television, photocopier drums, cigarette as well as
in electroplating [3,4,5], electronic and plastic
recycling, waste collectors, municipal incinerators,
welders and painters are frequently exposed to
Cadmium [2]. It can therefore be seen that Cadmium
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exposure and its possible effects are major issues.

Exposure to Cd occurs primarily by ingestions of
contaminated water sources and food as well as by
inhalation. It is easily transported from soil unto plants
consumed by animals and humans. Exposure occurs
also by consuming plants grown in soils contaminated
with Cadmium. Exposure to Cd has been associated
with several detrimental effects on health [6]. Such
exposures have been associated with nephropathies [7],
female reproductive impairment [8], male reproductive
toxicity [9,10] as well as dyslipidemia [11,12].

Dyslipidemia is an increases in total cholesterol,
triglycerides, low density lipoprotein and a decreased
HDL. In a cross-sectional study, exposure to Cadmium
was associated with dyslipidaemia in a dose-dependent
manner [11,13]. Dyslipidemia has been implicated as a
major factor in cardiovascular diseases [14].
Dyslipidemia is not only a consequence of impaired
glucose metabolism but also a cause of it [15]. It has
also been linked with alteration in semen and testicular
quality and infertility [16,17]. Dyslipidemia is
connected with reduced pyruvate, lactate
dehydrogenase and citrate synthase activities as well as
reduction in sperm content of ATP and increase in
sperm oxidative damage [16,18].

Cadmium  cytotoxicity is associated with
imbalances in redox status of tissues like increased
malondialdehyde concentration and reduced
gluuthathione  peroxidase levels [19]. This s
strengthened by the observed improvement in redox
status in experimental animal models with Cadmium-
induced toxicity treated with wvarious antioxidant
[9,10,20].

There has been growing interest and patronage in
natural or polyherbal remedies as they are believed to
be natural, have fewer side effects and very often within
reach of the ordinary man [21,22]. These remedies
which are usually enriched with antioxidants are used to
treat a wide range of diseases as well as supplementing
body stores of some essential ingredients [23,24].
Antioxidants play critical role in maintaining the Redox
status of tissues [25]. Their patronage is increasing with
all sort of claims about their efficacies, most of which
have not been scientifically authenticated [20,26,27,28].
PurXcel and STC30 are examples of such polyherbal
formulations.

PurXcel is a proprietary product of LivePure,
Frisco, Texas, USA. It is a polyherbal product that is
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said to contain about 18 conplementary ingredients like
glutathione. Aloe acemannan, superoxide dismutase,
vitamin C, Selenium, alpha lipoic acid, turmeric,
broccoli, moringa oleifera, blueberry, schisandra, grape
seed extract, pomegranate and black pepper extract
[29], PurXcel is claimed to be hepatoprotective, anti-
aging, immune boaster, as well as improves redox status
and reproductive health [29]. There is however, paucity
of information on these claims scientifically.

Superlife Total Care 30 (STC30) is another
polyherbal remedy, a proprietary product of Superlife
World, Kualar Lumpur, Malaysia. The ingredients in
STC30 include blackcuriant, juice powder (which is
rich in antioxidants, anthocyanins and polyphenolic
substances), bilberry extract, vitis vinifera etc [30]. This
product is claimed to rejuvenate, detoxifies and helps
regenerate damaged cells and tissues by activating stem
cells in the body. It is also said to combat aging,
supports healthy immune system and improves the
redox status of the body [30]. Although most of these
claims are yet to be substantiated scientifically, few
studies have been done on STC30. A significant
improvement in renal function impairment (urea,
creatinine, glumenular filtration rate and electrolytes)
and elevated serum C- Reactive protein induced by
carbon tetrachloride was observed by [31,32]. In
another study, improvement in liver function indices in
animal model of CCl4-induced hepatocellular
carcinoma was observed [33]. In their toxicological
studies, [34] found the LD50 of STC30 to be greater
than 5000.

From the fore-going, it may be seen that most of
the beneficial health claims of STC30 and PurXcel have
not been substantiated despite their wide popularity and
patronage. It therefore became necessary to evaluate the
possible effects of these remedies on lipid profile and
testicular energy metabolism in rats following
administration of Cadmium.

Materials and Methods:
Ethical approval

The approval for this study (Approval No.
256PHY?2103) was issued by the Animal Research
Ethics Committee of the Faculty of Basic Medical
Sciences, University of Calabar Calabar Nigeria.
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Chemicals

The chemicals included PurXcel (LivePure,
Frisco, Texas, USA) purchased from Puregen African
Nigeria Limited, Lagos, Nigeria, Cadmium Chloride,
(Sigma-Aldrich, Chemical Company, St Louis, MO,
USA) and STC30 (Superlife World, Malaysia).
Acute toxicity studies

The acute toxicity studies of PurXcel and STC30
were determined using Lorke's method [35] with a
follow-up using the Up-and-down method described by
[36].
Laboratory animals

Thirty five male Wistar rats weighing 250 to 300 g
were purchased and housed in plastic cages in the
Animal House of the Department of Physiology,
University of Calabar. They were given free access to
drinking water and rat chow. The rats were handled in
line with international guidelines.
Experimental design

The thirty five rats were randomly assigned to 7
groups of five rats each. Group 1 served as the control,
group 2 was Cadmium-only group (administered with
5mg/kg of Cadmium Chloride) as used by [37] while
group 3 was PurXcel-only group. Group 4 was STC30-
only, group 5 was Cadmium+Purxcel, group 6
Cadmium+STC3 group while group 7 was the
Cadmium+PurXcel+STC30 group. PurXcel was given
at a dose of 38.4mg/kg while STC30 was administered
at 132.7mg/kg. All drugs were administered daily by
gavaging for 28 days The animals were weighed
regularly and the amount of their drugs adjusted
accordingly.
Sample collection

At the end of the experimentation period, the rats
were anaesthetized and blood samples collected from
them via cardiac puncture into prelabelled plain sample
bottles for determination of lipid profile. They were
then sacrificed and their testicles extracted for
evaluation of testicular energy metabolism.
Preparation of testicular homogenate: The left testis
of each rat was homogenized separately in 50mm Tris-
Hcl buffer (pH 7.4) which contains 1.15% KCI to
prepare  20% (15 w/v) tissue homogenate.
Homogenization was carried out using Potter Elvelyen
Homogenizer (BEE International, Apion Company,
USA). The homogenized tissue was then centrifuged in
a cool centrifuge (USCF0424AR  Multipurpose
Centrifuge, Guanghzhon, China) at 10000g for 10
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minutes. The supernatant was then obtained for the
determination of parameters.

Determination of testicular energy metabolism
Testicular fructose

This was done in testicular homogenate by
colorimetric method using Fructose Assay Kits
(BioAssay systems Hayward, CA, USA). The reagent
systems react directly and specifically with fructose to
form a coloured product whose optical density was read
at 565nm with a microplate. The manufactuer’s
protocol was followed and the concentration of fructose
calculated using the formula :
[Fructose] = OD sample - OD H,O x n (M)

Slope (UM™)

Where n is the dilution factor
Testicular pyruvate

This was done in testicular homogenate using
pyruvate kit (BioAssay systems, Hayward, CA, USA)
and following the manufacturer’s protocols. The
procedure involved addition of a single working reagent
to 10ul of homogenate and incubating the mixture for
30 minutes at 100m temperature. The optical density
was read at 570 nm.
Testicular lactate

This was done with lactate kit (BioAssay systems
Hayward, CA, USA) according to manufacturer’s
protocol. This is based on lactate dehydrogenase-
catalysed oxidation of lactate. The optical density at
time zero was read at 568nm and after 20 minutes of
incubation at room temperature

Serum lipid profile estimation
Total cholesterol (TC)

This was done using enzymatic colorimetric test
kit method of [38] and used by [39]. In this method, the
degree of cholesterol ester cleavage through catalytic
hydrolysis by cholesterol esterase is achieved. The free
cholesterol is then oxidized to cholestene-3-one and
hydrogen peroxide in a reaction catalyzed by
cholesterol oxidase. The released hydrogen peroxide
combines with phenol and 4-amino-antipyrine to form a
coloured quinonemine whose optical density is read at
540nm.

Triglycerides (TG)
The serum TG concentration was evaluated as
described by [40] using commercially available Kits.
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Triglycerides are hydrolyzed enzymatically to fatty
acids and glycerol which is phosphorylated by a
glycerol kinase to glycerol-3-phosphate. The final
product of these reactions is a coloured quinoneinine
dye and its optical density read colorimetrically at
540nm.

High density lipoprotein cholesterol (HDL-C)

This was assayed as described by [38] using
commercially acquired reagents. The samples were
mixed thoroughly and allowed to stand for 10 minutes
in a water bath (37°) all at room temperature. The
optical density of the precipitate/product formed from
these reactions was read and HDL-c computed as:
HDL-c = Absorbance of test X
concentration of standard (2.3 mmolL™)

Absorbance of standard

The result was then multiplied by 3.0 dilution
factor:

Very low density lipoprotein (VLDL) and low
density lipoprotein (LDL)

These were computed based on Friedewald
formula [41] or relationship thus:
LDL-c=TC - (HDL-c + VLDL-c)
VLDL-c (mg/dL) = serum total Triglyceride /5

Results::

Comparison of testicular energy metabolism in
different experimental groups

Fructose Concentration (ng/mg protein)

The fructose concentration in the Cadmium-
only group (0.50+0.16) was significantly reduced
(p<0.05) compared with the control (1.42+0.15) but
higher (p<0.05) in the PurXcel-only (1.64+0.31),
STC30-only (1.76+0.30), Cd+PurXcel (1.1240.40),
Cadmium+STC30 (1.18+0.29) and
Cd+PurXcel+STC30 (1.32+0.19) groups than in the
Cadmium-only group as shown in Fig. 1.

Lactate concentration (ng/mg protein)

Testicular concentrations of lactate in the
control, Cadmium-only, PurXcel-only, STC30-only,
Cadmium+ PurXcel, Cadmium+STC-30  and
Cadmium+PurXcel+Cadmium groups were 1.96x 0.24,
0.80+0.34, 2.02+ 0.40, 2.06+0.38, 1.42+0.18, 1.38+0.28
and 1.62+0.24 respectively. Lactate concentration was
significantly reduced (p<0.05) in the Cadmium-only
group compared with the control (p<0.05) but increased
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in all STC30 or PurXcel administered groups compared
with the Cadmium-only group (p<0.05). It was higher
in the PurXcel-only and STC30-only groups than in the
Cadmium+PurXcel or Cadmium+STC30 groups as
shown in Fig. 2.

Pyruvate Concentration (ng/mg protein)

The concentration of pyruvate was
significantly reduced (p<0.05) in the Cadmium-only
(0.76+0.28) compared with the control (2.50+0.46), but
higher in the PurXcel-only (2.44¥0.23), STC30-only
(2.5240.28), Cadmium-+PurXcel (1.7240.29),
Cadmium+STC30 (1.86+0.32) and
Cadmium+PurXcel+STC30 groups than in the
Cadmium-only group. It was significantly lower in the
Cd+STC30 and Cadmium+STC30 groups than in the
PurXcel-only and STC30-only groups as shown in Fig.
3.

Comparison of serum lipid profile
Total cholestorol (mmol/l)

The total cholestorol was significantly
increased (p<0.05) in the Cadmium-only group
(1.78+0.08) compared with control (1.38+0.22) but
lower (p<0.05) in PurXcel-only (1.30£0.16), STC30-
only (1.42+0.15) and Cd+PurXcel+STC30 (1.32+0.13)
groups than in the Cadmium—only group. No significant
differences were found in the Cadmium+PurXcel
(1.4440.23) and Cadmium+STC30 (1.54+0.21)
compared with other groups as shown in Table 1.
Triglycerides (mmol/L)

The triglyceride concentration was
significantly increased (p<0.05) in the Cadmium-only
group (1.384£0.15) compared with the control
(0.80¥0.10) but lower (p<0.05) in the PurXcel-only
(0.5410.21), STC30-only (0.6410.19) and
Cd+PurXcel+STC30 groups than in the Cadmium-only
group. There were no significant differnces between the
Cadmium+PurXcel (0.62+0.19) and Cadmium+STC30
(0.7240.15) groups as shown in Table 1.

High density lipoprotein cholesterol (mmol/L)

High density lipoprotein cholesterol was
significantly decreased (p<0.05) in the Cadmium-only
group (0.20£0.12) compared with the control
(0.54+0.18) but significantly higher (p<0.05) in the
PurXcel-only (0.78+0.11), STC30-only (0.76+0.17),
Cadmium+PurXcel (0.62+0.19), Cadmium+STC30
(0.66+0.18) and Cadmium+PurXcel+STC30
(0.70+0.16) groups than in the Cadmium-only group as
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shown in Table 1.

Low density lipoprotein cholesterol (mmol/L)

Serum concentration of LDL-C in the
Cadmium-only group (1.24+0.23) was significantly
increased (p<0.05) compared with the control
(0.704£0.16) but significantly lower (p<0.05) in the
PurXcel-only (0.52+0.19), STC30-only (0.40+0.18),
Cadmium+PurXcel (0.66+0.11), Cadmium+STC30
(0.7240.15) and Cadmium+PurXcel+STC30
(0.54+0.11) groups than in the Cadmium-only group as
shown in Table 1.

Very low density lipoprotein cholesterol (mmol/L)

Serum VLDL-C was significantly increased
(p<0.05) in the Cadmium-only group (1.12+0.26)
compared with control (0.3620.11) but lower (p,0.05) in
the PurXcel-only (0.24+0.09), STC30-only (0.32+0.18),
Cadmium+PurXcel (6.44+0.21), Cadmium+STC30
(0.58+0.16) and Cadmium+PurXcel+STC30 (0.46+
0.19) groups than in the Cadmium-only group as shown
in Table 1
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Fig. 1: Intratesticular fructose level in the different experimental
groups.

Values are expressed as mean +SEM, n = 5.
* = p<0.05 vs Control
a = p<0.05 vs Cadmium
c =p<0.05vs STC30
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Intra-testicular lactate level (ng/ mg protein)

Intra-testicular pyruvate level {ng/ mg protein)
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FIG. 2 Intra-testicular lactate level in the different experimental
groups.

Values are expressed as mean +SEM, n = 5.
* = p=<0.05 vs Control
a = p<0.05vs Cadmium
b = p<0.05 vs PurXcel
c = p=<0.05vs STC30
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Fig. 3: Infra-testicular pyruvate level in the different experimental
group.

Values are expressed as mean +SEM, n = 5.
* = p=<0.05vs Control
a = p<0.05vs Cadmium
b = p=<0.05 vs PurXcel
€ =p=<0.05vs STC30
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TABLE 1: Serum lipids concentration of the different experimental groups

TC TG HDL-c LDL-c VLDL-c
Variable (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L)
Control 1.38 0.80 0.54 0.70 0.36
+0.22 +0.10 +0.18 +0.16 +0.11
Cadmium 1.78 1.38 0.20 1.24 1.12
+0.08* +0.15* +0.12* +0.23* +0.26*
PurXcel 1.30 0.54 0.78 0.52 0.24
+0.16% +0.212 +0.112 +0.192 +0.092
STC30 1.42 0.64 0.76 0.40 0.32
+0.152 +0.19? +0.172 +0.162 +0.182
Cd+PurXcel 1.44 0.62 0.62 0.66 0.44
+0.23 +0.192 +0.192 +0.112 +0.212
Cd+STC30 1.54 0.72 0.66 0.72 0.58
+0.21 +0.152 +0.182 +0.15% +0.162
Cd+PurXcel+STC30 1.32 0.52 0.70 0.54 0.46
+0.132 +0.192 +0.162 +0.112 +0.192

Values are expressed as mean +SEM, n =5,
* = p<0.05 vs Control
a = p<0.05 vs Cadmium

Discussion:

There is an increasing preparation and patronage of
polyherbal remedies including STC30 and PurXcel with
many, but scientifically unsubstantiated claims. In this
study, we evaluated the effects of PurXcel and STC30
on testicular energy metabolism, and serum lipid profile
in male wistar rats exposed to Cadmium.

The decrease in the concentration of fructose in the
Cadmium-only rats compared with the control noted in
this study suggests that Cadmium impairs fructose
availability to testicular cells by yet to be identified
mechanisms. This could impair sperm function as
fructose is necessary for testicular energy need [42].
This was however prevented in all the groups
administered PurXcel, STC30 or both. This might have
been due to possible antioxidant effect of PurXcel and
STC30. One of the mechanisms of the cytotoxicity from
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Cadmium is oxidative stress [10]. Antioxidants have
been known to ameliorate oxidative stress damage to
tissues [43], Optimal energy metabolism is essential for
the maintenance of spermatogenesis.

Lactate concentration in testicular tissue was
significantly reduced in the Cadmium-only group
compared with the control which suggests that
Cadmium impairs testicular energy metabolism which
could in part be due to interference with processes that
affect normal availability of lactate to testicular cells.
Energy metabolism in testis exhibits some specificity in
that lactate is the central energy metabolite used by
germ cells [44]. The significantly higher concentration
of lactate in all groups where Cadmium was co-
administered with STC30, PurXcel or both compared
with the Cadmium-only group suggests the ability of
these polyherbals to interfere with the mechanism by
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which  Cadmium causes the impaired lactate
metabolism.

The observed reduction in testicular pyruvate in
the Cadmium-only group compared with the control
was prevented in all PurXcel or STC30-treated groups.
It was however lower in the Cadmium-administered
groups treated with either PurXcel or STC30 than in
normal rats given PurXcel or STC30. This suggests that
STC30 and PurXcel administered alone or in
combination ameliorate the pyruvate-reducing effect of
Cadmium in the testis. Pyruvate plays a key role in
testicular energy metabolism [45].

The increase in total cholesterol observed in the
Cadmium-only administered group compared with the
control is similar to the findings by [11]. The
synergistic effect of STC30 and PurXcel to ameliorate
Cadmium-induced hypercholesterolaemia is seen in the
Cadmium-administered group treated with both PurXcel
and STC30.

The observed increase in triglyceride concentration
in the Cadmium-only group compared with the control
is similar to the findings by [11]. When administered
alone, neither STC30 nor PurXcel could prevent the
Cadmiume-induced hypertriglyceridemia. The reduction
in triglyceride concentration in the
Cadmium+STC30+PurXcel group compared with the
Cadmium-only, Cadmium+PurXcel and
Cadmium+STC30 points to the synergistic effect of
STC30 and PurXcel to prevent Cadmium-induced
hypertriglyceridemia.

The Cadmium-induced decrease in HDL-c
concentration and the increases in the concentration of
LDH and VLDL-C seen in this study are comparable to
findings reported by [11,26]. The coadministration of
PurXcel or STC30 with Cadmium prevented these
alterations in lipid profile. Dyslipidemia has negative
impacts on cardiovascular  function, testicular
parameters and energy metabolism [26,46,47].

Conclusion

PurXcel or STC30 ameliorate Cadmium-
induced derangement in testicular energy metabolism
and dyslipidemia but have no significant effect on
testicular metabolism and serum lipid profile if given to
normal rats.
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