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whether C. speciosus can ameliorate lead acetate (PbAc)-induced toxicity. This investigation

set out to determine whether or not C. speciosus rhizome extracts in water, petroleum ether,
and methanol could mitigate the hepatorenal toxicities caused by PbAc in rats. Animals were
randomly assigned to five groups (n = 15 in each group), with each group further subcategorized into
three subgroups (n = 5) according to exposure duration: normal control (Cnt), PbAc, and the
remaining three groups treated with aqueous, petroleum ether, and methanolic C. speciosus rhizome
extracts. The results showed that the harmful effects of PbAc were mitigated by all extracts as
evidenced by 1) reduced blood glucose, 2) decreased liver (ALT, AST, and total bilirubin) and kidney
(creatinine, urea, uric acid) function markers, 3) repressed lipid profile parameters (TG, TC, and
LDL), 4) elevated serum levels of total protein, albumin, and HDL, 5) declined liver levels of lipid
peroxidation marker (MDA), and 6) increased liver antioxidant enzymes (SOD, CAT, GPx) and GSH
level. The most significant protection against PbAc poisoning was seen after one moth of treatment
with the methanolic extract. Inhibition of oxidative stress and increase of antioxidant enzyme activity
are two mechanisms by which C. speciosus extracts may ameliorate PbAc-induced hepato- and reno-
toxicities. Since PbAc is toxic to livers and kidneys, these extracts, notably the methanolic extract,
may serve as valuable ameliorative agents.

C ostus speciosus was succefully used to relieve much toxicity, however it is still unknown

Keywords: Lead toxicity, Costus speciosus, Antioxidant activity, Oxidative Stress.

Introduction superoxide dismutase (SOD), catalase (CAT), and
glutathione peroxidase (GPx) [1-3]. PbAc can also
significantly reduce cholesterol, triglycerides and
HDL and increase LDL in rats [2,4]. Several
previous studies reported antioxidant,
hypolipidemic, hepatoprotective, antidiabetic, anti-
hemolytic effects for the traditional medicinal herb,
Costus  speciosus (Koen. Sm, family:
Zingiberaceae) [5-8]. The phenolic compounds and
flavonoids found in C. speciosus are responsible for
its antioxidant action, which helps protect cells
from free radicals and lipid peroxidation [6]. The
hypolipidemic effect of C. speciosus was due to its
methanolic extract components, sitosterol and
diosgenin, which can reduce serum cholesterol by a

Lead (PDb) is a heavy metal that is characterized
by high atomic weight and density (5-fold change
more than that of water). Pb is widely used in many
applications and so the potential to expose to its
toxicity (animals and human) and contamination
(environment) is easier than other heavy metals.
Previous studies reported the ability of lead acetate
(PbAc) to disturb biochemical indices and induce
oxidative stress damage to liver and kidney through
elevation of reactive oxygen species (ROS)
production, as evidenced by increase concentration
of  the lipid peroxidation biomarker,
malondialdehyde (MDA), and inhibition of
endogenous antioxidant enzyme activity, including
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competitive inhibition mechanism with cholesterol
absorption [5,7]. Serum aspartate transaminase
(AST), alanine transaminase (ALT), and serum
bilirubin levels all decreased significantly when
methanolic  extract of C. speciosus was
administered  [9]. Moreover, this extract also
showed a protective effect against free radicals-
induced hemolytic effect, probably through
protecting RBCs membrane, which is rich in
polyunsaturated fatty acids, from destruction by
lipid peroxidation induced by ROS [10]. The anti-
diabetic effect of C. speciosus was attributed to
high content of diosgenin, which is used in the
treatment of diabetes mellitus [8,11].

We conducted this study to investigate the
impact of aqueous, petroleum ether, and methanolic
extracts of C. speciosus on the adverse effect of
PbAc toxicity on liver and kidney functions, lipid
profile, blood glucose, lipid peroxidation and
antioxidants activity.

Material and Methods

Preparation of C. speciosus Extracts

Clean C. speciosus rthizomes (1 kg) were air-
dried for 10 days, was grinded using mixer grinder,
powdered and packed into soxhlet apparatus to be
extracted using following solvents in order based
on their polarity methanol, petroleum ether and
distilled water [12].

Experimental Design

Adult male Sprague Dawley albino rats (n = 75,
each weight about 180-210 g, with average age of
6+0.5 w) fed standard pellet, had free access to
drinking water free from Pb, and housed in plastic
cages (also free from lead or other contaminations)
under standard laboratory conditions (24 + 2°C,
good ventilation, 57 + 4% humidity and 12-h
light/dark cycle). We followed the rules and
regulations for experimental animals use as
approved by Animal Ethical Committee of Zagazig
University, Egypt (ZU-IACUC/276/2021).

After lab acclimation for 1 week, animals were
randomly assigned to five groups (n = 15 in each
group), with each group further subcategorized into
three subgroups (n = 5) according to exposure
duration (10, 20, and 30 days). group I (normal
control, Cnt) supplied with sodium chloride
solution (50 mg/L), GII administrated PbAc (50
mg/kg body weight, bw, Oxford Lab. Co., India)
[13], GIII co-administrated PbAc (as previously
stated in GII) and aqueous extract of C. speciosus
(200 mg/kg bw), GIV co-treated with PbAc and
petroleum ether extract of C. speciosus (200 mg/kg
bw), and group V co-administrated PbAc and
methanolic extract of C. speciosus (200 mg/kg bw)
[14]. All treatments were given orally by stomach

gavage daily until the end of the experiment on the
30™ day.

Sampling

On the 10™, 20™ and 30™ day of the experiment,
blood samples were gathered from eye venous
plexus on clean plain tubes for serum separation.
After clotting, the serum was extracted by
centrifuging the blood at 3500 rpm for 10 minutes.
Rats were euthanized by decapitation at the three
time points (10", 20", and 30™ day), and their livers
and kidneys were immediately excised, and 0.5 g of
each sample was homogenized in 5 ml of saline
solution using electrical homogenizer, centrifuged
at 3000 rpm for 15 min, and the obtained
supernatants were collected for biochemical assays.

Biochemical Assay

The serum levels of aspartate transaminase
(AST), alanine transaminase (ALT), total bilirubin,
total protein and albumin were measured using
commercially available diagnostic kits [15-17]. The
serum levels creatinine, urea, uric acid, triglyceride
(TG), total cholesterol (TC), high (HDL) and low
density lipoprotein (LDL) were determined using
commercially available kits [16,18,19]. Liver
homogenates were tested for malondialdehyde
(MDA) and reduced glutathione (GSH) levels and
antioxidant enzyme activity (SOD, CAT, and GPx)
according to the manufacturer's instructions
(Biodiagnostic, Egypt) [20,21]

Statistical Analysis

GraphPad Prism 8 was used to do a two-way
analysis of variance (ANOVA) on the collected
data, and Tukey's post hoc test was used to
determine statistical significance across groups.
Data were presented as means + standard error
(SE). When compared to the null hypothesis,
p<0.05 values were judged significant.

Results

The activity the liver enzymes (AST and ALT),
total bilirubin, and the kidney function parameters
(creatinine, uric acid, and urea) were significantly
(p<0.05) increased in the PbAc group (group II) as
compared to the normal control group (Tables 1
and 2). These elevated levels were significantly
(p<0.05) reduced in rats co-treated with PbAc and
C. speciosus extracts (groups I1I-V), with lowest
levels in methanolic extract-treated rats (group V),
when compared with rats treated with PbAc alone.
Treatment for long time (30 days) showed better
results than 10 and 20 days treatment. In contrast,
PbAc-intoxicated rats exhibited significant (p<0.05)
decreases in the serum levels of total protein and
albumin relative to the normal control (Table 1). C.
speciosus-cotreated rats (groups III-V) had
significant (p<0.05) increases in total protein
and albumin, with highest levels in group V, in

Egypt. J. Vet. Sci. Vol. 55, No. 4 (2024)



AMELIORATIVE EFFECT OF Costus speciosus EXTRACTS ON TOXIC EFFECTS ... 897

TABLE 1. Effect of C. speciosus extracts on liver function parameters.

Petroleum ether  Methanolic

Control PbAc Aqueous extract extract extract
(GI) (GII) (GIID) (GIV) GV)
AST 10™ day 32.00+1.7% 66.42+3.6™ 60.00+1.33%® 58.12+7.5%® 54.21+6.3%
(UL) 20" day  31.00£1.1% 66.00+3.9% 55.21+1.20" 49.20+1.4% 44.14%52%
30" day 31.00+1.1% 67.00+4.1% 39.00+1.10% 37.72+1.2% 30.2146.5b
ALT 10™ day 53.00+1.2% 97.3242.6™ 90.00+1.4% 86.33+1.1% 81.11+1.3%
(U/L) 20™ day 51.90+1.5% 98.15+2.8 77.00+1.2% 70.33+1.1% 66.524 2.1
30" day 50.02+1.8 99.00+3.1% 62.00+1.1< 57.91+1.2% 54.00+3.1<
Total bilirubin 10" day 0.93+0.03 3.14+0.04% 3.2140.03% 3.00+1.01% 2.00£0.01%
(g/dl) 20™ day 0.92+0.05% 3.45+0.02% 2.15+0.02%° 2.00+£0.02%® 1.124£0.31%®
30™ day 0.92+0.01% 3.7240.01* 1.55+0.01% 1.49+0.02° 1.00+0.3®
Total protein 10™ day 7.17+0.08* 2.29+0.25% 2.55+0.11° 3.40+0.11% 3.7240.02%
(g/dl) 20™ day 7.30+0.06* 2.27+0.28% 3.2540.13 4.82+0.12% 5.50+0.02%°
30" day 7.33+0.04% 2.25+0.30% 5.33+0.15% 6.00+£0.14% 7.00+£0.02%
Albumin 10" day 3.80+0.06* 1.21£0.01% 1.45+0.01° 1.88+0.01% 2.00+0.03%
(g/d) 20™ day 4.00:£0.0% 1.21£0.02% 2.20+0.02%° 2.50+0.01%° 3.3440.07a"
30" day 4.00+0.02° 1.20+0.01% 3.50+0.04" 3.80+0.01% 4.20+0.11%

For each parameter, means within the table bearing different superscript letters are significantly different at p<0.05.

TABLE 2. Effect of C. speciosus extracts on kidney function parameters.

Control PbAc Aqueous extract Ie’;ttrr;)i::um cther Z{f::;nohc
(GI) (GII) (GIID) (GIV) GV)
Creatinine 10Mday  0.92£0.01% 3.98+1.03% 3.62+0.03% 3.55+0.04 2.50£0.32b%
(mg/dl) 20" day  0.90+0.03% 4.00+1.02% 3.33+0.02% 3.02+0.05% 1.98+0.03°
30" day  0.88+0.04% 3.98+1.06™ 2.00£0.01% 1.53+0.01 1.02+0.01
Uric acid 10" day  1.60£0.01% 4.55+0.03% 3.55+0.03% 3.00+0.06" 3.02+0.02%
(mg/dl) 20" day 1.40+0.05% 4.80+0.06™ 3.00+0.02% 2.40+0.03 2.5240.03
30Mday  1.30+£0.04 5.15+0.09% 2.55£0.01° 2.00£0.02° 1.68+0.03
Urea 10 day  22.00+0.23%  34.00£0.39*  30.00+0.33% 28.000.51% 26.00+0.10%
(mg/dl) 20" day  20.90£0.25%  34.00£0.37"  25.00+£0.21% 23.01+0.32% 21.30+0.50°®
30Mday  19.60+0.27%  35.20+£0.35  24.00+0.11°° 21.00+0.33% 20.00+0.10°

For each parameter, means within the table bearing different superscript letters are significantly different at p<0.05.

comparison with PbAc-intoxicated rats. Again, long
lasting treatment (for 30 days) caused notable
improvement relative to the other two time points (10
and 20 days).

Fastening blood glucose levels and the serum
levels of triglycerides (TG), total cholesterol (TC),
and low density lipoprotein- (LDL) were
significantly (p<0.05) increased in the PbAc group as
compared to the normal control (Table 3). These
biochemical parameters were significantly (p<0.05)
reduced following co-administration of the three C.
speciosus extracts, with lowest levels after treatment
with the methanolic extract, compared to the PbAc
group. In contrast, HDL was significantly (p<0.05)
decreased in the PbAc group in comparison to the
normal control group. Again, the HDL level was
significantly (p<0.05) increased following the co-
treatment with the three C. speciosus extracts, with
highest level in methanolic extract-treated group, as
compared to PbAc-treated rats. Again, the longer
treatment (for 30 days) showed better improvement
than the shorter treatment (10 and 20 days).

Rats treated with PbAc alone had significant
(p<0.05) higher liver levels of the lipid peroxidation
MDA marker compared to the normal control (Table
4). Treatment with different extracts of C. speciosus
succeeded to significantly (p<0.05) decrease MDA
hepatic levels in methanolic, petroleum ether and
aqueous extract-treated groups. This decrease was
clear especially in the methanolic extract-cotreated
group. However, the liver activity of SOD, GPx,
CAT and the contents of GSH were significantly
(p<0.05) decreased in PbAc-intoxicated rats relative
to the normal control but, co-treatment with C.
speciosus extracts significantly (p<0.05) elevated the
levels of these antioxidant parameters, with highest
levels in the methanolic extract-cotreated group.
Again, long lasting treatment (for 30 days) caused
better effect than the other two time points (10 and
20 days).

Discussion

Our results and those reported by Suleman, et al.
[22] exhibited that administration of PbAc led to
hepatotoxicity which was marked by a significant
elevation in serum levels of liver damage indicators
(AST, ALT, and total bilirubin) that may be
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attributed to disruption and destruction of
hepatocytes cell membranes, leading to escape of
liver enzymes and bilirubin to the circulation
[15,16,23,24]. This adverse effect was relieved
following co-treatment with C. speciosus methanolic
extracts with best results for the methanolic extract,
indicating a hepatoprotective effect for these extracts.
In support, Verma and Khosa [9] also confirmed this
hepatoprotective against CCL, toxicities as revealed
by the reduction of ALT, AST and total bilirubin
levels and restoration of liver function.

The present study also demonstrated that co-
treatment with each of the three C. speciosus extracts
and PbAc resulted in significantly increased serum
levels of total protein and albumin. Similarly, a
significant increase in total protein was also noticed
following treatment with C. speciosus extracts in rats
[25] and after treatment with other herb of the same
family, ginger in broilers [26]. Increased level of
albumin is a sign of liver tissue regeneration and a
good indicator for restoring liver function [27]. In
consistent with this notion, it was shown that the
elevated serum albumin not only is associated with
low recurrence rate of liver cancer but also can
inhibit tumor cell proliferation [20].

The results supported those obtained by El-
Ashmawy, et al. [28] and confirmed the reno-toxic
effect of PbAc as evidenced by elevation in serum
levels of kidney damage parameters (creatinine, uric
acid and urea) following exposure to PbAc in
rodents. This renotoxic effect was ameliorated by C.
speciosus extracts which significantly decreased
these parameters, indicating a possible reno-
protective effect for these extracts. Similarly,
Bavarva and Narasimhacharya [29] also reported a
reno-protective effect for the C. speciosus methanolic
extract in diabetic rats. These data suggest that C.
speciosus extracts can restore the lost kidney
function caused by PbAc and together with results
obtained from liver function suggest C. speciosus
extracts as potent protector against PbAc hepato- and
reno-toxicities.

C. speciosus had been documented as an
antidiabetic plant in India and this effect was
attributed to its plenty content of diosgenin [11]. In
agreement, we also found a similar hypoglycemic
effect for C. speciosus extracts as revealed by
significant fall in level of fastening blood glucose
after co-treatment by C. speciosus extracts as
compared to treatment by PbAc alone. For their
hypoglycemic effect, C. speciosus extracts and their
components could be used to reduce diabetic
complications [25].

Moreover, we and Abdel-Moneim, et al. [4]
found a significant elevation in serum levels of lipid

profile parameters (TG, TC and LDL) and a
significant reduction in HDL following treatment by
PbAc. This deleterious effect was reversed after co-
administration of C. speciosus extracts. In agreement
with our results, Beattie, et al. [30] and EIRokh el, et
al. [31] also showed hypolipidemic effect for C.
speciosus when given to dietary or streptozocin-
induced hypercholesterolaemic rats. This
hypolipidemic effect was attribute to C. speciosus
content of  eremanthin, which  possesses
hypoglycemic and hypolipidemic activities and
therefore could be used as antidiabetic drug [25].

The current results in agreement with other
reports El-Magd, et al. [2] and Wang, et al. [3]
confirmed the ability of PbAc to induce excessive
production of free radicals which subsequently led to
elevation of lipid peroxidation (as revelled by
increased levels of MDA) and enhanced oxidative
stress. Liver cells usually react by stimulating
production of endogenous antioxidant enzymes
(SOD, CAT, GPx) to get rid of these overproduced
ROS [16,19,32]. However, these antioxidant system
impaired by PbAc, leading to accumulation of ROS
oxidative stress damage to proteins, DNA and lipids
[2]. The latter are abundantly located in cell
membranes and mitochondrial membranes and so
can be easily targeted by free radicals, resulting in
lipid peroxidation and loss of cell membrane
integrity and subsequently release of liver enzymes
(AST, ALT) and total bilirubin to circulation. Thus,
it is likely that the loss of liver function and
significant increase of AST and ALT activity, and
the level of total bilirubin induced by PbAc may be
due to lipid peroxidation of hepatocytes plasma
membranes. This deteriorated effect was alleviated
by C. speciosus extracts, suggesting anti-lipid
peroxidative effect for these extracts. In consistent
with our data, Krishnan, ef al. [33] also reported high
protective effect for C. speciosus against lipid
peroxidation in rat liver.

The obtained results and those obtained by Wang,
et al. [3] showed a significant decline in the
activities of SOD, GPx and CAT and content of GSH
in liver of PbAc-intoxicated rats. This declined
antioxidant status may be due to the high affinity for
PbAc to bind with SH group in the antioxidant
enzymes. Furthermore, PbAc may compete with
copper, zinc, selenium, and other critical trace
elements required for the formation and function of
antioxidant enzymes [2]. The antioxidant status
disrupted by PbAc in the present study was improved
by C. speciosus extracts. Phytoconstituents like
flavonoids and phenolic compounds may be
responsible for the antioxidant action of C. speciosus
rhizome. The phenolic contents have redox
characteristics that enable them to operate as

Egypt. J. Vet. Sci. Vol. 55, No. 4 (2024)



AMELIORATIVE EFFECT OF COSTUS SPECIOSUS EXTRACTS ON TOXIC EFFECTS 899

reducing agents, hydrogen donors,
oxygen quenchers [34].

and singlet

The majority of previous studies focus only on
the role of C. speciosus methanolic extract and
ignored the comparison with other extracts such as
petroleum ether and aqueous. This may be the first
research to compare between the effects of these
three extracts and found that the methanolic extract

antioxidant, hypoglycemic, hypolipidemic, than
petroleum ether and aqueous extracts. This superior
effect for the methanolic extract may be attributed to
presence of higher concentration of phenolic and
flavonoid compounds [35]. Moreover, the best
ameliorative effect for C. speciosus extracts was
noticed in long term experiment (for 30 days) than
the other two time points (10 and 20 days) indicating
that the cumulative beneficial effect of these extracts.

had more potent hepato-

and reno-protective,

TABLE 3. Effect of C. speciosus extracts on serum blood glucose and lipid profile.

GIII

GIvV

GV

307.7117.13®
255.33+37.10™
200.25+35.83%
73.03+2.60™
69.61+1.20"
68.31+1.30%
210.37+13.62%
172.25x14.11%
138.25+42.92%
148.72+7.20™
122.30+4.40"
92.00+4.60

270.55+18.51™
255.24+13.42%
160.00+30.80°¢
71.00£1.70%
68.75+5.20%
67.78+5.20°
166.25+29.91%
135.31£11.46™
122.60:£24.94
91.41£2.31%
86.50+3.40
72.8043.40"

258.25+35.83™
172.93+31.33
150.00+£36.31°¢
70.63+2.40"
67.33+1.70%°
65.000.80°
139.22433.10%
129.77+41.62"
118.05+32.99¢¢
88.30+5.20"
76.3242 .47
70.0143.33<

Gl GII
Blood 10™ day 153.50+5.20°  309.75+19.76™
glucose 20" day 155.50£6.35%  320.00 £23.25%
(z/dD) 30™ day 158.00£6.00%  325.15+8.10
TG 10" day 66.75+4.40 73.00+1.30%
(mg/dl) 20" day 66.00+4.00" 73.54+1.50%
30" day 65.8243.50° 74.03+1.70%
TC 10" day 115.00+4.02° 210.50+25.94%
(mg/dl) 20" day 120.00£6.20*  220.00+20.00*
30™ day 124.00+8.55 226.15+16.25%
LDL 10™ day 57.00+2.30% 149.90+1.33®
(mg/dl) 20" day 59.10+1.90% 156.25+1.65%
30" day 60.15+1.75 161.40+1.85%
HDL 10™ day 44.02+1.20 22.01=1.06%
(mg/dl) 20" day 42.50+1.40% 20.25+1.10%®
30™ day 44.00+1.65 17.65+1.20°

30.01+1.55
37.51£1.70"
41.31+1.00®

28.81+1.93
34.11+1.33%
39.88+1.03%

23.01+1.43
28.29+1.30"
35.42+1.03%

Means within the table bearing different superscripts letters are significantly different at p<0.05.

TABLE 4. Effect of C. speciosus extracts on lipid peroxidation marker and antioxidant parameters.

Gl GII GIII GIV GV

MDA 10Pday  10.99£0.22%  16.41£0.52  16.41+0.19®  13.00£0.19®  11.45+0.24%

(nmol/mg protein) 20" day  10.55+0.24%  17.00£0.60%°  14.00+0.12°®  12.03+0.17®  10.01+0.19®
30Mday  10.10£0.25°®  18.20+0.70°  12.304£0.30%°  11.00+0.34®  9.09:+0.44
SOD 10" day  2.81+0.05* 1.700.03 1.99+0.03% 1.70£0.03 2.00£0.17%
(U/mg protein) 20" day  3.00 £0.07* 1.55+0.05% 2.00+0.04° 2.00+0.02°° 2.55+0.04%
30" day  3.02+0.09% 1.32+0.08% 2.67+0.03% 2.65+0.06" 2.78+0.05*
GPx 10 day  7.48+0.11% 4.99+0.16% 5.79+0.19% 6.25£0.13% 6.61£0.09*
(U/mg protein) 20" day  8.00+0.12°®  4.5+0.15% 6.29£0.12%*  7.06+0.09® 7.50+£0.01*
30" day  8.02+0.12%*  4.3+0.13%® 7.0040.10° 7.38+0.12% 7.524+0.05%
GSH 10" day  8.38+0.02%* 4.11£0.02% 4.33+0.16% 6.00£0.04 6.88+0.04
(U/mg protein) 20" day  8.60+0.04% 3.75+0.04% 6.01£0.23 7.00+0.03% 7.65+0.04%
30" day  8.95+0.08% 3.15+0.06% 7.3340.21% 8.00+0.08 9.00+0.01%*
CAT 10" day  6.09+0.05% 2.55+0.02% 2.77+0.01% 4.06:0.04% 5.06+0.01%
(H,0, /gm tissue) 20" day  6.35+0.07% 2.21+0.03% 4.05+0.03 5.00+0.03% 6.04+0.01*
30" day  6.50+0.08" 2.00+0.05% 5.30+0.01" 5.90+0.03* 6.05+0.02%

Means within the table bearing different superscripts letters are significantly different at p<0.5.

Conclusions

C. speciosus extracts, especially methanolic
extract, can ameliorate the hepato- and reno-toxic
effects induced by PbAc probably through reduction
of ROS release and induction of antioxidant
enzymes. Thus, C. speciosus extracts and their
constituents could be used as protectants against the
hepato- and reno-toxic effect of PbAc. Further
investigations are required to determine the active
constituents of these extracts and to unveil the actual
molecular mechanism of their action.
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