Original Article

Ameliorative effect of Azima tetracantha extract on
Cadmium induced Hepato-Renal oxidative stress: An in
vivo approach

Dr. S. Vasthi Gnana Rani', Dr.K. Hema', R. Ranganathan?, Dr. S. Ananth?
'SRM Institute of Science and Technology, Ramapuram, Chennai-89, Tamilnadu, India
M.Kumarasamy college of Engineering, Karur-113, Tamilnadu, India
3Sivan Bioscience Research and Training Laboratory, Sakkottai- 612401, Tamilnadu, India
Email: vasthijose@gmail.com
DOI: 10.47750/pnr.2022.13.506.071

Abstract

Cadmium (Cd), an environmental pollutant affects humans through contaminated foodstuffs and industrial processes. Cd accumulates in
various organs upon exposure and the primary targets are kidney and liver. Its toxicity induces free radicals, creating oxidative stress, defects
in antioxidant mechanism, damage to membrane proteins, DNA damage, necrosis, and apoptosis. In this study hepatoprotective and
nephroprotective activity of Azima tetracantha towards Cd-induced toxicity was investigated by in vivo approach. Ultra Violet (UV) spectral
and Fourier Transform Infra-Red (FTIR) analysis of methanol extract of the Azima tetracantha leaves revealed phenolic compounds.
Cadmium Chloride (CdCI2) exposure in Wister Albino rats showed a marked increase in lipid profile, enzymatic antioxidants, and non-
enzymatic antioxidants. Co-administration of a methanol extract of Azima tetracantha leaves (500 mg/kg/day) with CdCI2 resulted in the
reversal of toxicity effects in the kidney and hepatic cells by maintaining the normal histological architecture. Further, reduced lipid
peroxidation and increased antioxidant defense system activity were observed. Hence, the current study suggests that the nephroprotective
and hepatoprotective efficacy of Azima tetracantha in Cd-induced toxicity might result from its antioxidant and metal chelating
characteristics that might benefit in reaching the best remedy in Cd-induced damage.

Keywords: Cadmium, hepatotoxicity, nephrotoxicity, Azima tetracantha, heavy metal toxicity.

INTRODUCTION

Ingress in population growth and rapid industrialization results in environmental issues such as pollution. Heavy metals (HMs)
are toxic, inorganic environmental pollutant released from soil, water, and air and enters the food chain (Almeer et al. 2018;
Baskaran et al. 2018). Though heavy metals including copper, cobalt, iron, manganese, molybdenum, and zinc are essential for
the normal metabolism of cells, certain heavy metals including arsenic, cadmium, lead, nickel, and mercury do not have useful
biological functions and cause toxicity at low dose. (PB Tchounwou, CG Yedjou, AK Patlolla 2012). The characteristics of
HMs are (1) high affinity towards thiol, histidine, and carboxyl groups and react indirectly with protein molecules. Hence, these
metals can bind with the active site of enzymes, structural components of cells, and transport proteins (2) it’s potential to replace
essential elements such as calcium in bones and iron in erythrocytes leading to structural changes and alterations in metabolic
pathway (Jaishankar et al. 2014; Puerto-Parejo et al. 2017) (3) accelerate reactive forms of oxygen and modify the antioxidant
system (Mao et al. 2018). Cadmium (Cd) is a non-essential HM and a multi-organ toxicant, released into the environment by
both natural and anthropogenic operations. The non-biodegradable nature and maximum half-life (>20 years) are the important
characteristics of this highly hazardous metal (Bhardwaj et al. 2021). Cd as cadmium chloride is absorbed by the intestine when
ingested orally and cadmium oxide is inhaled and absorbed by cells through respiration. This HM enters the cells with ease and
gets accumulated in the organs of the central nervous system (CNS), respiratory, excretory, cardiovascular, and reproductive
systems (Galan et al. 2001; Kumar et al. 2018). Cd acts as a substitute for Zinc (Zn) and affects several physiological processes
(Unsal et al. 2020). Acute or chronic exposure to Cd causes damage to the kidney and liver (Helal Ashour et al. 2014; El-Boshy
et al. 2015; Shagirtha et al. 2017; Everson et al. 2018).
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The generation of free radicals beyond the capacity of cells to counterbalance xenobiotics results in oxidative stress (Skipper
et al. 2016). Further, Cd deposition decreases superoxide dismutase (SOD) and catalase (CAT) activity; impairs antioxidant
and oxidant balance (Branca et al.; Gustin et al. 2018). Established theories on the mechanism of Cd-induced toxicity in kidney
and liver cells suggest the possible role of oxidative stress, inflammatory responses, and apoptosis (Liu et al.; Gong et al.; Fouad
and Jresat 2011; Dkhil et al. 2014). Due to the lack of possible remedies to abate Cd in foodstuffs, humans are continuously
exposed to this heavy metal. Hence an alternate approach to dwindle Cd concentration in tissues becomes vital. Nutraceuticals
can be effective in reducing the absorption of HMs by tissues, increasing their excretion, and enhancing the antioxidant defense
mechanism to chelate HMs. Bioactive compounds of plants serve as effective nutraceuticals (Almeer et al. 2018; Mao et al.
2018) and dietary supplements of plant phenolic compounds with antioxidant activity alleviate the toxicity of HMs (Borowska
et al. 2018).

Azima tetracantha, (Family: Salvadoracea) is traditionally used in Siddha and Ayurvedic medicine systems for treating several
illnesses (Namik et al. 2016). The plant commonly known as “Mulsangu” or “Cankakiranam” in Tamil is used to treat microbial
infections, cancer, ulcer, inflammatory diseases, and fever. The plant possesses antioxidant, analgesic, anti-venom,
hepatoprotective and nephroprotective activities (Syed Ismail et al. 1997; Duraipandiyan et al. 2010; Ilyas et al. 2009; Sekar et
al. 2010). A. tetracantha is rich in alkaloids, glycosides, terpenoids, saponins, volatile oils, and fatty acids (G Gayathri et al.
2012). Previous literature documented that ethanol extract of A. tetracantha leaves is effective against CCI4 induced (llyas et
al. 2009; Ekbote et al. 2010) and sulfate-induced toxicity in liver cells (Manikandaselvi et al. 2013). Similarly, the Cd-induced
kidney cell damage was effectively reversed with A. tetracantha treatment (Sunil et al. 2013). Hence, in this background, the
leaves of A. tetracantha have been analyzed for their phytochemical constituents and their role in hepatoprotective and
nephroprotective activity utilizing in vivo model.

Materials and methods
Collection of Plant material

The leaves of A. tetracantha were collected from a single herb from the campus of Tamil University, Thanjavur, Tamil Nadu,
India. The plant was authenticated at Rabinat Herbarium and Centre for Molecular Systematics, St. Joseph College,
Tiruchirappalli, Tamilnadu, India, and a voucher specimen (EP001) was submitted.

Preparation of methanol extract of A. tetracantha leaves

The leaves of A. tetracantha were thoroughly rinsed with water multiple times to eliminate contaminants present on the leaf
surface. The leaves were dried and finely pulverized. The powder was extracted for 48 hours with 70% methanol using the
soxhlet apparatus. After completely evaporating alcohol at reduced pressure using a rotary evaporator, a semisolid extract was
obtained. The extract was kept in a desiccator until further experiments.

UV and FTIR analysis

The methanol extract of A. tetracantha leaves was centrifuged for 10 minutes (3000 rpm) and filtered through Whatman No. 1
filter paper for UV and FTIR spectrophotometer analysis. After diluting the centrifuged sample in methanol to a concentration
of 1:10, was scanned using a Perkin Elmer Spectrophotometer at wavelengths ranging between 190 and 900 nm. The absorption
peaks were analyzed for the identification of functional molecules. The FTIR analysis was carried out in the range of 400-
4000cm-1 (Perkin Elmer Spectrophotometer) to identify distinctive peaks that correspond to functional groups.

HPLC analysis

The fermented broth of A. tetracantha leaves (2 ml) was mixed with 50 ml of methanol (95%) and extraction of phytochemicals
was carried out for 30 min twice at 450C with an ultrasonic frequency of 80 kHz. The extract was filtered and concentrated at
500C under reduced pressure using a rotary evaporator. The crude extract obtained was dissolved in 100 ml of mobile phase
and filtered using filter paper and with Millipore membrane (0.45 mm). The sample was injected into HPLC (Paranthaman et
al. 2012).
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Analysis for flavonoids was carried out using an RP-HPLC technique (WeerasakSamee 2007), with an LC-10ATVp pump, a
system controller (SCL 10A), a variable Shimadzu SPD-10ATVp UV-VIS detector, and a loop injector with a loop size of 20
I. The area of the peak was determined with the CLASSVP program. Reverse-phase chromatography was performed at 250C
using a C-18 reverse phase column (2504.6 mm i.d., particle size 5 m, Luna 5 C-18; Phenomenex, Torrance, CA, USA). The
generation of solvent gradient was done with a dual pump system by altering the percentage of solvent A (water: acetic acid at
25:1 ratio) and solvent B (Methanol). The percentage of solvent B was increased to 50% (4 min) and 80% (10 min) ata 1
mL/min flow rate. The wavelength was detected at 280 nm.

Inhibition of protein denaturation

The inhibition of protein denaturation was determined using a slightly modified procedure of (Mizushima and Kobayashi 1968;
S Sakat, AR Juvekar 2010). Fresh egg albumin (0.2 ml) was added to A. tetracantha leaf extract of different concentrations
(100, 200, 300, 400, and 500 pg/ml) and standard diclofenac sodium (100, 200, 300, 400, and 500 pg/mL) and 2.8 mL
phosphate-buffered saline (pH 6.4). Denaturation was accomplished by maintaining the reaction mixture at 70°C for 10 minutes
in a water bath. Following cooling, the absorbance was read at 660 nm using double distilled water as a blank. Each experiment
was repeated three times and the average was calculated. The following formula was used to determine the percentage inhibition
of protein denaturation.

% of Inhibition = (At — Ac)/Ac x100
were, At=absorbance of test sample; Ac=absorbance of control
Animals

In this investigation, male Albino rats of the Wister strain weighing around 150-180 g were used. Healthy animals were procured
from Bangalore-based, Venkateswar enterprises. The animals were maintained in large polypropylene cages that were lined
with rice husk. The animal chamber was adequately ventilated and maintained at standard experimental settings (temperature
27£20C and 12-hour light/dark cycle). All animals were fed a regular pellet diet and were provided access to water daily. They
were exposed to the natural environment for one week before being used in the experiments. The criteria laid down by the
Committee for Control and Supervision of Experiments on Animals (CPCSEA), New Delhi, India (Ethical No:
MC/1416/a/13/CTCSEA) were followed.

Experimental design
The animals were randomly grouped into four with six animals in each group.
Group I: Control rats received only normal saline.

Group II: Rats were orally administered with cadmium (as CdCI2) in 0.5-ml sterile physiological saline at a dose of 5
mg/kg/day for 4 weeks (Renugadevi and Prabu 2010).

Group IlI: Rats were orally fed with A. tetracantha leaves extract (suspended in distilled water) alone at a dose of 500
mg/kg/day for 4 weeks.
Group IV: Rats received A. tetracantha leaves extract orally (suspended in distilled water) at a dose of 500 mg/kg/day and

intra-peritoneal administration of Cd (5 mg/kg/day) afterl h of administration of A. tetracantha leaves extract for 4 weeks.
Biochemical investigations

After 4 weeks of treatment, the animals in each group were decapitated cervically. To separate serum, blood was centrifuged at
1000 g for 15 minutes. The kidney and liver were removed, weighed, and washed with a cold saline solution. The tissue was
minced and homogenized (10% w/v) in phosphate buffer (pH 7.4), followed by centrifugation at 3000 g for 10 minutes. The
supernatant obtained was utilized in a wide range of biological tests.
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Determination of lipid profile

The lipid profile evaluated includes total cholesterol (Allain et al. 1974), TGL (Werner et al. 1981), HDL (Allain et al. 1974),
LDL, and VLDL (Friedewald et al. 1972).

Determination of diagnostic markers

The diagnostic markers evaluated include total protein (Lowry et al. 1951), ALP (Kind et al. 1954), SGOT, SGPT (Reitman et
al. 1957), LDH (Kind et al. 1954), y-Glutamyl transferase (Ochei and Kolhatkar, 2000), and Creatinine (Chem and 1945). Urea
was estimated using the Sigma Diagnostics kit.

Determination of Oxidative stress markers

The homogenized tissues of the kidney and liver were evaluated for oxidative stress markers. The enzymatic antioxidants, non-
enzymatic antioxidants, superoxide dismutase (SOD) (Marklund and Marklund 1974), reduced glutathione (GSH) (Moron et
al. 1979), glutathione peroxidase (GPx) (Rotruck et al. 1973), catalase (CAT) (Beers et al. 1952), Ascorbic acid (Vit C) (Omaye
et al. 1979), a-tocopherol (Vit E) (Baker and Davies 1997) were determined using standard methods prescribed.

Histopathology

The kidney and liver tissues were fixed in 10% normal saline for 72 h and were sliced to a thickness of 2.1mm each. The slice
of tissues was dehydrated using alcohol, treated with paraffin wax, and cast into blocks. The section of tissues was made with
a microtome (5um), attached to a slide, and dried. The slides were observed on a photographic microscope for the evaluation
of histological changes.

Result and Discussion

Cadmium is a pervasive environmental pollutant that causes hepatotoxicity, and nephrotoxicity (Ezedom and Asagba 2016;
Wang et al. 2017), induces carcinogenicity, mutagenicity, and cytotoxicity (Park et al. 2020). The cells of proximal convoluted
tubules in the kidney are the most targeted site of Cd toxicity (Veljkovic et al. 2012). Cadmium complexes with metallothionein
(Cd-MT complex) in the liver upon ingestion and are taken by the renal tubules when they are released into circulation. The
influence of Cd on liver metabolic enzymes containing sulfhydryl groups and uncoupling of oxidative phosphorylation in
mitochondria induces an increase in lipid peroxidation, oxidative stress, inflammatory responses, DNA damage, necrosis, and
apoptosis. The acute exposure to Cd causes an imbalance in free radicals and antioxidants which results in oxidative stress. The
antioxidant defense system protects against acute toxicity due to Cd exposure (Liu et al. 2016).

Cd is an exceptional HM that cannot generate free radicals. However, they are indirectly involved in free radical production
(Galan et al. 2001) via Fenton chemistry. Copper and iron substituting property of Cd results in an increase in the concentration
of these unbound ions which initiates oxidative stress through Fenton reactions (Casalino et al. 2002; Waisberg et al. 2003;
Watjen et al. 2004). An excessive amount of ROS and failure of antioxidant defense mechanism lead to cell damage (Namik et
al. 2016; Zhang et al. 2019). Plants rich in phenolic compounds possess effective antioxidant activity and A. tetracantha being
a rich source of phenolic compounds is being used in curing various ailments including kidney and liver disorders (Ognjanovi¢
et al. 2003).
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Fig.1: UV- visible spectum of of Azima tetracantha leaves extract
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Fig.2: FTIR spectum of of Azima tetracantha leaves extract
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Fig.3: HPLC analysis of Azima tetracantha leaf extract
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Characterization of phytochemicals of A. tetracantha leaves

UV- visible spectroscopy study of methanol extract of A. tetracantha exhibited four distinct peaks at wavelength measuring
220, 266, 418, and 661 nm with the absorption of 3.0294,1.5484, 1.2767, and 0.52713 respectively (Fig.1). The absorption
peaks in the range between 400-420 and 650-660 nm show the presence of quinones and chlorophyll respectively. The peaks
between 200-280 nm (220 and 266 nm) correspond to phenolic acids and their derivatives such as quinones, phenylpropones,
flavones, and flavonols. The peak at 418 indicates phenolic acids (flavonoids). This interpretation of UV spectra was based on
previous literature on the characterization of aromatic plants (Suica-Bunghez et al.). From the UV spectral analysis, it could be
concluded that A. tetracantha contains phenolic compounds and flavonoids.

The functional groups of phytochemicals in A. tetracantha methanol leaf extract were identified with FTIR analysis (Fig.2).
The narrow band at 3466.97, 3433.99, and 3405 cm-1 represents the N-H stretching of primary amines. The peaks at 2952.71
and 1455.43 cm-1 represent the methyl C-H stretch and bend respectively. Methoxy, methyl ether O-CH3 and C-H stretch are
represented by the peak at 2744.70 cm-1. The carbonate group was shown by the peak at 2526.01 cm-1. The transition metal
carbonyl was represented by a peak at 2078.01 cm-1. N-H stretch of secondary amines was indicated with the peak at 1647.62
cm-1. The aliphatic nitro and Bromo compounds were represented by peaks at 1559.24 and 681.80 cm-1 respectively. The
peaks at 1054.08 and 1.01.53 cm-1 indicate aliphatic fluoro compounds (Coates, 2000). The results of FTIR analysis confirm
phenolic compounds in A. tetracantha leaf extract.

Table 1: Bioactive compounds identified in A.tetracantha leaf extract through HPLC analysis

Peak# R.Time Area Height  Area % Height % Compounds identified

1 1.800 75553 1143 2.298 2.679 Kaempferol

2 2.908 2194324 30343 66.735 71.140 Ascorbic Acid

3 11.583 214585 1476 6.526 3.459 Unidentified

4 11.992 29155 1385 0.887 3.247 Ellagic acid

5 14.707 768770 8035 23.380 18.838 Delphinidin -3-O-retinoside
6 22.558 1120 59 0.034 0.139 Unidentified

7 22.951 4627 212 0.141 0.497 Unidentified

Total 3288135 42653 100.000 100.000
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The compounds identified in A. tetracantha leaves by HPLC analysis were presented in Table 1. The HPLC spectrum (Fig.3)
showed 7 distinct bands indicating kaempferol, ellagic acid, delphinidin-3-O-retinoid, ascorbic acid, and other unidentified
compounds. The HPLC data was in concordance with the results of UV spectral and FTIR analysis which confirmed phenolic
compounds in the leaf extract. The phenolic compounds such as gentistic acid, gallic acid, benzoic acids, salicylic acid, and
vanillin were reported with methanol extract of A. tetracantha leaves (Gayathri et al. 2014).

in vitro anti-inflammatory activity

The in vitro assessment of anti-inflammatory activity of A. tetracantha methanol leaf extract was examined with protein (fresh
egg albumin) denaturation bioassay. The stabilization of proteins is observed with an increase in absorbance of the sample
compared to control. 86.12% inhibition of protein denaturation was observed with a 500 pg/ml concentration of A. tetracantha
leaf extract compared to 93.45% inhibition exhibited by diclofenac sodium. Dose-dependent inhibition of protein denaturation
observed in the present study (Table 2) was in agreement with the inhibition of protein denaturation by coffee extract (Chandra
et al. 2012).

Table 2: Effect of Azima tetracantha on protein denaturation (Fresh egg albumin)

% of inhibition

Groups Concentrations A. tetracantha Diclofenac sodium
Group | 100pg/ml 16.95+1.18 21.37+£1.98
Group Il 200pg/ml 23.12+1.61 36.45+2.37
Group 11 300pg/ml 50.78+3.55 55.94+3.47
Group IV 400ug/ml 75.89+5.31 79.45+4.65
Group V (Std) 500ug/ml 86.12+6.02 93.4546.84
4 N\
=o—Azima tetracantha  —#=Diclofenac sodium (Std.)
<
2
8
<
=
kS
=S
\_ Concentrations )

Effect of Azima Tetracantha on plasma diagnostic markers

Cd toxicity affects the total protein concentration in serum. The decrease in protein concentration might have resulted due to
alterations in amino acid and protein metabolism because of damaged liver cells. Thus, defects in protein synthesis or
degradation of synthesized proteins result in low total protein (Ranatunge et al. 2012). The total protein in control (7.07+0.02
gm/dl) was reduced (5.53+0.06gm/dl) in Cd-administered animals (Group Il). But it was restored to normal (7.33+£0.06gm/dl)
with the administration of A. tetracantha along with Cd (Table 3). Konda et al. (2016) reported the nephroprotective role of A.
tetracantha leaf extract with an increase in the concentration of total protein at a dose of 500 mg/body weight. An increase in
urea and creatinine due to Cd-toxicity was reported by (Renugadevi and Prabu 2010). Cd toxicity significantly increased blood
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urea and decreased creatinine clearance in serum compared to control. The administration of Cd (Group I1) increased the serum
creatinine (1.38+0.09mg/dl) compared to the control group (0.92+0.96mg/dl). Treatment with A. tetracantha leaf extract along
with Cd administration significantly restored these renal functional markers. Increased level of serum creatinine with
nephrotoxicity due to glycerol was effectively managed with an A. tetracantha leaf extract dose of 500mg/bodyweight (Konda
et al. 2016).

Table 3:; Effect of Azima tetracantha on plasma oxidative stress markers and antioxidants in control and experimental rats

Parameters Group | Group 1l Group 111 Group IV

MDA (nmol/l) 12.33+0.862 20.26+1.41° 13.65+0.952 14.53+1.012
GSH (mg/dl) 9.09+1.03? 6.11+0.80° 9.87+1.12°2 8.56+1.082
SOD (U/ml) 4.38+0.30? 3.44+0.31° 4.72+0.19° 3.93+0.272
CAT (U/ml) 7.15+0.50? 6.50+0.45° 7.85+0.40? 7.08+0.542
GPX (U/ml) 8.4+0.58°? 6.8+0.47" 8.6+0.532 8.01+0.562
Vit C (mg/dl) 1.8040.12% 1.36+0.09° 1.86+0.16° 1.63+0.11%
Vit E (mg/dl) 3.21+0.0382 2.47+0.033" 3.52+0.036 2 3.13+0.035?

Effect of Azima tetracantha on plasma oxidative stress markers and antioxidants in control and experimental rats
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Table 4: Effect of Azima tetracantha on liver oxidative stress markers and antioxidants in control and experimental rats.

Parameters Group | Group 11 Group Il Group IV
MDA (nmol/l) 26.86+1.882 14.64+1.02° 27.75%0.54 2 23.51+0.66?
GSH (mg/dl) 10.63+7.25°2 6.40+0.44° 10.27+0.71°2 9.54+0.87°2
SOD (U/ml) 9.45+0.66 2 6.41+0.44° 9.76+0.64 2 8.95+0.622
CAT (U/ml) 10.91+0.69°2 8.25+0.42° 11.17+0.72°2 10.31+0.51°
GPX (U/ml) 7.73+0.572 3.86+0.27° 7.76x0.492 6.8+0.47%
Vit C (mg/dl) 5.81+0.402 2.81+0.19° 5.98+0.352 4.72+0.332
Vit E (mg/dl) 4.02+0.282 2.77+0.19° 3.92+0.262 3.76+0.27 @
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Effect of Azima tetracantha on liver oxidative stress markers and antioxidants in control and experimental rats.
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Effect of A. tetracantha on lipid profile

The effect of Cd-induced toxicity on plasma lipids indicates an increase in the concentration of total cholesterol (150.33+0.36
mg/dl), triglycerides (177.27+0.04 mg/dl), HDL (16.76+0.15), LDL (131.44+0.15 mg/dl) and VLDL (35.61+0.12 mg/dl). But
the treatment with methanol extract of A. tetracantha leaves reduced the levels of total cholesterol (69.63+0.40), TGL
(98.74+0.06), HDL (15.81+0.07), LDL (69.30+0.21), and VLDL (19.69+0.04) (Table 4). A similar reduction in HDL, LDL,
and VLDL in FeSO4-induced hepatotoxic rats was reported earlier (Manikandaselvi et al. 2013).

Table 5: Effect of Azima tetracantha on diagnostic markers in control and experimental rats.

Parameters Group | Group 11 Group I Group IV
Protein (gm/dl) 7.07£0.49° 5.53+0.32" 7.69+0.572 7.38+£0.51°2
SGOT (IU/L) 38.82+4.112 57.53+4.72° 42.28+£3.65% 37.23+4.272
SGPT (1U/L) 31.11+2.17% 52.88+3.70°" 32.41+2.942 34.88+2.722
ALP (1U/L) 73.47+£5.112 96.56+6.37 " 72.2745.252 78.52+4.92
LDH(IU/L) 117.77+£12.44% 261.11+18.27° 156.55+14.382 120.78+12.352
GGT(IU/L) 22.39+£1.562 32.16+2.04° 22.91+1.602 24.64+2.002
Urea(mg/dl) 35.71+2.492 52.85+3.69° 35.32+2.82 38.57+2.692
Creatinine (mg/dl) 0.92+0.06 2 1.38+0.09° 0.94+0.082 1.05+0.082

Effect of A. tetracantha on Plasma Oxidative markers

Liver tissues are a rich source of transaminase and acute damage to liver tissues profoundly increases the level of transaminase.
An increase in SGOT, SGPT, ALP, and ACP was reported in CCl4-induced hepatotoxic rats (llyas et al. 2009). An increase in
serum enzymes such as SGOT (58.36+0.06 1U/L), SGPT (53.41+0.41 IU/L), ALP (95.56+1.40 IU/L), and LDH (261.41+0.21
IU/L) in animals of Group Il compared to Group | was observed (Table 5). But oral administration of A. tetracantha combined
with intra-peritoneal Cd in Group 1V animals, reduced SGOT (38.15+0.65 IU/L), SGPT (34.88+0.01 IU/L), ALP (78.52+0.33
IU/L) and LDH (120.78+0.05 IU/L). The elevation of hepatic marker enzymes is an indication of liver damage and destruction
of liver membranes. The antioxidant defense mechanism restricts ROS and maintains the structural integrity of the membranes.

Inflammatory responses and oxidative stress cause acute kidney damage. Kidney damage due to Cd intoxication can be
predicted by the increase in urea which suggests the modification of glomeruli and tubular capacity (Wang et al. 2017). A.
tetracantha exerts protective activity by altering the renal biochemical parameters. The phytochemicals of A. tetracantha
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decreased urea and creatinine concentrations while increasing the total protein content in plasma. The antioxidant and anti-
inflammatory mechanism of A. tetracantha might be attributed to phytochemicals such as flavonoids, alkaloids, tannins,
terpenoids, and saponins (Olagunju et al. 2009). Flavonoids are responsible for anti-inflammatory activity (Syed Ismail et al.

1997).

Table 6: Effect of Azima tetracantha on Plasma lipid profile in control and experimental rats.

Parameters Group | Group Il Group I Group IV
TC (mg/dl) 53.33+£3.732 150+10.5° 63.33+4.43°2 70+4.9°
TG (mg/dl) 78.48+5.492 177.21+£12.40" 86.07+6.022 98.73+6.91°2
HDL (mg/dl) 22.91+1.60° 16.66+1.16° 14.58+1.022 18.75+1.31°2
LDL (mg/dl) 46.11+3.222 131.22+9.18° 60.64+4.24 2 69.01+4.832
VLDL (mg/dl) 15.69+1.09° 35.44+2.48" 17.21+1.20% 19.74+1.38%

Table 7: Effect of Azima tetracantha on kidney oxidative stress markers and antioxidants in control and experimental rats.

Parameters Group | Group Il Group I Group IV
MAD (nmole/mg protein) 13.78+1.662 19.20+2.74° 13.66+1.722 14.87+1.882
GSH (pg/mg protein) 10.60+0.70? 7.20+0.64° 10.87+0.85? 9.93+0.832
SOD (U/mg protein) 8.95+0.622 6.15+0.43° 8.44+0.592 8.57+0.59?
CAT (U/mg protein) 10.21+0.712 6.94+0.48° 9.35+0.56% 9.7040.65?
GPx (U/mg protein) 6.93+0.48? 3.6+0.25° 5.7310.402 6.8+0.47°
Vit C (ug/mg protein) 4.90+0.342 2.36+0.16° 5+0.352 4.81+0.332
Vit E (ug/mg protein) 3.52+0.242 2.57+0.18° 3.32+0.23% 3.27+0.22°

Effect of A. tetracantha on oxidative stress markers and non-enzymatic antioxidants

An increase in free radicals leads to auto-oxidation of fatty acids present in phospholipids of the cell membrane. This auto-
oxidation results in altering the function and morphology of the cell membrane (Pandit et al. 2004). Cells produce antioxidants
to counteract the auto-oxidation of fatty acids caused by free radicals. However, under oxidative stress, the antioxidant defense
mechanism becomes ineffective (Halliwell and Gutteridge 2015) resulting in increased intracellular GSH and reduced activity
of CAT and SOD (Yamamoto et al. 1999). The acute exposure to Cd and the subsequent toxicity leads to increased activity of
copper/zinc-containing enzymes in the antioxidant system (Ognjanovi¢ et al. 2003). A decrease in enzymatic antioxidants in
Cd toxicity is due to the overconsumption of enzymes to cleanse ROS (Amin et al. 2006). Oxidative stress markers of the
kidney (Table 6) and liver (Table 7) were decreased due to Cd-induced toxicity. But with the administration of A. tetracantha
leaf extract, the markers enzymes were restored to normal levels. Oral administration of A. tetracantha ethanol root extract
significantly increased SOD, CAT, GSH, GR, and GPx activity in animals with renal cell damage (Manikandaselvi et al. 2013;
Konda et al. 2016). Manikandaselvi et al. (2013) reported a decrease in vitamin E due to increased production of ROS was
consistent with the present findings, as a decrease in vitamin E (2.57+0.18 mg/dl) compared to control (3.52+0.24 mg/dl) was
observed in kidney cells (Table 6). In liver cells, vitamin E in control animals (4.02+0.28 mg/dl) was reduced (2.77+0.19) in
Cd-treated animals (Table 7 and Fig.9). GSH is a strong endogenous antioxidant and a tripeptide that is rich in cysteine residues.
The enzyme maintains the cytoplasmic membrane and detoxifies ROS. The cells produce excessive GSH during Cd toxicity.
The epidemiologic and experimental studies indicate that Cd exposure results in oxidative stress, inflammation, fibrosis, and
functional impairment in liver cells (Fan et al. 2018; Zhang et al. 2019).

The degradation process of polyunsaturated lipids by reactive oxygen species generates Malondialdehyde (MDA). The
researchers used this aldehyde product as a biomarker to assess the level of oxidative stress. Cd toxicity has previously been
shown to cause lipid peroxidation in a variety of organs, including the ovaries, uterus, kidneys, and liver. Increased levels of
liver MDA due to CdCI2 toxicity was restored with a decrease in MDA by 43.65% (Yang et al. 2021). A similar observation
in CCl4-induced hepatotoxicity was reported by (Prakash et al. 2015). The decreased oxidative stress markers of the kidney
(Table 6) were ameliorated with the treatment of A. tetracantha leaf extract. Similarly, the oxidative stress markers of the liver,
observed in Cd-treated animal groups were increased with A. tetracantha treatment (Table 7).

Fig.4: Effect of Azima tetracantha extract on Cd — induced histological changes in liver cells
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The control groups showed normal glomeruli with intact Bowman’s capsule and proximal and distal convoluted tubules. No
signs of hemorrhage or capillary congestion were observed. But Cd exposed cells showed distortion in glomeruli, convoluted
tubules, apical blebbing, and capillary congestion (Fig.4). Treatment with methanol extract of A. tetracantha leaves reversed
the abnormalities significantly with reduced congestion of capillaries, tubular damage, and distortion of capillaries (Fig.5). The
influence of Cd-induced toxicity clearly showed morphological alterations in the hepatic cells with significant nicks on the
central venous wall. Degeneration of cells with necrosis and inflammatory infiltrations of the cells were observed. The
histopathological examination of Cd-induced hepatic cells reported by (Wang et al. 2017) was in support of the findings of the
present study.

Conclusion

The methanol extract of A. tetracantha was observed to possess hepatic and nephroprotective effects in cadmium-induced
toxicity. Effective protective activity of A. tetracantha leaf extract was achieved with a concentration of 500 mg/kg. The
protective effect of the plant may be attributed to the presence of phenolic compounds. Hence the study recommends the use of
A. tetracantha in treating acute liver and kidney disorders and also suggests further clinical evaluation for the use of A.
tetracantha phytochemicals as a drug.
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