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ABSTRACT

Liver diseases as one of the fatal diseases worldwide, second most
common cause of death. Cadmium (Cd) is a heavy metal that naturally
occurs, and many methods have suggested that it may be hazardous to the
liver. The current study's objective was to assess the potential
hepatoprotective effects of Drynaria quercifolia rhizome extract using an
animal model. Six rats were randomly assigned to each of the five groups:
Group | received saline (0.5 ml/kg) as a normal control, Group Il received
cadmium chloride (3.5 mg/kg/IP/single dose) as a disease control, and Group
111 received cadmium chloride (3.5 mg/kg/IP/single dosage) intoxicated rats
pretreated with rhizome extract of Drynaria quercifolia orally (300mg/kg)
for 30 days, Group V- Cadmium chloride intoxicated rats received standard
drug silymarin (25 mg/kg), Rats in Group V were given an oral dose of
Drynaria quercifolia rhizome extract (300mg/kg) for 30 days. The results of
biochemical assays and histopathological studies revealed that the plant
extract was found to have possible protective effect against the liver damage
produced by cadmium chloride at a dosage level of 300 mg/kg, and the
results were equivalent to those of the widely used drug silymarin and how
well Drynaria quercifolia rhizome extract (L) works. Future opportunities of
the plant would undoubtedly be numerous. Hence, it can be recommended
therapeutically for treating liver disorders. To identify the hepatoprotective
bioactive elements in plant extract, more investigation is needed.
Keywords: Cadmium chloride, Drynaria quercifolia, Liver diseases,
Rhizome extract, Silymarin
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INTRODCUTION

Liver diseases are considered as one of the fatal diseases worldwide from 1990 to
2010, number of annual liver cancer and cirrhosis death rate rose by 1.25 to 1.75 million
(Asrani et al., 2019). In 2010, 45%, and 25% of death occurs due to liver cancer and
hepatitis C respectively. Over a million deaths worldwide, or about 2% of all deaths in
2010, were attributed to liver cirrhosis, according to estimates (Asrani et al., 2019). In
2012, liver cancer caused 745,000 fatalities (WHO, 2016) (Ferlay et al., 2015). Liver
cancer, which is second only to lung cancer in terms of causes of mortality worldwide.
Alcohol and hepatitis B were less common causes (lida-Ueno et al., 2017). In India, It is
estimated that liver diseases are among the top ten killer diseases (Mondal et al., 2022).
Lakhs of death may occur due to liver diseases (Asrani et al., 2019). Indian deaths from
liver disease totaled 216,865 in May 2014, accounting for 2.44% of all deaths, placing
India in 61st place globally (Asrani et al., 2019).

According to Ferguson (1956), heavy metals are often referred to as metallic
elements with high atomic weights that, when measured against water, have a
comparatively high density. Examples of such elements are arsenic (As), cadmium (Cd),
chromium (Cr), copper (Cu), lead (Pb), and mercury (HgAccording to Tchounwou et al.
(2012), environmental contamination caused by these metals is becoming a bigger issue
for ecological health and worldwide public health. A naturally occurring heavy metal
called cadmium (Cd) has been linked to hepatotoxicity through a number of methods
(Genchi et al., 2020). Reactive oxygen species (ROS) such hydroxyl groups, superoxide
radicals, and hydrogen peroxide radicals damage lipid membranes by oxidation, which is
one of the potential pathways (Nita et al., 2016). Oxidative stress is often brought on by an
excess of ROS (Pizzino et al., 2017). Because generated Reactive Oxygen Species may
deplete antioxidant status, resulting in cell death and tissue damage, they are a significant
contributor to the cadmium-induced hepatotoxicity (Branca et al., 2020).

Drynaria quercifolia contains a variety of phytochemicals, including phenols,
tannins, alkaloids, proteins, xanthoproteins, carboxylic acid, coumarins, saponins,
catechin, flavonoids, steroids, and triterpenes (Ramesh et al., 2001). According to
Mizushina et al. (2006), dried rhizomes include the flavones glycoside naringin, aglycone
naringinin, beta-amyrin, beta-sitosterol, beta-sitosterol 3-beta-D-glucopyranoside, 3, 4
dihydroxyl benzoic acid, acetyl lupeol, and beta-sitosterol. Several extractives contained
high concentrations of phenolic compounds, ranging from 103.43 to 132.23 mg of GAE/g
of extractive (Aryal et al., 2019). According to Anuja et al. (2010), Drynaria quercifolia
contained 0.048% naringin and 244 mg/g of total phenolics.

Reported in vitro pharmacological studies were antimicrobial (Balouiri et al.,
2016). Anti-inflammatory pharmacological actions in vivo were reported (Azza et al.,
2017). Till date, there is no scientifically proven data to validate the liver protective
potential of Drynaria quercifolia (L.) J. Smith. rhizome extract. Therefore, the current
study was conducted to evaluate the hepatoprotective effect of Drynaria quercifolia
rhizome extract utilizing an animal model.
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MATERIALS AND METHODS
Collection of Plant Material

In the Kollimalai, Namakkal district of the Indian state of Tamil Nadu, rhizomes of
Drynaria quercifolia (L.) J. Smith was collected. The samples were appropriately stored in
polythene bags after being collected. The director of the RAPINAT Herbarium at St.
Joseph's College in Tiruchirappalli, Dr. S. John Britto, inspected these plant samples. He
then placed a voucher specimen (Voucher No. 001) in the biochemistry department of
S.T.E.T Women's College in Mannargudi.

Preparation of the Extract

Brown hair-like microscopic structures cover the rhizome. They were taken out
using a sterile scalpel and sterile distilled water. They were reduced to tiny bits, air dried in
the shade, pounded into a coarse powder, and then kept in airtight jars. Drynaria
quercifolia Weighed 5009 of rhizome powder was macerated 1:6 in methanol. They were
kept at room temperature for 72 hours. A sterile glass rod was used to stir the liquid every
24 hours. Then, Whatmann No. 1 filter paper was used to further filter the mixture. The
extraction process was done twice to obtain all bioactive compounds. The resultant filtrate
was blended and concentrated under vacuum using a rotary evaporator. The dried residue
was stored in a refrigerator for subsequent use.

Maintenance of animals

Male adult Albino Wistar rats weighing 150-200g were selected for this study.
They were kept in a tidy polypropylene cage under typical laboratory settings (25 20 C, 12
12 h of darkness and light). They were given a regular pellet diet from Hindustan Lever in
Kolkata, India, along with unlimited access to water. Prior to the trial, the animals spent a
month becoming used to the laboratory environment. The research was carried out at the
Srimad Andavan Arts and Science College in Tiruchirappalli, Tamil Nadu, India.
Institutional Animal Ethical Committee (IAEC) examined and approved all of the
mentioned procedures (Reg. No. SAC/IAEC/BC/2015/Ph.D.003).

EXPERIMENTAL DESIGN

By randomly assigning rats to each group, five groups of six rats were generated.

Group I: Rats in the control group were given saline (0.5ml/kg).

Group Il: Rats used in disease control received a single dosage of 3.5 mg/kg/IP of
cadmium chloride (Elgaml et al., 2014).

Group I11: Rats were given a 300 mg/kg dose of Drynaria guercifolia rhizome extract
orally for 30 days before receiving a single dose of cadmium chloride (3.5 mg/kg/IP).
Group 1V: Rats exposed to cadmium chloride were given the conventional medication
silymarin (25 mg/kg) (Senthilkumar et al., 2014)

Group V: Rats were administered 300 mg/kg of Drynaria quercifolia rhizome extract
orally for 30 days.

30 days after the plant extract treatment, Animals were sacrificed by injecting with
sodium pentabarbitone and blood was collected in plain and heparinized tubes immediately
after sacrifice. The collected blood was centrifuged for 10min at 2500rpm and the serum
separated was stored at 4°C until and used for biochemical assays such as determination of
body weight and liver weight, blood glucose (Folin — Wu, 1991), glycogen (Seifter et
al.,1950), protein (Lowry, 1951), A/G ratio (Reichold, 1953), bilirubin (Malloy and



Page 1735 of 21
Prasanna Gopinathan / Afr.J.Bio.Sc. 6(8) (2024)

Evelyn,1937); AST (King, 1965), ALT (King, 1965), ALP (King, 1965), ACP (Tennis
Wood et al., 1976), y GGT (Rosalki and Rau, 1972). Lactate Dehydrogenase (King, 1965),
lipid profile such as Cholesterol (Parekh and Jung, 1970); triglyceride (Foster and Dunn,
1973). Free Fatty Acid (Falholt et al., 1973), phospholipids (Bartlette, 1959). HDL
(Friedewald et al., 1972), serum LDL and VLDL (Ohkawa et al., 1979), Urea (Natelson et
al., 1951), serum uric acid (Caraway and Seligson, 1963), creatinine (Bonsnes and
Taussky, 1945).

Liver and kidney were removed and washed with saline and the liver weight of all
rats was measured. Liver and kidney tissues were used for histopathological study.
RESULTS AND DISCUSSION

In India, the use of plants as a source of medication is a crucial part of the country's
healthcare system. Approximately 45,000 medicinal plants have been used in India, among
them, 3,000 are officially documented with medicinal potential. However, some 6,000
botanicals have been employed traditionally by Ayurvedic practitioners. Rural residents
rely on the conventional medical system 70% of the time.

The extensive, complex understanding of plants and their products has developed
into its own Shastra, known as Dravya Guna Shastra. Rasa (taste), Vipaka (metabolic
characteristic), Guna (quality), Prabhava (biological effect), and Virya (potency) are well-
defined biological elements in the study of plants and their products. These studies have
resulted in the codification of about 25,000 plant extract mixtures. Additionally, it is
estimated that there are over 50,000 formulas in folk and tribal traditions. All of these
indicate a strong desire to learn everything there is to know about the medicinal plants that
have existed in this country since the beginning of time.

Drynaria quecifolia (L.) J. Smith. was gathered from Kollimalai, Namakkal District,
Tamil Nadu, for the suggested study. The acquired components were carefully
authenticated and identified. The chosen plant, Drynaria quecifolia, is a member of the
Polypodiaceae family and one of 16 Drynaria species. It is an epiphytic fern that is
indigenous to tropical regions of Australia, Asia, and Africa. The plant's rhizomes are 2 cm
thick, dark brown in colour, and range in size from 20 to 25 mm and 0.7 to 2.5 mm.
Medicinally, this fern is used as carminative, expectorant and tonic, relieve fever,
headache and joint pain. Abdominal pain and intestinal worms are treated with the
rhizomes and leaves (Nath et al., 2016).

Effect of plant extract on body weight and liver weight

During the experiment, the rats' weight gain is solely determined by the availability
of foods. Weight loss was seen in the cadmium chloride-treated rats in the current study,
which was related to a decrease in food intake (Rafati Rahimzadeh et al., 2017). The
general increased breakdown of lipids and proteins caused by CdCI2 toxicity resulted in
further weight loss (Rafati Rahimzadeh et al., 2017). Furthermore, CdCI2 therapy led in
selective Cd accumulation in various tissues, particularly the liver. Our findings agreed
with certain previously published reports (Bernhoft et al., 2013). Adding plant extract to
the diet, on the other hand, boosted feed consumption and body weight. Regeneration of
liver cell activity was also detected, which normalised liver weight, indicating the efficacy
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of the test drug in regulating some aspects such as hunger, digestion, and assimilation in
cadmium chloride intoxicated rats. There was no discernible difference between groups I
(control) and V (rats treated with plant extract alone).

Effect of plant extract on biochemical parameters

In cadmium chloride-intoxicated rats compared to control, the blood glucose
concentration was substantially higher and the liver's glycogen content was much lower.
This increased level of glucose may be brought on by cadmium-mediated decrease of
insulin production and glucose tolerance (Buha et al., 1991). Excess glucose enters
hepatocytes and binds to the regulatory site of glycogen phosphorylase a, key enzyme of
glycogenolysis causing conformational changes. As a result, breakdown of glycogen to
glucose and thereby reduced the level of liver glycogen content and also further
enhancement of glucose. In cadmium-intoxicated rats, oral administration of Drynaria
quercifolia rhizome extract resulted in a significant (P 0.05) increase in liver glycogen
content and a decrease in plasma glucose level that was practically comparable to control
rats. Rats given the standard therapy had a similar outcome.

Proteins carry out a wide range of processes, including as metabolic processes, DNA
replication, and transporting chemicals, among others. The blood total protein/albumin
globulin ratio (A/G ratio) in rats treated with CdCI2 decreased significantly (P 0.05).
Group Il. This was linked to a deficiency in protein synthesis as well as polyribosome
disruption and disassociation from the endoplasmic reticulum (Schwarz et al., 2016).
Pretreatment of plant extract resulted in a significant increase in protein and albumin
globulin ratio (A/G ratio), which could be attributed to the assembly of ribosomes on
endoplasmic reticulum, which accelerates protein synthesis (Schwarz et al., 2016). Rats in
the control and plant extract alone treated groups showed no discernible differences.

Effect of plant extract on bilirubin

Bilirubin is an endogenous anion that is released from the liver in the bile as a
result of the normal breakdown of haemoglobin from red blood cells. It is a chemical that
the liver needs to generate bile and is only detected in trace amounts in blood. When the
liver cells are injured, bilirubin can accumulate in the blood and extracellular fluid because
they may be unable to discharge it appropriately. If the serum albumin rises and the
bilirubin moves from the tissue sites to the circulation, the serum bilirubin level may rise.
Jaundice and associated signs of hepatotoxicity can develop from increased levels of
bilirubin brought on by a decrease in liver clearance (Grigorian et al., 2014).

Total bilirubin, as opposed to ALT, may serve as a more accurate gauge of disease
severity in cases of acute human hepatic damage (Torruellas et al., 2014). The levels of
total and direct bilirubin in group Il rats were considerably higher (p 0.05) than those in
group | control rats due to hepatocyte degeneration and bile duct obstruction in the current
study’s rats. Pretreatment of cadmium chloride-intoxicated rats with plant extract restored
total and direct bilirubin levels. This response was almost identical to that shown in rats
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given the standard medication silymarin (Freitag et al., 2015). Bilirubin levels in the plant
extract alone treatment group were similar to those in control rats.

Effect of plant extract on liver marker enzymes

Transaminases are key indicators of hepatocellular injury. Alanine Transaminase
(ALT) (SGPT) was previously known as Serum Glutamate Pyruvate Transaminase. It is
widely dispersed in the liver. In the clinic, ALT levels are determined as part of a
diagnostic assessment of hepatocellular damage (Lala et al., 2022). Aspartate
Transaminase (AST) is a transaminase similar to Alanine Transaminase. Additionally, it
aids in the clinical diagnosis of liver conditions. A release of enzymes into circulation also
takes place if liver cell injury or necrosis occurs. Increased blood enzyme levels are
indicators of cellular leakage and a deterioration of the liver cell membrane's functional
integrity (Contreras-Zentella et al., 2016). Hence, a high ALT and AST level indicates
liver damage (Lala et al., 2022). According to the current study, cadmium chloride
poisoning may be caused by oxidative damage to liver cells or tissues.

Oxidative damage can be exacerbated by high levels of reactive oxygen species
(ROS) and inadequate antioxidant capacity in cells (Pizzino et al., 2017). An imbalance
between ROS and antioxidant status causes cellular leakage of ALT and AST, which raises
their levels in the blood. Plant extract treatment reduced cadmium-induced hepatotoxicity,
as evidenced by lower levels (p0.05) of ALT and AST intoxication by cadmium chloride
rats. This could be because plant extracts can protect the liver by protecting the structural
integrity of the plasma membrane, which prevents AST from seeping over the membrane.
The rats given plant extract alone had similar results to the rats in the control group.

Phosphatases are enzymes that are found in many types of tissues. Alkaline
phosphatase (ALP) and acid phosphatase (ACP), like transaminases, are used to identify
liver injury. When the liver is damaged, the damaged liver cell releases an increased
amount of ALP and ACP into the blood. This leakage could be caused by changes in
membrane permeability (EI-Nakeeb et al., 2011). Furthermore, an increase in serum ALP
levels results from an increase in synthesis in the context of an increase in biliary pressure
(Lowe et al., 2022). Because ACP is found in the cytoplasm, it is released into the blood
upon cellular damage (Lowe et al., 2022). In this study, rats given cadmium chloride
showed considerably greater levels of phosphatases than control rats (p 0.05). This could
be due to increased membrane permeability. Meanwhile, Drynaria quercifolia rhizome
extract considerably reduced the elevated ALP and ACP levels, which was comparable to
the silymarin-treated group rats.

Lactate dehydrogenase (LDH) is an enzyme found in nearly all bodily
tissues, but its concentration in the blood is low. It is essential for cellular respiration.
When tissues are injured, they release more LDH into the bloodstream. LDH is most
commonly discovered in the liver. When liver tissues are injured by heavy metals such as
cadmium, LDH leaks into the blood (Fatima et al., 2019). This could be due to cadmium
chloride-induced oxidative stress failing to stabilise the hepatocyte membrane. According
to the current study, providing cadmium chloride (group I1) enhanced the level of LDH in
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plasma considerably (P 0.05) compared to the control group (Aziz et al., 2014). (This is
group 1). The plant extract's hepatoprotective activity was demonstrated by a considerable
reduction in the high level of LDH caused by cadmium chloride. On the level of LDH,
plant extract has similar effects to conventional medications. Another indicator of liver
function is serum Gamma Glutamyl Transferase (GGT).

Several researches have recently indicated that GGT may be effective in oxidative
stress studies. Cadmium chloride induces the production of free radicals, which causes
oxidative stress (Liu et al., 2008). Several studies have recently indicated that GGT may be
effective in oxidative stress research. Oxidative stress is principally generated by the
production of free radicals, which is triggered by cadmium chloride (Liu et al., 2008). The
serum GGT level was significantly (P 0.05) normalised by oral administration of plant
extract, showing that the plant extract prevents cadmium chloride-induced liver damage
and reduces GGT leakage in blood (Koenig et al., 2015). In the current study, the effect of
plant extract on GGT levels is comparable to that of rats getting standard pharmaceutical
treatment. There was no noticeable difference between rats treated with simply plant
extract and control rats.

Effect of plant extract on lipid profile

In comparison to control rats, the cadmium chloride-treated rats had considerably
higher levels of elevated cholesterol. Some hepatic enzymes' gene expression is altered by
cadmium. The expression of Hydroxyl-Methyl-Glutaryl Co A reductase is increased by
cadmium (HMG — COA), an anabolic enzyme and suppression of 74 hydroxylase, a
catabolic enzyme of cholesterol metabolism. As a result, level of cholesterol was increased
in blood and also peripheral tissues (Huff et al., 2022). Increased cholesterol
(Hypercholesterolemia) is a major risk of Coronary Heart Diseases (CHD). Extract of D.
quercifolia rhizome significantly reduced (P < 0.05) the cholesterol level which indicatesd
the hypo cholesterolemic activity of rhizome extract. The impact of plant extract on
cholesterol levels was comparable to those of common drugs. In rats treated with plant
extract alone vs control rats, no discernible change was found.

Triglycerides are the primary components of human body fat. In the current study,
rats given cadmium chloride had significantly higher levels of triglycerides and free fatty
acids than the control group. Cadmium's negative effects on cell membranes and
disturbance of lipid metabolism, which results in an increase in hepatic synthesis of
triglycerides and/or a lower clearance rate of triglyceride-rich lipoproteins, may be to
blame (Alves-Bezerra et al., 2017). Cadmium exposure causes mitochondrial dysfunction
in the liver (Branca et al., 2003), which inhibits FFA oxidation and resulting in buildup
(Talley et al., 2022). Furthermore, cadmium toxicity increased the rate of cholesterol
production while decreasing phospholipid concentration by increasing the rate of
phospholipid breakdown. When cadmium-intoxicated rats were given a plant extract
similar to silymarin-treated animals, the change in triglyceride, free fatty acid, and
phospholipid levels was significantly (P 0.05) returned to near normal (group 1V).

Effect of plant extract on lipoproteins

In the current study, cadmium chloride significantly increased plasma triglyceride
and cholesterol levels, which increased the concentration of triglyceride-rich lipoproteins
such as LDL-C and VLDL-C (p 0.05) (group IlI) compared to the control. The new
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findings are comparable to those of the previous report (Samarghandian et al., 2015). The
acquired data clearly reflected the cadmium chloride-induced changes in lipoprotein
metabolism. In contrast, rats exposed to cadmium chloride had significantly lower HDL
levels. High Density Lipoprotein Cholesterol (HDL-C) is good cholesterol. It is significant
in lowering the risk of Cardiovascular Disease (CVD).

HDL-C mediates its effect by acting as a carrier for free cholesterol from the liver
processes and excretes cholesterol from peripheral tissues, lowering blood cholesterol
levels (Ouimet et al., 2019). It has been hypothesised that a liver problem brought on by
cadmium exposure will lower HDL-C levels, lead to dyslipidemia, and interfere with the
biological processes that make HDL-C. (Samarghandian et al., 2015). In the current
investigation, group Il rats were exposed to cadmium chloride, which changed their livers
and caused tissue damage. Reduced HDL production was caused by liver injury. Oral
treatment with plant extract significantly (P 0.05) reduced the severity of liver damage,
resulting in a significant decrease in LDL and VLDL levels and an increase in HDL levels
(group HI). A comparable result was observed in the group receiving standard
pharmaceutical therapy (IV). The results of rats given only plant extract were comparable
to those of control rats.

Effect of plant extract on kidney markers

In animals, the primary nitrogenous byproduct of protein metabolism is urea. In the
course of protein breakdown, amino groups are removed and converted into ammonia
which in turn converted into urea by liver. The formed urea is then passes into kidney and
eventually excreted. The principal organs affected by cadmium exposure are the liver and
kidneys (Rafati Rahimzadeh et al., 2017). Cadmium accumulation was discovered in the
current study by an increased amount of urea in serum compared to the healthy control (P
0.05). This discovery demonstrated that the kidneys' ability to remove urea was
compromised (Pizzorno et al., 2015). The results were significantly returned to near
normal following oral administration of rhizome extract and silymarin (p 0.05), providing
evidence for the preventive effects of plant extract and silymarin on the kidney.

The metabolic breakdown of purine nucleotides produces uric acid. In the current
investigation, cadmium injection (group I1) significantly elevated uric acid levels (p 0.05)
as compared to the healthy control group. The increased amount could be linked to the
kidney's oxidative imbalance, which has been associated to cadmium toxicity (Yan et al.,
2021). However, as compared to the cadmium chloride-treated rats, the animals pretreated
with plant extract had a considerable drop in uric acid levels. The outcomes of those
treated with standard drugs and those treated just with plant extract were comparable. The
study report was compared to a few previously published studies (Ranganathan et al.,
2018).

Serum creatinine, a basic consequence of muscle metabolism that is removed
unchanged by the kidneys, is an important biomarker of renal health. The kidneys are the
primary organs in charge of eliminating creatinine from the blood, primarily via
glomerular filtration but also via proximal tubular secretion. In the current investigation,
rats exposed to cadmium chloride had substantially higher levels of creatinine (p0.05) than
controls. This could be due to cadmium's direct toxic effects on the kidney, which result in
insufficient renal filtration and a rise in blood creatinine levels (Prozialeck et al., 2012).
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Our findings were consistent with previous research on cadmium nephrotoxicity (Satarug
et al., 2020). Creatinine levels in rats treated with standard medications were significantly
lowered after administration of an oral plant extract.

Histopathological studies of Liver

Toxins and chemicals are mostly detoxified in the liver (Gu X et al., 2012). Toxic
metal accumulation, on the other hand, may harm the normal structure of hepatocytes
(Balali-Mood et al, 2021). It is the most vulnerable organ to cadmium (Rafati Rahimzadeh
et al, 2017). In the current study, Nikon microscopy was utilised to analyse the
histopathological results in the liver tissues of control and experimental animals.
According to the architecture (H & E stain and 100x), hepatocytes (HC) in the rat control
liver (group 1) were normal. Lymphocytic infiltration (LI) in the portal and periportal
areas, as well as cell debris in the circulation sinusoids (arrow mark), can be seen in the
livers of group Il cadmium chloride-exposed rats. Blood sinusoids include cell debris, and
hepatocytes have eosinophilic and ground-glass-like cytoplasm. Necrosis (N) affects a
subset of hepatocytes. Previous research has also revealed some histological abnormalities
in the liver tissue of rats exposed to Cd for 22 days. The loss of the normal architecture of
the parenchymatous tissue, cytoplasmic vacuolization, cellular degeneration and necrosis,
blocked blood vessels, destroyed mitochondrial cristae, fat globules, severe glycogen
depletion, lipofuscin pigments, and the formation of collagenous fibres are all histological
changes that can cause both apoptosis and necrosis (Miller et al., 2017).Previous research
has also revealed some histological abnormalities in the liver tissue of rats exposed to Cd
for 22 days. The loss of the normal architecture of the parenchymatous tissue, cytoplasmic
vacuolization, cellular degeneration and necrosis, blocked blood vessels, destroyed
mitochondrial cristae, fat globules, severe glycogen depletion, lipofuscin pigments, and the
formation of collagenous fibres are all histological changes that can cause both apoptosis
and necrosis (Miller et al., 2017).

Furthermore, Cd is a non-redox metal that may cause oxidative stress indirectly by
lowering GSH levels in cells. Competition with important metals including Zn, selenium
(Se), copper (Cu), and calcium impedes a variety of cellular activities, including metal
membrane transport and energy metabolism (Samet et al., 2020). It also has an impact on a
number of biological functions, including enzyme activity, DNA repair mechanisms, and
signal transmission (Sever et al., 2015). In order to restore the pathological changes caused
by cadmium chloride to normal, we used a plant extract that significantly decreased
(p0.05) the widening of the blood sinusoid (S), less fragmentation of the hepatocyte nuclei
(HN), less lighting of the cytoplasm, and less infiltration of mononuclear cells. A
poisonous rat's liver (group IV) revealed little indications of nuclei fragmentation, very
little infiltration, or necrotic development. Rats given only plant extract had no significant
liver symptoms (group V). This finding was consistent with previous research (Abdulaziz
Bardi et al., 2014).

Histopathological studies of Kidney

The cadmium metallothionein (Cd-MT) complex, which is generated in the liver,
released into the bloodstream, and absorbed by renal proximal tubule cells, mediates
cadmium chloride nephrotoxicity (Almeer et al., 2019). Cadmium was not bound to MT
when the cadmium level was high and the MT synthesis was insufficient, causing
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hepatocyte damage and the release of a Cd-MT complex into the blood. After passing
through the kidney's glomeruli, the complex in the plasma is then taken up by the proximal
tubular cells, causing harm, primarily in the cortical region, before reaching the proximal
tubule and gradually impairing the function of the organ (Basile et al., 2012).

Moreover, oxidative stress was clearly linked to the mechanism through which
CdClI2 caused kidney injury. Increased free radical production and poor antioxidant status
are the main causes of tissue damage brought on by oxidative stress (Pizzino et al., 2017).
In the current study, kidney tissues from healthy controls showed a typical thick cubic
epithelium and normal architecture of the distal convoluted tubule (group 1). The
Bowman's capsule was coated with flat epithelium in CdCl2-induced kidney tissues (group
I1), which had larger vascular glomeruli (G) tightly packed within the glomerular capsular
space (CP) (BC). A few proximal (X) and distal convoluted tubular epithelial cells exhibit
oedema-like features. Capillaries are filled with blood cells, and some tubules contain
single desquamated cells.

The proximal (X) and distal (D) convoluted tubular epithelial oedema in poisoned
rats (group Il1lI) was considerably reduced (p0.05) following pretreatment with plant
extract, confirming the antioxidant and hepatoprotective properties of plant extract. The
kidney of rats exposed to CdCI2 and silymarin (group 1V) showed no blood cells in the
capillaries and no tight filling of the capsular space. Plant extract alone treated rats had the
same renal tissue architecture as the control group. Our findings are consistent with earlier
research (Sonfack et al., 2009).

CONCLUSION

The data from the results showed that at a dose level of 300 mg/kg body weight, the
chosen plant extract displayed protective effect against cadmium chloride-induced liver
damage, and the results were comparable to those of the silymarin standard medicine.
Drynaria quercifolia rhizome extract (L) efficacy. J. Smith would very certainly have
numerous possibilities in the future. As a result, it can be used therapeutically to treat liver
problems. Future research is needed to isolate hepatoprotective bioactive components from
plant extract. To establish the hepatoprotective potential of isolated lead compounds,
preclinical and clinical investigations are required.
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Figure Legend

Fig. 1. Effect of plant drug on body weight and liver weight of experimental animals
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Results were expressed as mean £ S.E.M, n = 6. Values not sharing the common
superscript were statistically significant with each other (a—c) Values that do not share a
common superscript letter between groups different significance. b significantly different
from group 1 at p < 0.01; c significantly different from group 1 at p < 0.05 (DMRT).

Fig. 2. Effect of plant drug on glucose, protein, and A/G ratio of experimental
animals

Results were expressed as mean £ S.E.M, n = 6. Values not sharing the common
superscript were statistically significant with each other (a—c) Values that do not share a
common superscript letter between groups different significance. b significantly different
from group 1 at p < 0.01; c significantly different from group 1 at p < 0.05 (DMRT).

Fig. 3. Effect of plant drug on direct and total bilurubin of experimental animals

Results were expressed as mean £ S.EIM, n = 6. Values not sharing the common
superscript were statistically significant with each other (a—c) Values that do not share a
common superscript letter between groups different significance. b significantly different
from group 1 at p < 0.01; c significantly different from group 1 at p < 0.05 (DMRT).

Fig. 4. Effect of plant drug on AST, ALT, ALP, ACP, GGT and LDH of experimental
animals.

Results were expressed as mean £ S.EIM, n = 6. Values not sharing the common
superscript were statistically significant with each other (a—c) Values that do not share a
common superscript letter between groups different significance. b significantly different
from group 1 at p < 0.01; c significantly different from group 1 at p < 0.05 (DMRT).

Fig. 5. Effect of plant drug on cholesterol, triglyceride, FFA, and phospholipids of
experimental animals.

Results were expressed as mean + S.EIM, n = 6. Values not sharing the common
superscript were statistically significant with each other (a—c) Values that do not share a
common superscript letter between groups different significance. b significantly different
from group 1 at p < 0.01; c significantly different from group 1 at p < 0.05 (DMRT).

Fig. 6. Effect of plant drug on lipoproteins of experimental animals.

Results were expressed as mean £ S.E.M, n = 6. Values not sharing the common
superscript were statistically significant with each other (a—c) Values that do not share a
common superscript letter between groups different significance. b significantly different
from group 1 at p < 0.01; c significantly different from group 1 at p < 0.05 (DMRT).

Fig. 7. Effect of plant drug on urea, uric acid and creatinine of experimental animals
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Results were expressed as mean £ S.E.M, n = 6. Values not sharing the common
superscript were statistically significant with each other (a—c) Values that do not share a
common superscript letter between groups different significance. b significantly different
from group 1 at p < 0.01; c significantly different from group 1 at p < 0.05 (DMRT).

Fig. 8. Histopathological studies of Liver.

Group I: Control rat liver showed normal hepatocytes (HC) (H & E stain and 10 0x);
Group II: shows lymphocytic infiltration (L1) in the portal and periportal presence of cell
debris in the blood sinusoids (arrow mark). The cytoplasm of the hepatocytes has a ground
glass and eosinophilic appearance, necrosis (N) of some hepatocyte, presence of cell debris
in the blood sinusoids; Group I11: shows decreased widening of blood sinusoid (S), less
frag mentation of hepatocytes nuclei (HN), less lighting of the cytoplasm and de crease the
mononuclear cells infiltration (arrow mark); Gro up 1V: shows no fragmentation of nuclei,
very less in filtration and no necrotic forma ion; Group : shows nor al hepatocytes and
pathological signs were not noted.

Fig. 9. Histopathological studies of kidney (100X).

Group | show typical thick cubic epithelium and normal organization of distal convoluted
tubule; Group Il shows vascular glomeruli (G) are enlarged, tightly filling the glomerular
capsular space (CP), with flat epithelium lining the Bowman’s capsule (BC). Some cells of
the proximal (X) and distal convoluted tubular epithelium show features of oedema.
Capillaries are filled with blood cells; some tubules contain single desquamated cells
(black arrow m ark) H&E, and 100x; Group Il shows decreased oedema of both the
proximal (X), and distal (D) convoluted tubular epithelium; Group IV shows an absence of
blood cells in the capillaries and no tight filling of capsular space; Group V shows typical
thick cubic epithelium a d normal organization of distal convoluted tubule as in control.

Figures

Fig. 1.
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Fig. 7.
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