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ABSTRACT

Cadmium (Cd) is an environmental and industrial toxicant that possess the ability to cause severe health
issues to humans and animals. The flavonol, kaempferide (KF), exhibits multiple pharmacological poten-
tials. Therefore, this investigation was designed to estimate the mitigative effect of KF against Cd insti-
gated hepatic damage in rats. 24 albino rats (male) were kept in 4 different groups. The group-1 was
designed as untreated/control group, group-2 was orally provided with Cd (5 mg/kg), group-3 was orally
co-administrated with Cd (5 mg/kg) along with KF (20 mg/kg) and group-4 was supplemented with KF
(20 mg/kg) during 30 days of trial. Cd administration significantly escalated ALT, ALP as well as AST levels.
A substantial decline in SOD, GST, POD, CAT, GSR activities and GSH content was observed due to Cd
exposure along with an elevation in TBARS and H,0; levels. Moreover, Cd administration elevated NF-
kB, IL-6, TNF-o as well as IL-1B levels in addition to the activity of COX-2. Furthermore, the levels of
Bax, Caspase-9 as well as Caspase-3 were escalated, besides the level of Bcl-2 was decreased after Cd
exposure. A significant increase in histopathological damages after Cd administration is a clear indication
of liver damage. However, co-treatment of KF with Cd potential recovered all the damages and signifi-
cantly reduced the biochemical and histological variations in rat liver. Overall results indicated that KF
has efficient anti-oxidant properties, which mitigated Cd instigated hepatic damage in rats.
© 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

automobile radiators (Mead, 2010). According to El-Maraghy and
Nassar (2011) cigarette smoking is one of the main source of Cd

Increasing human activities significantly disturbed the univer-
sal cycle of metalloids and heavy metals i.e., cadmium (Cd) like
toxic elements. Cd is among the major environmental and indus-
trial toxicants (Kadry and Megeed, 2018). Its prevalent existence
in natural environment and its application in daily life activities
(Ma et al., 2019) cause inevitable exposure to humans (Alshatwi
et al,, 2014). It is profoundly present in products of polyvinyl chlo-
ride, tires, photo-cells, heating elements, electrical conductors and
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exposure. Furthermore, the use of Cd containing phosphate fertiliz-
ers may elevate Cd level in crops and natural environment
(Newbigging et al., 2015).

Cd can potentially accumulate in different body organs particu-
larly in liver (Rahimzadeh et al., 2017). Cd induces functional dam-
ages in several organs like lung, pancreas, testes, kidneys, heart and
liver at cellular level (Cuypers et al., 2010). Exposure to Cd may
cause different hepatic variations (Othman et al., 2014). At lower
doses, Cd induces several pathological alterations in hepatic tis-
sues. Several investigations revealed that Cd can change anti-
oxidant status, which leads to oxidative damage (El-Habit and
Abdel Moneim, 2014). The mechanism through which Cd damages
the tissues is the reactive oxygen species (ROS) generation, which
react with cellular biomolecules and causes DNA damage, lipid
peroxidation, membrane protein injury, apoptosis and reduced
anti-oxidant status (Stohs et al., 2000).
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Growing evidences suggest that the use of phytochemicals to
treat various ailments is getting traction (Flora et al., 2007). An
O-methylated flavonol, kaempferide (KF) is a naturally occurring
flavone, which is reported in Kaempferia galangal (Jiao et al,
2017). It shows anti-carcinogenic, anti-inflammatory, anti-
oxidant (Zhang et al., 2013), anti-bacterial (Eumkeb et al., 2012)
and neuroprotective potentials (Wang et al., 2016). Nevertheless,
there is no literature available discussing the therapeutic role of
KF against liver damage. By keeping these attributes in mind, this
research was designed to estimate the mitigative role of KF on
Cd instigated hepatic damage in rats.

2. Materials and methods
2.1. Chemicals

Cd was bought from Sigma Aldrich (Germany) and KF was
bought from Merck (Germany).

2.2. Animals

Twenty-four male albino rats having weight 180 + 20 g (6-
8 weeks old) were housed in the animal house at the University
of Agriculture, Faisalabad (UAF). The animals were placed under
controlled conditions at 25 = 2 °C for 12 hrs. light/dark periods.
Throughout the experimental duration, the rats were given tap
water and standard diet. Rats were acclimatized for 7 days before
the start of the experiment. Rats were treated and handled in com-
pliance with the instructions of the European union of animal care
and experimentation (CEE Council 86/ 609).

2.3. Experimental layout

The animals were allocated into 4 equal groups and housed in
separate cages. Animals of group-1 (control) were provided with
tap water. Group-2 was intoxicated with Cd (5 mg/kg). Group-3
was treated with Cd (5 mgkg~!) and KF (20 mgkg™') orally for
about 30 days. Group-4 orally received the dose of KF (20 mgkg ™).
After 30 days, the animals were made unconscious and beheaded.
Blood was gathered in heparinized tubes for further assessment.
The liver was excised and divided into 2 equal parts, one half
was stored in zipper bags for biochemical observation at —80 °C.
The homogenization of hepatic tissues was performed with the
chilled phosphate buffer saline (25 mM; pH: 7.4) at 11,000 g for
20 min by using homogenizer. Laterally, the homogenate was used
to estimate anti-oxidative enzymes & inflammatory markers. The
second half was preserved in 10 percent formalin for histological
evaluation.

2.4. Biochemical evaluation

CAT activity was evaluated calorimetrically by means of
dichromate-acetate acid reagent (Sinha (1972). The activity of
POD was measured through a standard technique exemplified by
Chance and Maehly (1955). The action of SOD was determined
using the technique of kakkar et al. (1984). GST activity was com-
puted by the technique of Habig et al., 1974. The evaluation of GSH
content was appraised via the protocol of Jollow et al. (1974). GSR
content was determined through the procedure of Carlberg and
Mannervik (1975). The technique of Jiang et al. (1992) was used
to evaluate the TBARS level-H,0, level was appraised via the pro-
cedure of Pick and Keisari (1981).
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2.5. Hepato-serum markers analysis

The levels of ALP, AST and ALT were analyzed by using the com-
mercially available kits, bought from Wiesbaden (Germany).

2.6. Inflammatory biomarkers analysis

Inflammatory markers (IL-1B, TNF-a, IL-6, NF-kB levels and
COX-2 activity) were estimated with ELISA kits (Cusabio Technol-
ogy Llc, USA) in accordance with the company’s instructions.

2.7. Apoptotic markers assessment

The levels of apoptotic markers i.e., Caspase-9, Bax, Bcl-2 along
with Caspase-3 were estimated by ELISA kits (Cusabio Technology
Llc, USA) as directed by the manufacturer.

2.8. Histopathological observations

Fukuzawa et al. (1996) technique was used for histopathologi-
cal examination of liver. In first step, samples were rinsed for
24 h in 10% formalin for the fixation of the tissue samples and then
passed through different grades of alcohol to dehydrate, cleaned
with xylene and embedded in paraffin wax. 5 pm thin sections
were sliced by using microtome and then stained with Hema-
toxylin & Eosin stain. Lastly, the slides were examined using light
microscope (Nikon Labophot, Japan) with attached camera
(Canon-EOS 200D).

2.9. Statistical analysis

Data were presented as Mean + SEM. Values were estimated
through the application of one-way ANOVA and comparative mea-
surements between treatments were estimated by applying
Tukey’s test. Data estimation was performed using Graph Pad
Prism software. Statistics were considered significant at p < 0.05.

3. Results
3.1. Curative effect of KF on anti-oxidant enzymes

Cd administrated rats demonstrated a notable (p < 0.05) reduc-
tion in anti-oxidants i.e., CAT, POD, SOD, GST, GSR activities & GSH
content when matched to the control rats. However, the adminis-
tration of Cd + KF notably improved anti-oxidant enzymes activi-
ties & GSH content in contrast to Cd intoxicated rats.
Furthermore, in KF only supplemented group the activity of anti-
oxidant enzymes was comparable to untreated rats (Table 1).

3.2. Curative effect of KF on hepatic serum markers

Liver serum markers were assessed to determine the state of
live damage. A remarkable (p < 0.05) escalation was detected in
AST, ALP & ALT levels in Cd exposed rats when matched to
untreated rats. But the level of these markers was notably lowered
in Cd + KF co-administrated rats in comparison to Cd exposed rats.
Furthermore, hepatic serum markers in KF only treated group did
not differ significantly than control rats (Table 2).

3.3. Curative effect of KF on oxidative stress markers

TBARS as well as H,0, levels were noticeably (p < 0.05)
increased in Cd exposed rats in contrast to control. Nevertheless,
a notable reduction in H,0, and TBARS levels was observed in
Cd + KF co-treated rats relative to Cd exposed rats. Moreover, the
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Table 1
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The effect of Kaempferide on CAT, SOD, POD, GST, GSH and GSR activities against cadmium induced hepatotoxicity in rats.

Groups CAT (U/mg POD (U/mg SOD (U/mg GST (nM/min/mg GSH (nM/g GSR (nM NADPH

protein) protein) protein) protein) tissue) oxidized/min/mg
tissue)

Control 8.98 +0.11* 7.11 £ 0.05% 5.60 + 0.12% 24.71 + 0.76% 15.30 £ 0.73* 3.85 + 0.08*

cd (5 mg/kg) 4.69 + 0.09° 3.59 + 0.05° 3.11 + 0.06° 10.77 + 0.67° 8.76 + 0.38" 1.49 + 0.08"

cd (5 mg/kg) + KF (20 mg/  8.01 + 0.09° 6.80 + 0.08° 5.22 + 0.08% 20.20 + 0.58°¢ 14.55 + 0.60° 3.18 + 0.09%

kg)
KF (20 mg/kg) 8.71 £ 0.13* 7.10 £ 0.07° 5.41+0.18* 22.85 + 0.91°¢ 15.51 £ 0.76* 3.48 £ 0.15%

Values exhibited unlike letters are notably different from other groups.

Table 2
The effect of Kaempferide on serum markers of liver (AST, ALP and ALT) in rats against
cadmium administration.

Groups ALT(U/L) AST (U/L) ALP (U/L)

Control 40.26 + 1.17*  56.66 + 2.72® 73.25+1.13?

cd (5 mg/kg) 179.9 + 6.07° 199.4 + 7.35> 135.6 +2.93°

Cd (5 mg/kg) + KF (20 mg/  78.69 + 424° 63.77 +2.02* 86.24 + 2.00°
kg)

KF (20 mg/kg) 4557 £2.63* 61.21 +3.37° 75.93 + 2.30°

Values exhibited unlike letters are notably different from other groups.

Table 3
The effect of Kaempferide on TBARS and H,0, levels in rat liver after exposure of
cadmium.

Groups TBARS (nm TBARS/min/ H,0, (nM/min/mg
mg tissue) protein)
Control 14.55 + 0.46* 1.55 + 0.05%
cd (5 mg/kg) 22.46 + 0.72° 5.03 + 0.09"
cd (5 mg/kg) + KF 14.90 + 0.12° 1.99 + 0.06°
(20 mg/kg)
KF (20 mg/kg) 13.46 + 0.37¢ 1.83 + 0.05?

Values exhibited unlike letters are notably different from other groups.

treatment of only KF displayed these levels comparable to control
rats (Table 3).

3.4. Curative effect of KF on inflammatory biomarkers

After Cd exposure a notable (p < 0.05) increase in inflammatory
indices (IL-1pB, TNF-a, IL-6 and NF-kB levels in addition to COX-2
activity) was noticed relative to control rats. Conversely, Cd and
KF co-administration remarkably brought down the levels of these
biomarkers in contrast to Cd exposed rats. Besides, in only KF trea-
ted group inflammatory marker levels were near to control rats
(Table 4).

3.5. Curative effect of KF on apoptotic markers

A substantial (p < 0.05) escalation in the Bax, Caspase-9 in addi-
tion to Caspase-3 levels was noticed following the Cd exposure,
whereas the level of Bcl-2 was lowered relative to control rats.
Nevertheless, Bax, Caspase-9 along with Caspase-3 levels were
considerably reduced and the level of Bcl-2 was escalated in
Cd + KF co-treated rats relative to Cd treated rats. Furthermore,

Table 4

the levels of these markers in only KF treated rats were comparable
to control rats (Table 5).

3.6. Curative effect of KF on histopathology

Normal structural pattern including central veins and standard
sinusoids of liver was observed in control rats. The administration
of Cd resulted in deterioration, increased fat deposition and dilated
sinusoid. Nevertheless, KF supplementation markedly alleviated
these severe histological abnormalities and decreased the sinu-
soids dilation as well as necrotic cells. The morphological studies
revealed that the administration of KF restored all the structural
injuries in rat liver. Moreover, the histopathological profile of only
KF treated rats was same as in the control rats (Fig. 1).

4. Discussion

Cd is a toxic heavy metal, which is broadly reported in the envi-
ronment. Major sources of Cd distribution are industrial and agri-
cultural fertilizers. Cd accumulation in the tissues for longer time
period may cause oxidative stress, which leads to certain patholog-
ical conditions such as severe liver impairments (Bagchi et al.,
2000). Cd induced toxicity may be attenuated via anti-oxidant sup-
plementation (Karbownik et al., 2001). KF, a flavonoid derived from
plants, displays promising pharmacological properties, making it
useful for nutraceutical and medicinal applications (Qiu et al.,
2022). KF is reported to hold the anti-inflammatory, antiviral in
addition to anti-oxidant potentials (Jiao et al., 2017).

Antioxidants have abilities to protect the cellular mechanisms
from oxidative injuries (El-Demerdash et al., 2004; Ishtiaq et al.,
2022). In Cd treated rats, SOD, CAT, POD, GST as well as GSR activ-
ities & GSH content were substantially lowered due to accumula-
tion as well as production of free radicals i.e., hydroxyl and
superoxide anions (Mira et al., 2002). CAT as well as SOD are con-
sidered as the vital components of anti-oxidant defense mecha-
nism and they are crucial for eliminating oxidative stress. Cd is
responsible for direct inhibition of CAT and SOD activities due to
the direct interaction with these enzymes, which lead to discom-
posure of enzymes (Obioha et al., 2009). Previous investigation
revealed that Cd exposure imbalances the defense system by low-
ering the level of anti-oxidant enzymes i.e., CAT, SOD & GSH con-
tent (Seif et al., 2019). However, co-treated (Cd + KF) rats
displayed improvement in anti-oxidants enzymatic activity &
GSH content, which shows its potential to reduce oxidative stress

The effect of Kaempferide on inflammatory markers (NF-kB, TNF-a, IL-1B, IL-6 and COX-2) against cadmium induced damage in rat liver.

Groups NF-kB (ng/g tissue) TNF-a (ng/g tissue) IL-1p (ng/g tissue) IL-6 (ng/g tissue) COX-2 (ng/g tissue)
Control 13.37 £ 0.67¢ 7.52 + 0.31° 21.09 + 1.37° 5.19 + 0.55° 24.39 + 0.54°
Cd (5 mg/kg) 62.57 + 0.95% 16.60 + 1.68? 85.44 +1.18% 24.18 + 1.60° 65.82 + 1.587
cd (5 mg/kg) + KF (20 mg/kg) 27.59 + 1.23° 12.24 + 0.41° 33.76 + 1.59° 12.17 £ 0.56° 34.49 + 1.22°
KF (20 mg/kg) 13.19 + 0.58¢ 7.42 +0.31° 21.05 + 1.37° 5.11 * 0.59° 24,05 + 0.59°

Values exhibited unlike letters are notably different from other groups.
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Table 5
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The effect of Kaempferide on apoptotic markers of liver (Bax, Bcl-2, Caspase-3 and Caspase-9) in rats against cadmium administration.

Groups Bax (pg/mL) Bcl-2 (ng/mL) Caspase-3 (pg/mL) Caspase-9 (pg/mL)
Control 1.69 + 0.88° 17.43 + 0.65 2 1.39 £ 0.08° 2.83 +0.14¢

Cd (5 mg/kg) 9.48 + 0.26% 6.11 % 1.16° 13.43 + 0.63? 14.14 + 1.09°

Cd (5 mg/kg) + KF (20 mg/kg) 392 +0.11° 14.84 + 0.75% 2.98 + 0.08" 5.44 + 0.16"

KF (20 mg/kg) 1.67 + 0.08° 17.51 + 0.69° 1.36 + 0.08° 2.78 + 0.14¢

Values exhibited unlike letters are notably different from other groups.

(C)Cd (5 mg/kg)+KF (20 mg/kg)

(D)KF (20 mg/kg)

Fig. 1. Protective role of KF on histopathology of liver (400X /H&E). (A) Control group (B) Cd administered group (5 mg/kg). (C) Cd + KF co-treated group (D) KF administrated

group (20 mg/kg).

by eliminating the free radicals. The levels of TBARS as well as H,0,
were remarkably escalated in Cd intoxicated rats. The exposure to
Cd elevated these markers, which represents the abnormalities and
damages in liver tissues. The increased TBARS level is due to the
raised lipid-peroxidation, which is consecutively linked with the
decreased GSH content (Zhao et al., 2014). However, concurrent
treatment of Cd + KF reduced TBARS and H,0, levels owing to its
anti-oxidant property.

Cd exposure prompted a significant escalation in ALP, AST along
with ALT serum levels. Previous studies showed that the Cd expo-
sure causes liver injuries, which ultimately increases the leakage of

function markers into blood stream that resulted in a remarkable
elevation of ALP, AST and ALT in serum or plasma (ljaz et al.,
2023). However, the supplementation of KF ameliorated the
adverse effects of Cd by decreasing the tissue injuries, which ulti-
mately resulted in decreased level of ALP, AST and ALT in plasma,
that shows hepatoprotective nature of KF.

Our results confirmed that the levels of inflammatory indices
were escalated in the liver of rats exposed to Cd. Due to oxidative
stress, NF-kB gets activated and translocates into the nucleus, trig-
gering the release of inflammatory indices i.e., TNF-a, IL-6, IL-18 &
COX-2 activity (Wang et al., 2018). Because of its ability to regulate
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multiple phases of inflammatory response simultaneously, NF-kB
possess significant role in inflammation. It is reported that NF-xB
also activates COX-2, which results in inflammation as well as tis-
sue damage ([jaz et al., 2021; Lee et al., 2004). Nevertheless, the
supplementation of KF notably reduced inflammatory indices,
proving that it might act as an anti-inflammatory agent.

In the current study apoptosis was estimated by measuring Bax,
Caspase-3, Bcl-2 & Caspase-9 levels. The results revealed that Cd
treatment decreased Bcl-2 level, but increased Bax, Caspase-9
and Caspase-3 levels. Bcl-2 plays a crucial role in inhibiting apop-
tosis (Shaikh et al., 2015). In contrast, Bax is primarily responsible
for promoting apoptosis and combined with Bcl-2 it controls apop-
tosis in cells (Alvi et al., 2022; Feng et al., 2016). An augmentation
in Bax level and a reduction in Bcl-2 level causes cytochrome C to
be evicted from mitochondrial membrane into the cytoplasm and
stimulates Caspase-9 (V’egran et al., 2011). Then Caspase-9 trig-
gers Caspase-3, which leads to apoptosis (Cain et al., 2002). By
inhibiting Caspase-3 activation, apoptosis can be prevented, as it
is the key molecule in apoptosis (Grippa et al., 2015). However,
KF alleviated apoptosis in hepatocytes of rats by lowering and ele-
vating apoptotic & anti-apoptotic markers, respectively. It is evi-
dent from our study that KF exhibits anti-apoptotic properties
against Cd induced toxicity in rat’s hepatocytes.

The histopathological analysis revealed that Cd caused hepatic
injuries, which is additionally confirmed by the level of serum
markers of liver. In liver tissues, Cd exposure increased the lipid
peroxidation that resulted in morphological changes. Various hep-
atic injuries including formation of large biomass, disruption of
hepatic veins, obstruction and clotting, swelling of supportive as
well as connective tissues, inflammatory cell infiltration, nucleus
aggregation and necrosis were reported in Cd treated groups (Al-
Harbi et al., 2014). However, these serious injuries were mitigated
by KF administration. This observation revealed that KF might also
have anti-oxidant properties, because of which lipid peroxidation
decreases and ultimately resulting in reduced tissue damage.

5. Conclusion

Present findings showed that the exposure of Cd induce oxida-
tive damage, elevation of hepatic serum markers level, apoptotic
markers and inflammatory markers along with decreased anti-
oxidant enzymes activity. Moreover, histopathological damages
were detected in Cd intoxicated rats. The ameliorative effects of
KF displayed terrific curative property against oxidative damage.
KF administration recovered the levels of hepatic serum markers,
oxidative stress markers, apoptotic markers in addition to inflam-
matory indices and decreased hepatic histopathological anomalies.
This hepatoprotective effect of KF may be attributed to its anti-
oxidant as well as ROS scavenging nature.
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