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Cu (II) and Zn (II) are two of the most favored metals in synthesis chemistry, encompassing their thera-
peutic potentials. The present study aims to evaluate the comparative ameliorative potential of a group B
carcinogen, CCl4-induced hepatotoxicity, by our recently synthesized and characterized ternary Cu and
Zn-based complexes in vivo. Three groups of rats were treated with CCl4 alone and with the combination
of Cu (II) complex and Zn (II) complex beside the control negative group without any treatment. After
completion of the treatment, the samples were subjected to biochemical and histological analysis. The
analysis demonstrated extensive alteration in redox status, liver markers, and hepatotoxicity markers
in the CCl4, treated group compared to the control group. However, the Cu (II) complex showed signifi-
cant improvement in most of the parameters under the study. Also, histopathological evaluation and
comet assay further consolidated the findings. Hence, this investigation reveals that Cu (II) complex
has more substantial ameliorative potential in ceasing CCl4-induced hepatotoxic insults. Therefore, the
ternary Cu (II) complex act as a more potent chemotherapeutic agent in cancer treatment with milder
side effects than the Zn (II) complex.
� 2022 The Author(s). 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

Contemporary chemotherapeutic-based cancer treatment
mostly fails to improve patient mortality because of the drug resis-
tance or accumulation of severe adverse effects as co-morbidities.
The oncologists have always favored metal-based drugs since cis-
platin was endorsed in 1978 by FDA (Ghosh, 2019). However, the
prolonged use of such medications generates many side effects
and resistance limiting their efficacy for clinical purposes. In recent
years, novel strategies like the usage of chemical compounds with
new features, including controlled release, multiple internal trig-
gers, liposome-based delivery, pH and enzyme sensitivity, as well
as the incorporation of light and magnetic fields with synthetic,
medicinal inorganic, and bio-organic compounds have to widen
the therapeutic windows dealing with a diverse range of biomed-
ical applications from diagnosis to cancer therapy (Hassan et al.,
2018; Senapati et al., 2018; Khan et al., 2020). Hence, substantial
research is focused on newly synthesized metal-based drugs with
certain advantages, better efficacy, lower side effects, and cost
effectivity (Wang et al., 2019). Copper, a d9 cation with borderline
Lewis acid properties, is very active in biological entities for its vig-
orous hydrolytic and redox activities (Modec et al., 2020). These
properties allow complex formation with various coordination
numbers and geometries depending on structural versatility, easy
synthesis, and a broad range of applications in various fields. The
copper ions-rich vicinity of DNA and, along with critical enzymes
and vitamins, further biocompatibility and clinical utilization in
applied medicines (Hassan et al., 2018). Also, copper complexes
affect the tumor’s microvascular system and vascular permeability
in different forms of cancer. The literature suggests that these com-
plexes trigger cell death by apoptosis induction precisely in cancer
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cells via the production of ROS, leading to the nuclear deterioration
of DNA (Hassan et al., 2019b; Karginova et al., 2019). However, b-
carboline is an alkaloid that is chemically 9H-pyrido[3,4-b] indole.
It is found in natural products with anticancer activity and is dis-
tributed in plants, animals, and humans (Mota et al., 2020;
Aaghaz et al., 2021). It is documented that derivatives from b-
carboline exert anticancer properties manipulating DNA structure
by intercalation, blocking cyclin-dependent kinase, prohibition of
topoisomerase I and II and IkK kinase complex (Mota et al., 2020;
Alharbi et al., 2021). Recently, we have published the synthesis
and characterization of ternary Cu (II) and Zn (II) complexes of
Schiff base derived from tryptophan and auxiliary b-carboline as
shown in Fig. 1 (Alharbi et al., 2021). In the present study, our goal
was to investigate the comparative efficacy of two novel synthe-
sized complexes (Cu and Zn) in alleviating CCl4-induced hepato-
toxicity in the rat model. The target organ samples were studied
for toxicity profiling, oxidative stress, and macromolecular degra-
dation. Finally, biochemical results were confirmed by histopathol-
ogy and comet assay.
2. Methodology

2.1. Animal treatment

Adult Swiss albino rats (n = 36; 110–130 g) were procured from
the Central Animal House, Department of Pharmacy, King Saud
University, Riyadh. They were housed in hygienic and humane con-
ditions and maintained temperature and day-night cycles (Alharbi
et al., 2021). All the rats were divided into six treatment groups
(n = 6) as follows:

Group I: Control without any treatment.
Group II: A single dose of 1 mL/kg of CCl4 treated (Ebaid et al.,

2021).
Group III: Cu (II) complex at the dose of 1 mg/kg body/week for

one month in CCl4-challenged rats.
Group IV: Zn (II) complex at the dose of 1 mg/kg body/week for

one month in CCl4-challenged rats.
All the procedures, including handling and treatment with test

chemicals, were conducted per our lab standardized methods
(Ebaid et al., 2014). All the animals were sacrificed to retrieve
serum and liver samples post-treatment (Hassan et al., 2012).
The samples were used for biochemical analysis, histopathological
Fig. 1. Showing the structure of copper (II) and zinc (II) compounds with amino
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evaluation, and comet assay (Hassan et al., 2019b). The Animal
Ethics Committee approved the study at King Saud University,
Riyadh (KSA), under KSU-SE-20-38.

The sample preparation and protocols implemented have been
detailed in the supplementary file of methodology.
3. Results

3.1. Effect on liver serum markers

3.1.1. Alkaline phosphatase (ALP)
In the present investigation, its activity was elevated by

145.66% in group II compared to the control. In comparison,
groups- III and IV showed a decline in its activity by 41.28% and
20.64% concerning group II (Fig. 2).
3.1.2. Alanine aminotransferase (ALT)
Group II demonstrated rise in its activity by 170.92% as com-

pared to the control, group I confirmed gross live damage. Group
III and IV exhibited damage control by 44.40% and 33.64% with
respect to group II. (Fig. 2).
3.1.3. Aspartate aminotransferase (AST)
Group II showed an increase in AST activity by 232.34% com-

pared to the control. Group III and IV decreased its activity by
44% and 39.76% with respect to group II (Fig. 2).
3.2. Effect on key antioxidant parameters

3.2.1. Catalase (CAT)
It is one of the primary antioxidant enzymes to regulate oxida-

tive stress. Its activity was compromised by 38.56% in group II
compared to group I, whereas its activity was found replenished
by 28.12% and 13.84% with respect to group II. (Fig. 3).
3.2.2. Superoxide dismutase (SOD)
Its activity was depressed by 66.10% in group II as compared to

group I. Hitherto, group III and IV showed elevation in its activity
by 127.30% and 93.95% with respect to group II (Fig. 3).
acid, L-Tryptophan derived ligand along with auxiliary b-carbolines units.



Fig. 2. Showing the histogram of standard liver function markers (Alkaline
phosphatase, and aspartate alanine aminotransferase) in serum samples from the
treated animals. The asterisk mark * indicates values significantly different from the
control (group I), while # indicates values significantly different from the control
positive (group II). All the data are presented as the mean ± SD. P-values were
calculated by Student’s t-test, * or # p < 0.05; ** and ## p < 0.01; *** or ###
p < 0.001.

Fig. 3. Showing the histogram of key antioxidant enzymes (superoxide dismutase,
and catalase) in liver samples from the treated animals. The asterisk mark *
indicates values significantly different from the control (group I), while # indicates
values significantly different from the control positive (group II). All experiments
were conducted in triplicate, and the data are presented as the mean ± SD. P-values
were calculated by Student’s t-test, * or # p < 0.05; ** and ## p < 0.01; *** or ###
p < 0.001.

Fig. 4. Showing the histogram of standard cellular reducing powers (glutathione
reductase and reduced glutathione) in liver samples from the treated animals. The
asterisk mark * indicates values significantly different from the control (group I),
while # indicates values significantly different from the control positive (group II).
All experiments were conducted in triplicate, and the data are presented as the
mean ± SD. P-values were calculated by Student’s t-test, * or # p < 0.05; ** and ##
p < 0.01; *** or ### p < 0.001.

Fig. 5. Showing the histogram of liver toxicity markers (gamma-glutamyl trans-
ferase and glutathione-S- transferase) in liver samples from the treated animals.
The asterisk mark * indicates values significantly different from the control (group
I), while # indicates values significantly different from the control positive (group
II). All experiments were conducted in triplicate, and the data are presented as the
mean ± SD. P-values were calculated by Student’s t-test, * or # p < 0.05; ** and ##
p < 0.01; *** or ### p < 0.001.
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3.2.3. Glutathione reductase (GR)
In the present study, its activity was found a declination by

37.20% in group II as compared to the control. In contrast, group
III and IV showed a rise in activity by 45.37% and 36.57% with
respect to group II (Fig. 4).
3.2.4. Reduced glutathione level (GSH)
Group II exhibited 71.77% of increase in its level with respect to

group I. However, group III and IV showed decrease by 105.76% and
81.89% in comparison to group II (Fig. 4).
3.3. Effect on toxic load over the liver

3.3.1. Gamma-glutamyl transferase (GGT)
Group II showed elevation by 173.59% in its activity compared

to control while group III and IV showed a dip in its activity by
41.75% and 34.94% with respect to group II (Fig. 5).
3

3.3.2. Glutathione-S-transferase (GST)
The activity of this enzyme was observed to be increased by

149.12% in group II while group III and IV demonstrated a dip in
its activity by 29.43% and 21.98% in comparison to group II (Fig. 5).

3.4. Effect on lipid profile

3.4.1. Cholesterol
Group II displayed enhancement in its level by 102.62% as com-

pared to the control, whereas groups- III and IV showed a decrease
in its level by 34.53% and 31.97% with respect to group II (Fig. 6).

3.4.2. Triacylglycerides (TAGs)
Group II exhibited a rise in its level by 76.69% as compared to

the control, whereas group III and IV showed a dip in its level by
25.91% and 15.25% with respect to group II (Fig. 6).



Fig. 6. Showing the histogram of standard lipid profile parameters (cholesterol and
tri-acyl glycerides) in serum samples from the treated animals. The asterisk mark *
indicates values significantly different from the control (group I), while # indicates
values significantly different from the control positive (group II). All experiments
were conducted in triplicate, and the data are presented as the mean ± SD. P-values
were calculated by Student’s t-test, * or # p < 0.05; ** and ## p < 0.01; *** or ###
p < 0.001.
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3.5. Effect on lipid peroxidation

Malondialdehyde (MDA) is a reliable marker for measuring lipid
peroxidation in vivo. There was an increase of 260.31% in Group II,
while group III and IV showed a decline in their level by 48.01% and
38.32% compared to group II (Fig. 7).

3.6. Effect of the treatment on lactate dehydrogenase (LDH)

This enzyme is an indirect marker for assessing necrosis (Chan
et al., 2013). Its activity was elevated by 253.36% in group II as
compared to the control, while group III and IV demonstrated by
38.35% and 25.79% respectively (Fig. 7).

3.7. Albumen

Albumen is a critical indicator of liver damage and dysfunction
(Spinella et al., 2016). The level of this parameter increased by
Fig. 7. Showing the histogram of lactate dehydrogenase and total malondialdehyde
in liver samples from the treated animals. The asterisk mark * indicates values
significantly different from the control (group I), while # indicates values
significantly different from the control positive (group II). All experiments were
conducted in triplicate, and the data are presented as the mean ± SD. P-values were
calculated by Student’s t-test, * or # p < 0.05; ** and ## p < 0.01; *** or ###
p < 0.001.
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21.4% in group II while group III and IV demonstrated a dip in its
activity by 13.75% and 10.05% compared to group II (Fig. 8).

3.8. Comet assay

In the present study, group II showed a rise in comet tail length
by 57.25% in the liver samples compared to the control. However,
group III and IV decreased the tail length by 28.71% and 23.97%
with respect to group II (Fig. 9).

3.9. Effect on histology of the liver tissue

The histology of liver tissue from the treated animals showed
prominent alteration post-treatment with test compounds. The
histomicrograph of Group II showed clear signs of CCl4- induced
toxicity evidenced by extensive inflammation andw distorted tis-
sue microstructure (Fig. 9). Besides, abruptly distributed sinusoids
depicting fibrosis and nuclear deterioration were observed in most
of the hepatocytes of the same group. Group III exhibited a signif-
icant recovery in the liver section as the lineation of the cells found
tended to the central vein, and the sinusoids were comparable to
the control. A similar pattern but a lower degree of histological
improvement was observed in group IV with respect to group III.
Hence, the histological evaluation was found in agreement with
the biochemical assessment.

4. Discussion

CCl4 is a proven hepatotoxicant and lower-grade carcinogen
extensively used for comparative in vivo toxicity assessment
(Ebaid et al., 2014; Dutta et al., 2018). The current study entails
that CCl4 caused grievous hepatotoxicity in the treated animals.
However, the metal complexes alone have shown tolerance in
the animals, as reported previously by Alharbi et al., 2021). Previ-
ously, both the metals-derived complexes have demonstrated anti-
cancer activity in cell line-based studies (Alharbi et al., 2021).

It is well established that CCl4 exerts hepatotoxicity by eliciting
free radicals that invade vital organs, including liver (Al-Tamimi
et al., 2021). The radicals deteriorate the membrane and organelles
(Golgi bodies, mitochondria, and nucleus) of the cells, altering the
nature of macromolecules like proteins, enzymes and nucleic acids.
Fig. 8. Showing the histogram of serum albumen from the treated animals. The
asterisk mark * indicates values significantly different from the control (group I),
while # indicates values significantly different from the control positive (group II).
All experiments were conducted in triplicate, and the data are presented as the
mean ± SD. P-values were calculated by Student’s t-test, * or # p < 0.05; ** and ##
p < 0.01; *** or ### p < 0.001.



Fig. 9. Showing the average comet picture and liver section of the treated animals. The asterisk mark * indicates values significantly different from the control (group I), while
# indicates values significantly different from the control positive (group II). All experiments were conducted in triplicate, and the data are presented as the mean ± SD. P-
values were calculated by Student’s t-test, * or # p < 0.05; ** and ## p < 0.01; *** or ### p < 0.001.
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In such circumstances, the antioxidant system gets activated to
nullify the same. However, the present study shows that the high
dose of CCl4 fails the antioxidant system in checking oxidative
stress, as the level of SOD, CAT and GSH was compromised in the
liver samples. The Cu and Zn metal complexes significantly amelio-
rated on CCl4-induced hepatotoxicity, but the amelioration degrees
differed.

Contrary to many studies entailing Zn compounds being less
toxic than Cu compounds (Khan et al., 2020), the present investiga-
tion exhibited the opposite, i.e., stronger amelioration with lesser
toxic insults against CCl4 -induced hepatoxicity. Notably, most
studies on metal-based drugs induced toxicity are based on cell
lines, fishes and microorganisms (Delahaut et al., 2020). In this
study, Cu and Zn metal complexes show differential toxicity as
Cu- the biological system than Zn better handles complex.

Furthermore, the size of the Cu-complex is smaller than the Zn-
complex, which might facilitate better transport in blood circula-
tion followed by its metabolism, assimilation and elimination.
Also, the biological systems are well equipped for copper home-
ostasis at the molecular level backed by a vast repertoire including
metallothionein, ceruloplasmin, glutathione, copper chaperones, P-
type ATPases, etc. (Tapiero et al., 2003; Barber et al., 2021). The
5

smaller size of the Cu-complex might facilitate its interaction with
cellular proteins and nucleic acids, attributing strongly in the ame-
liorative of the hepatotoxicant. The comet assay results confirm
this notion in the present investigation.

According to themeta-studiesbyHill andShannon (2019), excess
of Zn leads to lysis of RBC, interfering with the transport of Zn and
similar metals like Cu and Fe. Hence, Zn imbalance in the chronic
condition is followed by Cu and Fe deficiency in the biological sys-
tems (Barber et al., 2021). Besides, the role of Cu at the active site
of CuZnSOD, one of the chief antioxidant enzymes, might be domi-
nant over Zn, providing the structural basis for the same (Manieri
et al., 2021). In the present study, Cu (II)-complex enhances the
activity of SOD significantly different compared to Zn (II)-complex.

On the other hand, Zn has a larger atom with d10 electronic con-
figuration compared to copper’s relatively smaller atomic size with
d9 configuration. Therefore, the two cations pose a different Lewis
acidity degree, favoring their respective complexes’ geometries.
Further, Cu (II) prefers square planar coordination along with sin-
gle or double weaker axial ligands attributed to the Jahn–Teller
effect of the d 9. Hence, Cu (II), a more vital Lewis acid with
Jahn–Teller distortion, facilitates the ion binding to amides at
around physiological pH (Schirer et al., 2017).
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5. Conclusion

The Cu (II) complex alleviates CCl4-induced hepatotoxicity bet-
ter than Zn (II) complex by checking oxidative stress and inflam-
mation. Cu is favored by its biocompatibility, smaller size with
less toxic burden in vivo. The study attempts to correlate the phar-
macological potential of the synthesized metal coordinate com-
pounds that could directly address various diseases of modern
times, including cancer.
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