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In this study, the changes caused by caffeic acid phenethyl ester (CAPE) in the 

histopathological and biochemical parameters in the oxidant / antioxidant 

balance in mice with experimental cadmium toxicity were investigated. A total 

of 40 female Swiss albino mice were used, with 10 mice in each group. The 

mice were divided into four groups (Group I - Control group, Group II - CAPE 

group, Group III - Cadmium group, Group IV - Cadmium + CAPE group). Plasma 

paraoxonase (PON) activity, high-density lipoprotein (HDL), low-density 

lipoprotein (LDL), total sialic acid (TSA), total antioxidant capacity (TAC), total 

oxidant capacity (TOC), and oxidative stress index (OSI) were analyzed on 

mice’s blood samples. The results showed that cadmium intoxication triggered 

oxidative stress in the mice. It also lowered their PON activity alongside TAC 

and HDL levels (P<0.001, P<0.01, and P<0.01, respectively) and increased their 

TSA, LDL, TOC, and OSI levels (P<0.05, P<0.01, P<0.01, and P<0.01, 

respectively). The histopathological examination of the liver tissues revealed 

focal apoptotic regions, sinusoidal occlusion, and irregularity in the cadmium 

group and no significant change in the other groups. These results indicated 

that CAPE can significantly prevent biochemical and histopathological changes 

due to cadmium damage. 
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Introduction  

The world’s population has been rapidly growing and this, 

in turn, has led to environmental and soil pollution. Heavy 

metals are a leading cause of both environmental and soil 

pollution (7). Under normal conditions, heavy metals are 

found at low levels in nature. When their levels increase, 

they have toxic effects on living beings because they 

inhibit especially enzymes (54, 58). Cadmium (Cd) is a 

commonly found heavy metal in the ecosystem and is 

highly toxic to living organisms. It gets released into the 

environment through various sources, and then passes into 

plants, soil, and water – in turn adversely affecting human 

and animal health. Cadmium-induced toxicity in tissues 

and organs causes oxidative stress in the organism (4, 18). 

Oxidative stress occurs when there is a disruption of the 

balance between free radicals and the antioxidant system 

in an organism. Free radicals disrupt the structures of 

important organic compounds such as protein, DNA, 

carbohydrate, and lipid, in the cells of living organisms, 

thus resulting in lipid peroxidation (38, 40). 

The paraoxonase (PON) enzyme – an antioxidant 

against lipid peroxidation in cell membranes – suffers a 

significant amount of activity loss during lipid 

peroxidation (55). PON is located in high-density 

lipoproteins (HDL) in serum and has a calcium-dependent 

glycoprotein structure (13, 52). It has several functions 
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such as participating in the detoxification of 

organophosphate compounds such as paraoxon and 

protecting low-density lipoproteins (LDL) from oxidation 

by hydrolyzing lipid peroxides (2, 59). For a long time, 

lipid peroxidation has been thought to be an important 

mechanism that plays a role in cadmium toxicity; 

therefore it is believed that antioxidant agents should be 

administered to protect and treat the organisms against 

oxidative stress caused by cadmium (43, 50). This has 

guided the related studies toward focusing on antioxidant 

molecules that can both strengthen the antioxidant defense 

system and prevent heavy metal poisoning. One of the 

molecules with antioxidant properties is caffeic acid 

phenethyl ester (CAPE). CAPE is a component of 

propolis, an extract collected from plants by bees. It has 

antimicrobial, anti-inflammatory, immunomodulatory, 

neuroprotective, and antioxidant properties (3, 6, 10, 37). 

Numerous studies have revealed that CAPE is a 

pharmacologically reliable molecule and increases the 

activity of antioxidant enzymes by suppressing lipid 

peroxidation (15, 21, 48). Sialic acid is a compound derived 

from neuraminic acid by N-acetylation and is one of the 

important structures of biological membranes (51, 56). 

Natural antioxidants are popular remedies that have 

few side effects and are used by the majority of people 

(23). Experimental studies are powerful tools for 

investigating agents that induce and prevent oxidative 

damage and its role in carcinogenesis. As far as we know, 

the effect of CAPE on Cd-induced liver tissue impairment 

in ovariectomized mice has not yet been reported. This 

study, it was aimed to reveal the changes induced by 

CAPE, which is a powerful natural antioxidant, in the 

antioxidant/oxidant balance of the organism through 

histopathological and biochemical parameters against an 

experimental toxicity model created in mice by using 

cadmium, which is a major heavy metal. 

 

Materials and Methods  

Ethics committee approval was obtained from Kafkas 

University Animal Experiments Local Ethics Committee 

(2016-087) for this study. In the study, using G*Power 

(3.1.9.3) software, Type-1 (alpha) error rate = 0.05, power 

(1-beta) = 0.80, effect size = 0.30. Accordingly, a total of 

40 female Swiss albino mice were used, with 10 mice in 

each group. They were fed with a standard mouse diet and 

water for 15 days to make them adapt. To make animals 

ready for the experiments, they were raised in cages at 

25±2 °C and an average humidity of 50%±5. They were 

exposed to 12 hours of light, and 12 hours of darkness. 

 

Lab animals: The mice were divided into four groups, as 

follows: 

Group-I – Control group: 10 mice 

Group-II – CAPE group: 10 mice  

Group-III – Cadmium group: 10 mice  

Group-IV – Cadmium + CAPE group: 10 mice  

The ovaries of the mice in all four groups were 

surgically removed through an ovariectomy procedure. 

They were then left to heal for 20 days, after which point 

other experiments were conducted on them. Group-I was 

fed a normal diet. The mice in this group were given saline 

intraperitoneally throughout the experiment to eliminate 

any differences between groups that might arise from 

stress and to prevent the placebo effect – a possible result 

of injections. The mice in Group II were fed with a normal 

diet plus 10 μmol/kg intraperitoneal CAPE for 15 days 

(10). The mice in Group III were fed with a normal diet, 

plus 1 mg/kg/day subcutaneous cadmium-chloride for 15 

days (32). The mice in Group IV were fed with a normal 

diet + 1 mg/kg/day subcutaneous cadmium-chloride + 10 

μmol/kg intraperitoneal CAPE for 15 days. 

 

Histopathological procedures: One day following the last 

administration, intracardiac blood samples were extracted 

from the mice and collected into heparinized tubes. Later, 

the mice were subjected to cervical dislocation. Tissue 

samples were taken from their systemic necropsies and 

fixed in a 10% formol solution. Next, sections were 

prepared on paraffin blocks following routine procedures. 

Last, they were stained with Hematoxylin-Eosin and then 

examined under a light microscope for any histopathological 

findings. 

 

Biochemical parameters: Plasma was obtained by 

centrifuging the blood samples at 3000 rpm for 10 minutes 

and kept at -20 °C until the analysis began. Plasma total 

antioxidant capacity (TAC) and total oxidant capacity 

(TOC) levels in the blood samples were measured using a 

spectrophotometer (Epoch, Biotek, USA) with 

commercial kits (Rel Assay Diagnostics®, Gaziantep, 

Türkiye) based on Erel’s method(s) (19, 20). Plasma 

paraoxonase activity was measured using Eckerson (16) 

and Gülcü’s (25) methods. PON activity was determined 

by spectrophotometric measurement of absorbance at 

25°C and 412 nm by color product yielded from 4-

nitrophenol occurring as a result of enzymatic hydrolysis 

of O,O-Diethyl O-(4-nitrophenyl) phosphate (Sigma®, 

London, UK). For paraoxonase activity, the enzyme 

activity in 1 mL serum transforming 1 nmol paraoxonase 

into 4-nitrophenol in 1 min was identified as a unit and the 

results were given in U/L. Plasma total sialic acid (TSA) 

levels were measured using Sydow’s method (53) in that 

sialic acid was separated by perchloric acid in the sample, 

and then it was boiled by Erlich reagent, and finally, the 

product was read at 525 nm. NANA (N-acetylneuraminic 

acid from Escherichia coli, Sigma®, London, UK) was 

used for the sialic acid calibration curve. Plasma LDL and 

HDL levels were measured with an automatic analyzer 
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(Huma Star 600, Germany) using a commercial kit (IBL®, 

Türkiye). The oxidative stress index (OSI) was calculated 

using the following formula: OSI (AU, arbitrary unit) = 

TOC*100/TAC. 

 

Statistical analysis: SPSS (IBM SPSS Statistic 22) was 

used to analyze the parametric values, and then generate 

statistics. ANOVA-Duncan test was used to find out 

whether or not there was a difference between the study 

groups. Moreover, ANOVA was used to identify whether 

or not there was any difference caused by a particular 

group(s). The results were expressed in mean + standard 

deviation. The difference was deemed as significant at the 

level of P<0.05. 

 

Results 

Biochemical Results: Biochemical analysis revealed the 

biochemical values of the Control group and the CAPE 

group were at normal levels, while PON activity, HDL, 

and TAC levels dropped significantly in the Cadmium 

group and the Cadmium + CAPE group (P<0.001, P<0.01, 

P<0.01, respectively). Likewise, the biochemical values of 

the Control group and the CAPE group were again at 

normal levels, whereas LDL, TSA, TOC, and OSI levels 

had increased significantly in the Cadmium group and the 

Cadmium + CAPE group (P<0.01, P<0.05, P<0.01, 

P<0.01, respectively). These findings are presented in 

Figure 1 and Figure 2 (See below). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. PON, TSA, HDL and LDL values obtained from all four groups. 
Control: Control group, CAPE: caffeic acid phenethyl ester group, Cd: cadmium group, Cd + CAPE: cadmium + caffeic acid phenethyl ester group. 

PON: paraoxonase activity, TSA: total sialic acid, HDL: high-density lipoprotein, LDL: low-density lipoprotein. a, b, c: The difference between the 

group means shown with different letters in the same row is significant. 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. TAC, TOC and OSI values obtained from all four groups. 
Control: Control group, CAPE: caffeic acid phenethyl ester group, Cd: cadmium group, Cd + CAPE: cadmium + caffeic acid phenethyl ester group. 
PON: paraoxonase activity, TAC: total antioxidant capacity, TOC: total oxidant capacity, OSI: oxidative stress index. a, b: The difference between the 

group means shown with different letters in the same row is significant. 
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Figure 3. a. Liver tissue section view of Group I. Hepatocytes and sinusoidal structure had a normal appearance (cv: vena centralis, s: 

sinusoid, arrows: hepatocyte). b. Liver tissue section view of Group II. Hepatocytes and sinusoidal structure had a normal appearance 

(cv: vena centralis, s: sinusoid, arrows: hepatocyte). c. Liver tissue section view of Group III (arrows: focal apoptotic regions, dashed 

arrows: hepatocytes, cv: vena centralis, irc: irregular remark cords, s: sinusoidal congestion). d. Liver tissue section view of Group IV 

(star: vascular congestion, db: ductus biliferi, arrows: hepatocytes, vp: portal vena). Bar: 40 µm, Hematoxylin-Eosin. 

 

 
Histopathological Results: Histopathological analysis 

revealed that the vena centralis and portal areas had a 

normal appearance and the hepatocyte sequence was 

regular in the Groups I and II. Congestion, focal necrosis, 

and degenerative areas were detected in the central and 

portal veins in the sections of Group III. In Group IV, a 

decrease was observed in both severity and frequency of 

the histopathological changes compared to Group III 

(Figure 3 a, b, c, d). 

 

Discussion and Conclusion 

Cadmium is easily absorbed by plants and can also get 

mixed into drinking water from soil thereby entering the 

food chain. Cadmium thus emerges as critical health and 

environmental problem. Heavy metals like cadmium pose 

serious health problems through contaminated water and 

food (30, 44). Living organisms do not have a mechanism 

to remove cadmium from their systems. It, therefore, 

accumulates in tissues and organs, especially the kidney 

and liver as well as the pancreas, bones, lung, and 

placenta. During chronic cadmium intoxications, 

organisms develop hepatotoxicity and nephrotoxicity (8, 

31). 

Both antioxidants and oxidants interact with one 

another in organisms. It is stated that the measurement of 

antioxidants separately in laboratories has many 

disadvantages such as time-consuming, intense workload, 

and costly complex techniques, and therefore TAC 

measurement can be used as a panel of antioxidant defence 

(5, 9, 57, 60). To determine the oxidative balance of an 

organism, it might be more useful to measure only TAC 

and TOC, rather than evaluating oxidants and antioxidants 

parameters one by one (19, 20). Some studies have 

suggested that an increased risk of disease due to cadmium 

exposure may result from systemic inflammation and 

induced oxidative stress (12, 41). Many animal model 

studies involving experimental cadmium toxicity have 

reported that cadmium causes oxidative stress, that results 
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in lipid peroxidation in cells and tissues, leading to a 

reduction in antioxidant enzymes of the organism and a 

rise in lipid peroxidation products (27, 29, 31, 34, 36, 45). 

Likewise, the present study revealed that the Cadmium 

group’s plasma TAC levels decreased significantly and 

their TOC level and OSI increased. In the groups given 

CAPE, these values were closer to those of the control 

group. This may be because cadmium accumulation in 

major organs such as the liver causes oxidative stress in 

the organism by leading to an increment in free radicals 

and a reduction in antioxidant molecules. 

Paraoxonase is a calcium-bound glycoprotein 

enzyme found in an organism’s serum, liver, kidneys, and 

intestines. It functions to hydrolyze organophosphates. 

PON, which is bound to HDL in serum, exerts an 

antioxidant action through HDL and prevents lipid 

peroxidation (2, 59). Although the literature review did 

not reveal a study investigating the relationship between 

cadmium toxicity and PON activity in mice, many studies 

such as experimental studies in rats and mice have 

revealed the effects of various toxicants on PON activity. 

Also, paraoxonase activity has been associated with 

cadmium in some studies and inhibitory effects on PON 

activity have been demonstrated (1, 14, 28, 39). The 

findings of the present study demonstrated that plasma 

PON activity and HDL levels were lower and LDL levels 

were higher in mice treated with cadmium. The plasma 

PON activity, HDL and LDL levels of the CAPE group 

and the Cadmium + CAPE group got closer to the control 

group. The Cadmium group might have had low plasma 

PON activity and HDL level alongside high LDL level 

because oxidative stress caused by cadmium intoxication 

also induces lipid peroxidation; likewise, cadmium 

inhibits calcium-dependent paraoxonase activity. 

Sialic acid is a derivative of N-acetyl neuraminic 

acid and is found in the structure of macromolecules and 

receptors. Any factor that causes malfunctions in living 

organisms also significantly increases total sialic acid 

levels (15, 51). Several studies have reported that 

endogenous and exogenous toxic agents may cause 

oxidative stress in tissues and cells and the release of sialic 

acid from oligosaccharides on the cell surface may begin 

with oxidative stress. That, in turn, causes lipid 

peroxidation and cell damage in cells and tissues (15, 17, 

51). Karapehlivan et al. (33) reported that TSA levels in 

brain, kidney and liver tissue homogenates were higher in 

mice intoxicated with mercury (a major heavy metal, like 

cadmium) than those in control group. In the present 

study, plasma TSA levels in the Cadmium group were 

higher than those of the control group. It was also found 

that the plasma TSA levels in the CAPE group were closer 

to the plasma TSA levels in the control group. It was 

thought that lipid peroxidation caused by oxidative stress 

and subsequent tissue damage may cause a rise in TSA 

levels in the Cadmium group. 

Various studies have stated that CAPE is highly 

effective in protecting core cytosolic proteins, membrane 

lipids, and DNA against oxidative damage because of its 

antioxidant and free radical scavenging properties (21, 46-

48). A handful of studies have shown that CAPE is 

effective in protecting the oxidant / antioxidant balance of 

the organism, in favor of antioxidants because it prevents 

oxidative stress in cells caused by cadmium toxicity (11, 

35). Cadmium is mainly known to target the liver. 

However, like other heavy metals, it can also accumulate 

in an organism’s kidneys, lungs, duodenum, pancreas, 

bones, and testicular tissues, and even cause cytological 

and histopathological damage. Among the precursor 

organs, the liver and kidneys filter cadmium from the body 

(22). When Cadmium enters an organism, it forms a 

durable bond with metallothionein, a protein that plays an 

important role in the liver’s metabolism. The kidneys 

excrete that the metallothionein-cadmium complex (62). 

In the liver, following Cadmium-induced oxidative stress, 

Kupffer cells activate tumor necrosis factor-alpha (TNF-

α) and interleukin-6 (IL-6) – both are pro-inflammatory 

mediators- that cause the release of adhesion molecules. 

This leads to a range of cellular and humoral activities that 

result in inflammation of hepatocytes and disrupt the cell 

membrane (61). Regardless of the route of exposure, 

Cadmium toxicity primarily causes liver necrosis and 

apoptosis of hepatocytes (26, 42). A study in which 5 

mg/kg of cadmium was administered to rats for 28 days 

reported hydropic degeneration, degeneration around the 

central vein, infiltration foci, enlargement of sinusoids, 

and pyknotic nuclei (49). Another study involving 1 

mg/kg cadmium reported both hydropic degeneration and 

infiltration foci in hepatocytes (24). The findings reported 

in all of the aforementioned studies support 

histopathological findings of the present study. 

Cadmium intoxication triggered oxidative stress in 

mice by lowering PON activity, TAC, and HDL levels and 

increasing TSA, LDL, TOC, and OSI levels. 

Histopathological analysis of all groups revealed that the 

Cadmium group developed focal apoptotic regions, 

sinusoidal congestion, and irregularity in the remark cords 

due to cadmium’s toxicity; no significant changes were 

detected in any of the other three groups. Biochemical and 

histopathological parameters were found to be similar in 

the control group and the CAPE group. In conclusion, the 

findings of the present study showed that cadmium can 

cause significant changes in biochemical and 

histopathological parameters, due to oxidative damage. 

They also demonstrate that CAPE can significantly 

prevent those changes. 
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