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A B S T R A C T

This study aims to examine cyclophosphamide (CP) exsposure associated toxicity on rat livers and the likely
defensive effects of boric acid (BA). The rats used in this study were divided into four groups: control group, CP
group, BA group, and BA + CP group. The present study was carried out using routine histological H&E stain,
immunohistochemical stain caspase-3 as apoptotic marker, serum biochemical analysis for liver function mar-
kers (alanine transaminase (ALT), aspartate transaminase (AST) and alkalen phosphatase (ALP)), oxidative stress
markers (total oxidant status (TOS), oxidative stress index (OSI) and total antioxidant capacity marker (TAC)). In
the CP group, the levels of ALT, AST, ALP, TOS, OSI and caspase-3 increased whereas TAC levels decreased
compared with the control group. In the BA + CP group, the levels of ALT, AST, ALP, TOS, OSI and caspase-3
decreased whereas TAC levels increased compared with the CP group. The histopathological evaluation of light
microscope images and immunohistochemical caspase-3 activity in the BA + CP group were found to be de-
crease compared with those in the CP group. In conclusion, BA was successful in defending the liver against
apoptosis and histopathological changes that are attributable to CP.

1. Introduction

The therapeutic effectiveness of anticancer drugs is accompanied by
cruel side effects due to their toxicity. Cyclophosphamide (CP), one of
the most common anticancer drugs, has therapeutic effectiveness
against various types of cancer and diseases such as systemic lupus
erythematosus, rheumatoid arthritis and multiple sclerosis [1]. How-
ever, similar to other anticancer drugs, when used, CP is also known to
cause toxicity in healthy tissues as well as in cancerous tissues. The use
of CP in high doses has been reported in previous studies, which claim
that it causes acute inflammation in the bladder, kidney damage and
liver damage as well as apoptosis [2–4]. CP is converted into substances
such as phosphoramide mustard and acrolein which cause oxidative
stress by cytochrome P450 system [5,6]. Very few experimental studies
note that oxidative stress is responsible for hepatotoxicity attributable
to CP [7]. Studies have also suggested that certain antioxidant agents
are effective in alleviating oxidative stress as far as the reduction of the
toxic side effects due to anticancer drugs is concerned. A series of ex-
perimental studies showed that phytogenic compounds with

antioxidant activity ensured protection against hepatotoxicity due to CP
[4,8]. The cellular antioxidant status determines the susceptibility to
oxidative damage and generally changes in response to oxidative stress.
Accordingly, many antioxidants have recently been used to prevent
oxidative damage caused by high oxidative stress attributable to CP.
Antioxidants like vitamins (vitamins C and E), enzymes (catalase, glu-
tathione peroxidase) and minerals (zinc, selenium, boron) have been
reported to protect cells against lipid peroxidation and DNA damage,
which is the first step in many pathological processes [9]. Many authors
have reported that the antioxidant levels decrease as a result of the
increased free radical production in the experimental study. Along with
boric acid (BA) as a boron, which is a naturally occurring mineral, is
widely used in industrial, agricultural and cosmetic applications as well
as being traditionally used in medicine [10]. In many studies, BA has
been shown to have antioxidant [11], hepatoprotective [10] and anti-
genotoxic effects [9]. Furthermore, BA has been suggested to increase
glutathione deposits in the body and inhibit oxidative damage by in-
hibiting other reactive oxygen species. It has also been suggested that
BA limits oxidative damage by enhancing the body’s stores of
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glutathione and inhibiting other reactive oxygen species [11]. Taking
all this into account, the present study aimed to investigate the pro-
tective effects of BA on CP-induced liver damage in rats.

2. Material and methods

2.1. Chemicals

99% pure BA, a boron compound, and CP were purchased from a
commercial company (Sigma-Aldrich, Darmstadt, Germany). BA and CP
were implemented as intraperitoneally (IP) and suspended in distilled
water. The selection of the CP and BA doses was based on the pre-
viously published studies by Ince et al. [6], Cengiz [10], and Goudarzia
et al. [12] respectively.

2.2. Treatment

All the animal studies were conducted in accordance with the ap-
proval obtained from Experimental Animals Ethics Committee of
Eskişehir Osmangazi University (No: 2018/648-1), the rats were pro-
vided by the Public Health Center. The rats used in this study were fed
in a standard environment with drinking water and standard food
pellets. The rats were maintained under standard humidity (45–50%),
temperature (22 ± 2 °C), and light (12 h light/12 h dark) conditions.

In the present study, rats were implemented with BA at 200 mg/kg
(IP. This dose of BA is nontoxic for animals, because when BA was
administrated orally, subcutaneously, and intravenously to animals for
the short term, the LD50 (lethal dose, 50%) levels for BA in laboratory
animals (e.g.) mice and rats) were in the range of approximately
1700–3450 mg/kg body weight [6,13,14].

The rats were divided into four groups with each group consisting of
six rats and were treated as follows:

Group I (Control): The rats were given normal saline IP for 6 days.
Group II (CP): The rats were injected IP with a single dose of CP

(200 mg/kg) on the fourth day.
Group III (BA): The rats were IP given BA (200 mg/kg) for 6 days.
Group IV (BA + CP): The rats were pretreated with an IP dose of BA

(200 mg/kg) for 6 days followed by the administration of a single dose
of CP (200 mg/kg) on the fourth day.

Twenty-four hours after the last BA administration, the rats were
sacrificed under anesthesia. In the line with the ethical guidelines, at
the end of the experiment, blood samples were collected in tubes
without anticoagulant for the determination of serum liver enzymes
(AST, ALT, ALP) and oxidative stress markers. The liver tissues of the
rats were cultivated for biochemical, histological and im-
munohistochemical analyses [15].

2.3. Biochemical assays

2.3.1. Measurement of the total antioxidant capacity
The total antioxidant capacity (TAC) value of the supernatant

fractions was determined using a new automated measurement method
developed by Erel [16]. Hydroxyl radicals, the most powerful biological
radicals, are produced by this method. In the assay, a ferric ion solution
in Reagent 1 was mixed with the hydrogen peroxide present in Reagent
2. The radicals, which were produced such as brown dianisidinyl ra-
dical cations produced by hydroxyl radicals, are also strong radicals. By
using this method, the anti-oxidative effect of the sample was measured
against undue radical reactions induced by the hydroxyl radicals pro-
duced. The analysis has excellent sensitivity values of less than 3%.
Results are expressed as nmol Trolox Equiv./mg protein.

2.3.2. Measurement of total oxidant status
The total oxidant status (TOS) of supernatant fractions was de-

termined using a new automated measurement method developed by
Erel [16]. The oxidants in the sample oxidized the iron ion-dianisidine

complex to ferric ion. The oxidation reaction was enhanced by the
glycerol molecules abundant in the reaction medium. The Iron ion
makes a colored complex with the xylenol orange in an acidic en-
vironment. The color density, which can be measured spectro-
photometrically, is related to the total amount of oxidant molecules in
the sample. The assay was calibrated with hydrogen peroxide and the
results were expressed in nmol H2O2 Equiv / mg protein.

2.3.3. Oxidative stress index
The percentage of the TOS level to the TAC level was accepted as the

oxidative stress index (OSI). The OSI values were calculated according
to the following formula [16]: OSI (arbitrary unit) ¼ TOS (nmol H2O2

Equiv / mg protein.) / TAC nmolTroloxEquiv / mg protein).

2.3.4. Evaluation of liver function markers
The serums were obtained from the blood samples of the rats by

centrifuging for 10 min at 3000 rpm. The samples were then analyzed to
determine serum alanine transaminase (ALT), aspartate transaminase
(AST) and alkalen phosphatase (ALP) with the help of an automated
biochemical auto-analyzer (HITACHI-917).

2.3.5. Histological analysis
The livers of the rats were fixed with a 10% formaldehyde solution

and then were embedded in paraffin in accordance with routine his-
tological preparations. These samples were derived into 5.0 μm thick
serial sections and then stained with Haematoxylin-Eosin (H&E). The
histological features of the sections were evaluated in due course [17].
The hematoxylin-eosin stained samples were observed under a light
microscope (Leica DM6000 B).

2.3.6. Immunohistochemistry
The sections were deparaffinized and rehydrated. Antigen recovery

with citrate buffer (pH 6.0) was performed by heating the sections in a
microwave at 700 W for 10 min. After blocking with 3 mL/L H2O2 the
sections were incubated. The primary antibodies directed against cas-
pase-3 (Thermo, Waltham, MA, USA) in dilution of the ultra-vision
quanta detection system (Thermo Scientific), respectively [18].

2.4. Statistical analysis

The data derived from the animal experiments were expressed as
standard error of the mean ( ± SEM). The independent measurements
and continuous data exhibiting a normal distribution were analyzed
using One Way Anova. In addition, the Kruskal-Wallis test was applied
to score the variants with an abnormal distribution. The differences
observed in the experimental groups were accepted to be significant if
the p value was <0.001 and< 0.05.

3. Results

3.1. Histological evaluations

The structure of liver tissues collected from the control and 200 mg/
kg BA groups were found to be normal (Fig. 1A and C). However, the
liver structures of the rats that were given 200 mg/kg of CP were se-
verely impaired. Among the features observed in these damaged liver
tissues were turbidity in the cytoplasm of hepatocytes, fuzziness in the
cytoplasm homogenity, as well as dark staining, shrinkage, irregularity
in the nucleus boundaries and increase in eosinophilia in the cytoplasm.
In addition, increases in congestion and erythrocytes accumulation in
the vascular structures were noted (Fig. 1B1 and B2). In addition to
minor regional changes in the examination of the liver sections of the
rats given 200 mg/kg BA and 200 mg/kg CP, histological structures
were well-preserved (Fig. 1D). In other words, the results from the
BA + CP group were remarkably similar to those of the control group.
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3.2. Apoptosis results

The liver sample of the study groups were immunohistochemically
stained to determine the concentration and intensity of the caspase-3
antigen. In the CP group, the number of caspase-3 positive liver cells

increased significantly compared to that of the control and BA groups.
This increase was statistically significant (p < 0.001). In the CP + BA
group, the number of caspase-3 positive liver cells was significantly
reduced compared to the CP group, which was also of statistical sig-
nificance (p < 0.05). The immunohistochemical findings showed that

Fig. 1. In general, histological sections of the liver were observed in the images of the control and BA groups (Fig. 1A and C). In the sections of the CP group,
congestion in the vessels, turbidity in the hepatocytes and cytoplasm, loss of homogeneity, dark eosinophilic staining of the cytoplasm in some hepatocytes and nuclei
and dilatations (arrows) sinusoidal dilations were observed (Figures B1 and B2). In the CP group, a normal histological appearance was observed (D).
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BA decreased apoptosis due to CP (Figs. 2 and 3).

3.3. Biochemistry assessments

Statistical comparisons of the mean values of AST, ALT, ALP, TAC,
TOS and OSI of all experimental groups and those of the control group
given physiological saline solution are presented in Figs. 3–6. The
biochemical data showed an increase in ALT, AST, ALP, TOS and OSI in
the CP group, while TAC levels decreased compared to the control

group, a result considered to be of statistical significance (p < 0.001).
In contrast, the groups given CP after BA (200 mg/kg), a decrease was
seen in ALT, AST, ALP, TOS and OSI levels, while TAC levels increased
compared to the control group.

4. Discussion

In the present study, it was observed that CP-induced toxicity
caused liver damage in rats. The experimental results proposed that pre-

Fig. 2. The immunohistochemical staining of the liver samples of different study groups. Activated caspase-3 in the control (Image A) and BAgroups (Image C)
showed no staining in normal liver cells. The caspase-3 protein expression in the CP group (Images B1 and B2) showed a more intense staining of liver cells and a
diffused staining as shown with the arrows (Fig. 2). Almost no activated caspase-3 stained liver cells were seen in the livers treated with BA prior to CP in the BA + CP
group (Image D) (bar: 20 μm-A, 5μm- 20 μm B1, B2, 5 μm-C, 5 μm-D HE).
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treatment with BA could decrease the CP induced hepatic damage by
modulating oxidative stress and apoptosis in the rats. In addition, the
histopathological investigation confirmed that CP causes hepatic da-
mage as evidenced by the turbidity in the cytoplasm of hepatocytes,
fuzziness in the cytoplasm homogeneity, as well as dark staining,
shrinkage, irregularity in the nucleus boundaries and increase in eosi-
nophilia in the cytoplasm. The membrane-damaging effects of the CP
metabolites may be the cause of these findings [20]. In parallel with the
findings of this study, Senthilkumar et al. [21] reported a case of ex-
tensive swelling and sinusoidal narrowing of the liver tissues of CP
treated rats. In their study, Ayhanci et al. [19] reported an increase in
the serum ALT (145%), AST (226%), ALP (88%) and LDH (73%) levels
in the 150 mg/kg CP group. In the histopathological analysis of their

studiy, dark hepatitis and dark staining as a result of condensation of
various hepatocyte nuclei, irregular nucleus boundaries and eosinophils
in the cytoplasm were emphasized. Alqahtani and Mahmoud in-
vestigated CP-induced hepatocytes apoptosis [22] and determined im-
munohistochemically both gene and protein expression levels of the
proapoptotic factors caspase-3 and Bax. In their study, the livers of the
rats treated with CP for 2 weeks revealed that CP induced a significant
increase in both caspase-3 expression and protein levels. Caglayan et al.
[23] reported that CP (200 mg/kg) activated the apoptotic and autop-
hagic pathway by increasing cysteine aspartate-specific protease-3
(caspase-3) expression and light chain 3B (LC3B) level and also in-
creased the expression of 8-hydroxy-2′-deoxyguanosine (8-OHdG),
which is the marker of oxidative DNA damage. In The present study
obtained results that are similar to those of the studies mentioned
above. In fact, in the CP group, the number of caspase-3 positive liver
cells increased significantly compared to the control and BA groups
(Figs. 2 and 3).

BA is a naturally occurring mineral that has antioxidant properties.
In addition to being used traditionally in health services, BA is widely
used in many areas such as industry and agriculture [6]. In the litera-
ture studies, two hypotheses emerged regarding the biochemical and
physiological role of BA in living organisms. In principle, BA can act in
response to hormone action and cell-membrane functions that affect
both transmembrane signals and the movement of regulatory ions
[6,10,11,24,25]. On the other hand, BA can play a role as a metabolic
manager in some enzymatic systems. At the same time, BA increases the
amount of reduced glutathione in the body, reduces the effects of oxi-
dative damage and inhibits ROS production and apoptosis [9]. More-
over, BA treatment has been proved to improve the catalytic activity of
cytochrome P450 [25]. In one study, an increase in ALT, AST, MDA and
caspase-3 levels in only ethanol (1.5 g / kg) was reported and a decrease
in SOD and CAT levels was reported. However, it was emphasized that
ALT, AST, MDA and caspase-3 levels decreased and SOD and CAT levels
increased in the 100 mg/kg boric acid + ethanol group [10]. Ince et al.
[6] demonstrated that 200 mg/kg boric acid showed strong hepato-
protective effects on liver damage induced by Carbon tetra chloride
(CCl4) in mice, possibly as a result of both antioxidant defense system
activity and inhibition of lipid peroxidation. In the CCl4-treated group,
there was a significant increase in serum AST, ALP and ALT activities,
indicating CCl4-induced damage to hepatic cells compared to the con-
trol group (p < 0.05). However, treatment with BA at a dose of
200 mg/kg prior to CCl4 was found to reverse the CCI4 -induced change
of AST, ALP and ALT (p < 0.05). The results of these studies are similar
to the findings of the present study. BA may have a possible indirectly
preventive effect on apoptosis. BA may also increase anti-oxidant levels
(probably by preventing GSH depletion) and limit inflammatory pro-
cesses and reduce ROS levels preventing apoptotic cell death (Figs. 3
and 10). In conclusion, the present study further demonstrated that CP
can induce oxidative stress while triggering apoptosis and liver injury in

Fig. 3. Intensity of the immunolabeling score of the activated caspase-3 positive
cells in the groups. ***p < 0.001 significant difference compared to control,
*p < 0.05 different compared to control.

Fig. 4. Statistical comparison of mean values of ALP values of experimental
groups with the control group. ***: p < 0.001 significant difference, *p < 0.05
different compared to control.

Fig. 5. Statistical comparison of mean values of AST values of experimental
groups with the control group. ***: p < 0.001 significant difference, *p < 0.05
different compared to control.

Fig. 6. Statistical comparison of mean values of ALT values of experimental
groups with the control group. ***: p < 0.001 significant difference.
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rats. BA could prevent all these unwanted toxic effects of CP. The anti-
oxidative stress effects of BA might be a part of its protective me-
chanism against CP-induced apoptosis and oxidative stress (Fig. 10).
The results of this study may provide a potential BA application com-
bined with CP to reduce the adverse effects of cancer treatment
(Figs. 7–9).

In the present study, experimentally induced liver tissue damage
was caused by damage to the membrane by CP metabolites. These
pathological changes in the findings are consistent with the elevation of
serum enzyme levels. A decrease in abnormal pathological findings
such as tissue damage and necrosis at the BA dose given by CP suggests
that liver tissue greatly improved.
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