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ABSTRACT

Background: Trastuzumab (TZM) and docetaxel (DTX) are commonly employed in the treatment of breast
cancer. This study aimed to investigate the histopathological and molecular effects of TZM and DTX alone and
in combination on fetal rat liver.

Materials and Methods: Forty pregnant albino rats were divided into four equal groups. Group 1 was used as the
control group and injected with normal saline only. Group 2 (TZM alone) was injected subcutaneously with TZM
at a dose of 10 mg/kg body weight. Group 3 (DTX alone) was injected intraperitoneally with DTX at a dose of 15
mg/kg body weight. Group 4 (TZM and DTX combination) was injected with a combination of TZM (10 mg/kg)
and DTX (15 mg/kg). All groups were injected on the 6" day of gestation. The pregnant rats from the control and
treated groups were sacrificed on day 19 of gestation.

Results: As demonstrated in our study, the histological examination of fetal liver sections of the TZM alone
(Group 2) and DTX alone (Group 3) revealed several histopathological alterations, while the TZM and DTX
combination (Group 4) showed severe histopathological lesions of hepatic cords and their vasculatures. On the
molecular level, the results of this study revealed many mutation types in exon 1 of the BCL2 gene, such as
deletion, transition, and transversion after exposure to DTX alone and a combination of TZM and DTX, but the
mutation level was higher in the combination treatment, while in exon 24 of the ErbB2/HER2 gene no mutation
had occurred.

Conclusion: These findings confirmed the occurrence of a synergistic effect between TZM and DTX, which
caused more severe damage to the liver of albino rat fetuses than the effect of either therapy alone and increased

DNA mutation levels.
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INTRODUCTION

The period of pregnancy is considered one of the most important and
critical periods in the lives of the mother and fetus. During pregnancy,
the fetal liver undergoes significant functional and morphological
changes, characterized by an increase in both the number and size of
hepatocytes. The liver of the fetus is most vulnerable to detrimental
exposure and is at the hazard of major liver diseases associated with
birth 2.

TZM is a humanized recombinant monoclonal antibody that acts by
blocking the human epidermal growth factor receptor 2 (HER2), which
efficiently minimizes the mortality rate in patients with a variety of
malignancies, including breast, colorectal, and gastric cancer 7.
Besides its usage combined with chemotherapy agents, TZM has
demonstrated a good prognosis when combined with other anticancer
drugs °.

The taxanes exemplify the backbone of numerous systemically
antitumor treatment regimens for both early-stage and advanced-stage
solid tumors 7. DTX is a strong taxane that acts as an antitumor by
intervening with a microtubule network that is essential to the mitosis
of cells and interphase cellular function ®. Currently, DTX has been
broadly utilized as an intravenous anticancer medication for solid
malignancies such as prostate, non-small cell lung, and breast cancer °.

In the latest years, a combination treatment of concurrent administration
of many drugs has proved to be superior to using a single medication
in clinical settings, consequently lowering the occurrence of multi-
drug resistance !°. A study done by Feng et al. '' reported that TZM
combined with DTX effectively improves the clinical effectiveness
of patients with HER2-positive breast cancer and decreases levels of
serum tumor markers and inflammatory factors. Another study showed
a favorable clinical impact of TZM and DTX combination therapy
in treating metastatic HER2-positive extramammary Paget’s disease
(EMPD) .

Considering the significance of the fetal liver, and it is the first organ
exposed to chemotherapy, however, there are no studies available on
the impacts of TZM and DTX, either alone or in combination, on the
histopathology and molecular of the fetal liver. Therefore, this study
aims to investigate the histopathological and molecular effects of TZM
and DTX, both individually and in combination, on fetal albino rat
livers.

MATERIALS AND METHODS

Ethical consideration

This study was approved by the Scientific Committee at the University of
Duhok/College of Science/Department of Biology (reference number:
107 in June 6, 2021), as part of the fulfillment of the requirements for
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the corresponding author’s Ph.D. degree.

Experimental animals

The present study was carried out on forty healthy adult virgin female
Wistar albino rats (Rattus norvegicus) aged 12-14 weeks old, and their
average weights ranged from 160 to 220 gm. The experiment was
conducted in the animal house of the Biology Department, College
of Science, Duhok University, Iraq. In accordance with ethics and
accepted laboratory rules, the animals were housed in plastic cages
and kept in controlled environmental conditions of temperature (25-30
°C), ventilation, and light cycle (12 hours light and 12 hours dark per
day). During the experiment period, the animals were fed with standard
pellets and water ad libitum.

The Mating procedure

The adult virgin female albino rats were mated overnight with fertile
males at a ratio of 2 females and 1 male per cage. The following
morning, the mating was confirmed by a vaginal smear taken from
female rats and examined microscopically to check for sperm. The
presence of spermatozoa in the vaginal smears was considered day zero
of pregnancy.

Test anti-cancer drugs

Herceptin®, a brand name of the targeted cancer drug TZM, in the
dosage form of 440 mg/20 mL, and Taxotere®, the commercial
formulation of DTX, in the dosage form of 80 mg/10 mL, were
obtained from the Oncology Department of the Azadi Teaching
Hospital, Duhok, Iraq.

Experimental design

Forty pregnant albino rats were divided into four equal groups; each
group has ten pregnant rats, which were injected on the sixth day of
gestation, as follows:

Group 1 (Control): The pregnant rats were injected with normal saline
only.

Group 2 (TZM Alone): The pregnant rats were injected subcutaneously
with TZM at a dose of 10 mg/kg body weight.

Group 3 (DTX Alone): The pregnant rats were injected intraperitoneally
with DTX at a dose of 15 mg/kg body weight.

Group 4 (TZM and DTX Combination): The pregnant rats were
injected with a combination of TZM (10 mg/kg) and DTX (15 mg/kg).

Histopathological study

The fetuses were fixed in Bouin’s fixative for 24 hours, followed by
washing in 70% ethanol several times for picric acid removal, and then
stored in 70% ethanol. After fixation, they were dehydrated through
an ascending grade of alcohol, cleared by xylene, and embedded in
the paraffin wax. Thereafter, the blocks of paraffin-embedded fetuses
were cut to 5 pm of thickness, mounted on slides glass, and stained
with hematoxylin and eosin (H&E). The slides were examined with a
Motic light microscope to find out the histopathological alterations in
the fetal liver.

Molecular study

DNA Extraction

Genomic DNA was extracted from 40 rat fetal liver tissue samples
according to the protocol of Geneaid™ DNA Isolation Kit, a product
that is commercially available and produced by Geneaid Biotech Ltd.,
Taiwan.

Estimation of concentration and purity of extracted DNA

The Nanodrop apparatus was used to estimate the extracted DNA
concentration, while the DNA purity was assessed by calculating the
absorbance 260/280 ratio.

Detection of ErbB2/HER2 and BCL2 genes by conventional PCR
technique

The ErbB2/HER2 and BCL2 genes had been detected in the rat fetal
liver tissue samples by conventional PCR technique as follows: four
microliters (100 nanograms) of template DNA and one microliter (10
picompl) of each gene-specific primer were added to the contents of
the master mix. The primer sequences for the ErbB2/HER2 and BCL2
genes are new design primers that include the coding regions of these
two genes (Table 1). The primers were synthesized by Macrogen
Company, South Korea.

Table 1. Primer sequences used in C-PCR.

PCR product Annealing

size Temp. LT

Primer Sequence (5’ -'3)

F: TTCTGATTCTTCCC-
GTCCTC

R: TGGCAGAAGGTAT-
GTCACGA

F: TAAAGGAAAACA-
CACCTGATTTTA BCL2
R: GACCACAGGTGGCA-

CAGG

644 bp. 57°C HER2

613 bp. 57°C

Afterwards, the reaction tubes were placed in the thermocycler
apparatus to perform the multiplex reaction, utilizing the special
reaction program (Table 2).

Table 2. The ErbB2/HER2 and BCL2 genes amplification program.

lg;.cl(:t 2 Time Temperature (°C) Stage No.
. Initial
! > min. % denaturation
45 sec. 95 denaturation
35 1 min. 57 Annealing
1 min. 72 Extension
1 7 min. 72 Final extension

The electrophoresis analysis of conventional PCR products

The amplified C-PCR products were analyzed for the ErtbB2/HER2
and BCL2 genes on a 2% concentration of agarose gel. Electrophoresis
was carried out at 5 V/cm for 1.5-2 hours, and the gel was viewed
under an ultraviolet (UV) transilluminator and photographed by the gel
documentary system.

DNA sequencing of genes

The C-PCR products of 40 DNA samples were sent to Psomagen
USA to read the sequences and identify the variations of the ErbB2/
HER2 and BCL2 genes based on the Sanger method. The sequences of
nucleotides were aligned with DNA sequences available in the National
Center for Biotechnology Information (NCBI) GenBank database by
using the BLAST tool.

RESULTS

Histological and Histopathological Examination

Group 1: Histological Structure of the Liver of Albino Rat Fetuses
The light microscopic examination of the fetal liver sections in the
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control group at the 19" day-old fetuses illustrated normal appearance,
as demonstrated in the figure (1). This figure revealed that the liver
at this stage of development displayed unclearly defined hepatic
lobules and each lobule is composed of primitive hepatocytes tidied
up as disorganized, branched, and linked ribbons raying from a central
vein towards the periphery. These cords of primitive hepatocytes are
segregated by blood sinusoids.

Figure 1. A photomicrograph of the transverse section of the fetal
liver of 19-day-old albino rat fetuses of the control group showing:
the normal histological structure of the liver tissue: central vein (CV),
hepatocytes (red arrow), and blood sinusoid (green arrow) (H&E,
400x).

Group 2: Effect of TZM (10 mg/kg) on the Liver of Albino Rat Fetuses
The liver of the rat fetuses maternally injected with TZM alone
exhibited many histopathological alterations. These alterations include
sever congestion of sinusoids and blood capillaries, dilation of central
vein, and hemorrhage in the hepatic tissue. The fetal hepatocytes
possessed various abnormal cytological changes, including apoptosis
and necrosis of primitive hepatocytes. Other hepatocytes displayed
swelling and vacuolar degeneration in primitive hepatocytes (Figure 2).

Figure 2. A photomicrograph of the transverse section through the fetal
liver of 19-day old albino rat fetuses of the 10 mg/kg TZM alone treated
group showing: (A) vacuolar degeneration (blue arrow) and necrosis
(red arrow) of primitive hepatocytes, congested blood vessel (BV), and
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sever congestion of sinusoids (yellow arrow). (B) dilated central vein
(CV) with swelling of hepatocytes (white arrow). (C) hemorrhage (H),
and apoptotic bodies (red circle) (H&E; A, B, and C 400x).

Group 3: Effect of DTX (15 mg/kg) on the Liver of Albino Rat Fetuses
The liver of 19-day-old albino rat fetuses maternally treated with
DTX alone showed different hepatic histopathological changes
including vacuolar degeneration of hepatocytes, coagulative necrosis
of hepatocytes, and the formation of apoptotic bodies. Also, the fetal
liver displayed an important abnormality in this treated group; the
tissue demonstrated that this concentration caused the formation of
hepatic steatosis which is classified into two types: macrovesicular
and microvesicular steatoses. Besides, ballooning hepatocytes were
observed, which are characterized as inflated hepatocytes with rarefied
cytoplasm. Other effects of this treatment included dilation and
congestion of the central vein and dilation of the sinusoids. In addition,
the hemorrhage was seen inside the sinusoids (Figure 3).

Figure 3. A photomicrograph of the transverse section of the fetal
liver of 19-day-old albino rat fetuses of the 15 mg/kg DTX-treated
group showing: (A) vacuolar degeneration (blue arrow), and ballooned
primitive hepatocytes (orange arrow). (B) macrovesicular steatosis
(green arrow), microvesicular steatosis (black arrow), and coagulative
necrosis (red arrow) of hepatocytes. (C) the formation of apoptotic
bodies (red circle). (D) dilated and congested of central vein (CV).
(E) congested central vein (CV) and dilated blood sinusoids (S). (F)
hemorrhage (H) was seen inside the sinusoids (H&E; A, B, C 400x, D
100x, E, and F 400x).

Group 4: Effect of a Combination of TZM (10 mg/kg) and DTX (15
mg/kg) on the Liver of Albino Rat Fetuses

The histological examination of the hepatic tissue of the rat
fetuses maternally treated with a combination of TZM and DTX
displayed severe histopathological lesions of hepatic cords and their
vasculatures. These lesions include degeneration and necrosis of
primitive hepatocytes, numerous of the primitive hepatocytes showed
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pyknotic nuclei, and the formation of apoptotic bodies. Other impacts
of this combination on the fetal hepatocytes were the formation of
hepatic steatosis, which includes macrovesicular and microvesicular
steatoses, and ballooning primitive hepatocytes. Besides, dilation and
sever congestion of blood sinusoids, congestion of central veins, and
vascular congestion associated with severe hemorrhage were detected
in the fetal liver. The hemorrhage was seen inside the sinusoids, the
central vein, and between the hepatocytes. Also, the combination of
TZM and DTX caused hyperplasia of kupffer cells (Figure 4).

Figure 4. A photomicrograph of the transverse section of the fetal liver
of 19-day old albino rat fetuses of the combination of TZM (10 mg/kg)
and DTX (15 mg/kg) treated group showing: degeneration (blue arrow)
and necrosis (red arrow) of primitive hepatocytes, pyknotic nuclei
(purple arrow), apoptotic bodies (red circle), macrovesicular steatosis
(green arrow), microvesicular steatosis (black arrow), ballooned
primitive hepatocytes (orange arrow), dilated blood sinusoids (S),
sever congested blood sinusoids (yellow arrow), congested central vein
(CV), hemorrhage (H) was seen inside the sinusoids, the central vein,
and between the hepatocytes and hyperplasia of kupffer cells (pink
arrow) (H&E, 100x).

Molecular study of the ErbB2/HER2 and BCL2 genes

Genomic DNA Extraction

To study the genetic mutations in the ErbB2/HER2, and BCL2 genes
and their relationship to congenital malformations, the genomic DNA
was extracted from fetal liver tissue of the control and treated groups.
The concentration of extracted DNA from treated and untreated
samples was 30-50 ng/pl, and the extracted DNA purity of these
samples was 1.8-1.9.

Amplification of the ErbB2/HER?2 gene

The ErbB2/HER2 genewasamplifiedbyaconventional polymerasechain
reactionusing specific designed primers (ErbB2/HER2/neuinrat forward
primer: 5’-TTCTGATTCTTCCCGTCCTC-3’ and ErbB2/HER2/neu
in rat reverse primer: 5’-TGGCAGAAGGTATGTCACGA-3’). The
outcomes displayed a single amplified product from both the control
and treated groups, which has a molecular size of 644 bp (Figure 5).

4= (44 bp

Figure 5. The amplification product of the ErbB2/HER2 gene, with a size
of 644 bp. Conventional PCR amplified products on a 2% agarose gel.

Amplification of the BCL2 gene

The conventional PCR technique was employed to amplify the BCL2
gene by using specific designed primers (BCL2 forward primer:
5’-TAAAGGAAAACACACCTGATTTTA-3" and BCL2 reverse
primer: 5°- GACCACAGGTGGCACAGG -3’°). The results showed
single DNA bands with a size of 613 bp in the untreated and treated

groups (Figure 6).

Figure 6. The amplification product of the BCL2 gene, with a size of

v - s € 613bp

613 bp. Conventional PCR amplified products on a 2% agarose gel.

Amplified product sequences of the ErbB2/HER2 and BCL2 genes

Comparison of ErbB2/HER?2 and BCL2 gene sequences between
control and NCBI theoretical sequences

The results of this study showed that there were no differences in ErbB2/
HER2 and BCL2 gene sequences between the control and theoretical
sequences from GenBank (NCBI) and the compatibility was 100%.

Comparison between fetuses ErbB2 gene sequences from the TZM
alone group and theoretical sequences from NCBI

The results of the current study showed no differences between exon
24 of the fetuses ErbB2 gene sequences from the TZM alone group and
NCBI sequences, with a compatibility of 100% (Figure 7).

Differences of BCL2 gene sequences in the fetuses of the DTX alone
group compared with the NCBI theoretical sequences

In contrast, the anticancer drug DTX at a dose of 15 mg/kg revealed
many mutation types in exon 1 of the BCL2 gene sequences, which
include nine transition mutations, thirteen transversion mutations, and
two deletion mutations compared with the theoretical sequences from
GenBank (NCBI) as shown in figure (8) and Table (3).
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Figure 9. A comparison between the BCL2 gene sequences of fetuses from the combined group (TZM and DTX) and NCBI theoretical sequences.

Table 3. The various types of mutations that occurred in exon 1 of the BCI2 gene sequences of fetuses in the DTX alone group compared with the

theoretical NCBI sequences.

G>A 10
G>A 16
C>T 43
T>C 165
Transition mutations 9 G>A 245
A>G 249
A>G 258
T>C 422
A>G 426
T>A 5
>G 24
G>T 45
T>A 58
T>A 59
G>T 166
Transversion mutations 13 A>T 261
A>C 270
G>C 390
C>G 419
G>C 420
G>C 423
A>C 469
. . >A 391
Deletion mutations 2 ST 416
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Table 4. The various types of mutations that occurred in exon 1 of the BCI2 gene sequences of fetuses in the combined group (TZM and DTX)
compared with the theoretical NCBI sequences.

>C 1753
A>G 1780
T>C 1784
>C 1787
A>G 1797
G>A 1817
C>T 1837
C>T 1839
A>G 1865
>C 1882
A>G 1883
G>A 1885
G>A 1897
A>G 1913
A>G 1914
A>G 1924
G>A 1926
Transition mutations 35 A>G 1932
A>G 1933
C>T 1943
>C 1960
A>G 1995
A>G 1996
G>A 2004
A>G 2016
C>T 2027
A>G 2032
>C 2043
G>A 2060
A>G 2106
>C 2115
G>A 2120
A>G 2121
A>G 2147
>C 2152
G 1746
C>A 1751
T>A 1754
C>A 1757
G>C 1759
C>A 1760
C>A 1761
Cc>G 1762
>G 1764
Transversion mutations 69 G>T 1772
C>A 1781
G>T 1789
G>C 1794
T>A 1803
T>A 1804
C>A 1805
T>A 1810
T>A 1818
C>A 1820
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Cc>G 1821
C>A 1831
G>T 1832
G>T 1841
G>T 1863
T>G 1866
>G 1870
T>G 1873
C>G 1876
T>G 1877
C>G 1878
>G 1881
C>A 1884
™G 1904
C>A 1916
A>C 1923
T>A 1936
C>A 1937
>G 1942
C>G 1955
G 1957
C>A 1958
>G 1961
>G 1963
>G 1969
G>T 1970
C>A 1973
C>A 1990
G>C 1991
>G 1993
A>C 2002
™G 2009
Cc>G 2024
A>C 2031
G>T 2037
C>A 2051
C>G 2074
Cc>G 2080
A>C 2086
G>C 2087
C>G 2096
G>C 2102
T>G 2125
C>A 2134
A>T 2142
ASC 2151
G 2157
A>C 2159
G>C 2165
A>T 2175
>C 1790
>A 1791
>A 1833
SA 1834
->T 1851
' ' >T 1852
Deletion mutations 12 A>- 1855
A>- 1856
A>- 1857
A>- 1858
>A 1964
>C 2177
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Differences between BCL2 gene sequences in the fetuses of the
combined group (TZM and DTX) and NCBI theoretical sequences
Our study revealed many mutations in exon 1 of the BCL2 gene
sequences in the combined group (TZM and DTX). These mutations
were of many types, which include thirty-five transition mutations,
sixty-nine transversion mutations and twelve deletion mutations,
compared with the theoretical sequences from the NCBI GenBank, as
shown in Figure (9) and Table (4).

DISCUSSION

The liver is an organ of vital importance responsible for the detoxifying
and eliminating of toxic products. The medications in the mother's
circulation first need to be transferred through placental barriers in
order to enter the blood of the fetus, then travel across umbilical veins.
A small amount of the blood will pass through the fetal liver prior to
arriving at the heart, so the liver of the fetus is the first organ receiving
placentally transmitted medication 3.

The present study used TZM, which targets HER2, for gastric and
breast cancer '*!°. Notably, there aren't any published studies on
the histopathological effects of TZM on the fetal rat liver. To our
comprehension, this is the first study of histological alterations in the
liver of albino rat fetuses induced by this anti-HER2 (Neu/ErbB2)
monoclonal antibody.

The current histological investigation demonstrated several
histopathological alterations in the liver tissues of albino rat fetuses
maternally treated with TZM alone such as sever congestion of sinusoids
and blood capillaries in the hepatic tissue, and dilatation of central
vein. According to Kumar ef al. %, this could be due to an inflammatory
reaction aroused by chemical mediators such as prostaglandin and
histamine released by mast cells and other inflammatory cells that cause
vasodilatation and a localized increase in blood flow that's associated
with capillary bed engorgement, which becomes more permeable to
protein-rich fluid, thereby raising the viscosity of blood and RBCs
aggregate creating blood clots. These pathological events are mirrored
microscopically as many dilation blood vessels filled by RBCs with
congestion and clotting.

During the development of the embryo, vascular endothelial growth
factor (VEGF) plays an important role in the embryonic vasculogenesis
and angiogenesis 7. The higher expression of HER2 (Neuw/ErbB2) in
the fetal rat liver is correlated with increased expression of VEGEF. In
the current study, the possible mechanism by which TZM-induced
hemorrhage occurs in the liver of rat fetuses is by blocking ErbB2,
which causes vascular disruption through inhibition of VEGF and leads
to hemorrhage.

The hepatocytes of rat fetuses maternally treated with TZM alone
showed the vacuolar degeneration of primitive hepatocytes. According
to Torbenson and Washington ', vacuolar degeneration, which
appeared as a foamy manifestation of the cytoplasm of the hepatocytes,
was the outcome of an endoplasmic reticulum edema associated with a
rise in the intracellular water.

The observed necrosis of the primitive hepatocytes in this study might
be due to TZM causing the opening of the mitochondrial permeability
transition pore (MPTP), an increased production of reactive oxygen
species (ROS), and a depletion of ATP ". These alterations lead to a
severe swelling of the mitochondrial permeability, which eventually
results in necrotic fetal hepatocytes.

Among the significant findings of the present study was the observation
of apoptotic hepatocytes. This result might be due to the blocking of
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HER?2 signaling by TZM downregulated Bcl-xL and upregulated Bcl-
xS, which enhanced the mitochondrial intrinsic apoptotic pathway .
The same study also revealed that the binding of chemotherapeutic
medications such as TZM to mitochondrial DNA (mtDNA) results in
the stimulation of apoptosis by ROS generation and loss of the function
of mitochondria.

DTX is a microtubule-active drug and one of the strongest cancer
chemotherapeutics. It has piqued keen attention among numerous
scientists worldwide due to its clinical usefulness in several solid
tumors, such as breast, lung, stomach, head and neck, ovarian, and
prostate cancers *. However, because of DTX's poor solubility in
water, the process of preparation needs to use a large number of Tween
80 (polysorbate 80) and a certain anhydrous ethanol to completely
dissolve DTX 2122,

However, there aren't any published studies on the histopathological
effects of DTX on the fetal rat liver. To our comprehension, this is
the first study of histological changes in the liver of albino rat fetuses
induced by this antimicrotubule agent.

The hepatocytes of fetuses maternally treated with DTX alone
showed apoptosis, and this might be attributed to the following two
reasons. Firstly, DTX has the capacity to promote tubulin monomer
polymerization and inhibit microtubule depolymerization, which are
recognized to play main roles in intracellular trafficking, signaling,
cell division, and migration. This disrupting of the normal balance of
the tubulin function results in mitotic arrest at the G2/M phase of the
cell cycle. Secondly, DTX can also induce apoptosis by stimulating
BCL2 phosphorylation. It is well known that BCL2 prevents cells
from apoptosis by dimerizing with the proapoptotic protein Bax. The
phosphorylation of BCL2 caused by DTX results in the loss of its
antiapoptotic function. Thus, DTX forces caspase cascade activation,
which leads to increased apoptosis 2.

According to the current study, DTX was displayed to cause necrosis in
fetal hepatic cells. There are two main reasons for this finding: either,
this could be because of the strong cytotoxic impact of DTX, or this
might be due to the excess amount of polysorbate 80 in its intravenous
formulation .

The current study has shown the alteration of DTX in the lipid
metabolism that was confirmed by the fatty degeneration noticed in the
fetal liver tissue examination. This could be due to in-utero exposure
to the ethanol contained in DTX. A study done by Gonzalez-Flores
and coworkers » reported that alcohol traverses the placenta through
passive diffusion and quickly arrives at the fetus because of its low
molecular weight and lipid solubility. The liver is the major site for
the metabolism of alcohol; consequently, it is more susceptible to an
injury related to alcohol ?6. Many researchers attempted to explain the
mechanisms of the accumulation of lipids in the hepatocytes induced by
alcohol. Yang et al. *’ and Jeon and Carr 2 reported that the liver mostly
favors alcohol as a source of energy, and due to this, it ceases utilizing
fats, which accumulate in hepatocytes, resulting in a fatty liver. On the
other hand, Yang ef al. ¥’ reported that the hydrogen generated as a
by-product of alcohol metabolism is transformed into more fat for the
synthesis of lipoproteins and cholesterol, which further accumulate as
droplets of fat in the liver.

The present study observed ballooned hepatocytes, which is considered
a unique form of injury to hepatocytes, in the liver of rat fetuses
maternally treated with DTX. Li and colleagues ** stated in their study
that these cells are round, large, and typically have a diameter around
1.5-2 times greater than that of normal hepatocytes. They are often
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observed nearby steatotic hepatocytes or regions having perisinusoidal
fibrosis. The markedly ballooned hepatocytes of maternally treated
fetuses exhibited in the current investigation could be attributed to the
disruption of microtubules and severe injury to cells induced by DTX.

Moreover, DTX treatment during the organogenesis of rats caused
damage to the hepatic vasculatures of 19-day old albino rat fetuses,
including dilated and congested appearance of the central vein and
dilated of the hepatic sinusoids. This might be due to the inflammatory
reaction that causes vasodilatation and a rise in vascular permeability,
which results in fluid loss from the blood and the vessels appearing
engorged with RBCs !¢, Hemorrhage was also observed in the fetal
liver. A possible explanation for this outcome is that DTX causes
potent functional damage to endothelial cells and leads to hemorrhage.

DTX is metabolized in the liver through the cytochrome P450 3A4
(CYP3A4) *, and this is the fundamental method for the clearance of
DTX. Patients with a low activity of CYP3A4 are at risk of decreased
clearance, leading to increased DTX toxicity *!. Robinson and
colleagues * revealed that the expression and activity of CYP3A4 are
lower in the fetus than in the adult. Due to the low activity of this
enzyme, DTX accumulates in the fetal liver, which subsequently
leads to severe histopathological lesions of the hepatic cords and their
vasculatures owing to its toxic effects.

In the present study, combined treatment of TZM and DTX exhibited
severe histopathological changes in the fetal liver tissue, which
manifested as degeneration, necrosis, apoptosis, and ballooning of
primitive hepatocytes, as well as hepatic steatosis and hyperplasia of
kupffer cells. Besides, dilated and sever congested of hepatic sinusoids,
congested of central veins, and vascular congested associated with
severe hemorrhage were detected. These findings confirmed the
occurrence of a synergistic effect between TZM and DTX, which
caused more severe damage to the liver of albino rat fetuses than the
effect of either therapy alone. To our comprehension, this is the first
study describing the histopathological effects of TZM and DTX on the
liver of 19-day-old fetuses.

The results of the current study revealed that there were no differences
in exon 24 of the ErbB2/HER?2 gene sequences between the TZM alone
group and control group, and this disclosed that this anticancer drug
didn’t affect this exon of gene sequences but might affect other exon or
intron sequences.

As an important biological process, apoptosis is essential for the
elimination of aged, undesirable, or seriously damaged cells throughout
development as well as for maintaining cellular homeostasis in
mature multicellular organisms ****. Many researchers pointed to cells
undergo apoptosis via the two major pathways: intrinsic (mediated by
mitochondria) and extrinsic (mediated by death receptors) 3¢, and is
stimulated through a plenty of factors, including genotoxic and cellular
stress .

The present study was selected the BCL2 (B-cell leukemia/lymphoma
2) gene, is the founding member of the Bcl-2 family of regulator
proteins which inhibit or induce apoptosis. Among the BCL-2 protein
family, BCL-2 is the most distinctive antiapoptotic protein. The protein
is located on chromosome 18 and has a size of 26 ku. By forming a
heterodimer with BAX, it can prevent apoptosis and maintain cell
survival ¥7.

This study indicated a very variation in exon 1 of the BCL2 gene
sequences; these variation mutations between treatment with DTX
at a dose of 15 mg/kg and control include many point mutation such

as transition and transversion mutations beside the deletion mutation.
Deletion and point mutations in the BCL2 gene have been shown
to repeal the ability of BCL2 to heterodimerize with Bax and also
rescind its function as a cell death inhibitor. According to Singh et al.
33 and Urbani et al. 3, this led to the formation of pores in the outer
mitochondrial membrane resulting in a process known as MOMP
(Mitochondrial Outer Membrane Permeabilization), which permits
cytochrome C to spill into the cytoplasm, where it binds to APAF-1
(apoptotic protease activating factor 1), promoting its oligomerization,
and binding to procaspase 9 to form a complex known as the
apoptosome. At the apoptosome, procaspase 9 is activated through
dimerization, which in turn cleaves and activates the executioner
caspases-3 and -7, leading to increased apoptotic cell death.

Furthermore, the present study results indicated that when the pregnant
female rats were treated with DTX alone during the gestation period
mentioned previously, this treatment caused increased apoptosis
in embryonic rat tissues via the intrinsic pathway. This excessive
apoptosis caused adverse effects on the organogenesis and growth
of fetal rats, and the severity of these effects was associated with the
formation of congenital malformations in rat fetuses.

The results of the present study are in agreement with those obtained
by Yoshida ef al. * who showed that when mice were intraperitoneally
exposed to DTX (5 mg/kg and 10 mg/kg), administration promoted
the mitochondrial apoptotic pathway in granulosa cells, consequently
enhancing the cleaved caspase-3 expression, a marker for apoptosis.
The results obtained by Singh et al. *° are also in agreement with the
present result mentioned above. They showed that DTX-induced
apoptosis in different cancer cells by regulation of Bcl-xL/Bcl-2
expression.

Although TZM's effectiveness is dependent on its interaction with
HER2 (Neu/ErbB2) receptors, Abo-Zeid and colleagues *' found in
their study on breast cancer cell lines that its impact arrived at the
cytogenetic levels and induced widespread genotoxicity. They showed
that TZM caused cell death by apoptosis, as well as micro-nuclei in
bi-nucleated cells of MDA-MB-231 and MCF-7 cells. This observed
damage to DNA was directly associated with the TZM concentration.
They also found that TZM increased the expression of caspase-3
extensively through raising its concentration in these two kinds of
cells. Other researchers found that TZM is renowned for inducing
accelerated apoptosis of cardiomyocytes, which is distinguished by
the downregulation of the expression of BCL2 and upregulation of the
expressions of caspase-9 and caspase-3 in myocardial tissue ***.

The results of the current study revealed that TZM in combination with
DTX elicits a synergistic effect on the BCL2 gene sequences. Our data
revealed that the combination of TZM with DTX resulted in a high
number of substitution or point mutations, which include transition
mutations and transversion mutations as well as deletion mutations in
exon 1 of the BCL2 gene sequences compared with DTX monotherapy.
These high numbers of BCL2 mutations led to the abolishment of
the ability of BCL2 to heterodimerize with Bax and also repealed its
function as a cell death suppressor. According to Singh et al. 3* and
Urbani et al. 3, this resulted in mitochondrial permeability transition
pore (MPTP) opening, cytochrome c release, and a greater increase in
caspase-9 and caspase-3 activities in embryonic rat tissues as compared
with DTX treatment alone.

Therefore, the results of the current study demonstrated that the
combination treatment of TZM and DTX on the 6™ day of gestation
increased DNA mutation levels that strongly induced apoptosis.
This potent apoptotic impact caused severe adverse effects on the
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organogenesis and growth of fetal rats, and the severity of these
effects was associated with the formation of congenital abnormalities
in rat fetuses. These molecular results confirmed the histopathological
findings.

CONCLUSION

Our results demonstrated that combined treatment of TZM and
DTX caused more severe damage to the liver tissue of albino rat
fetuses than the effect of either therapy alone. On the molecular
level, our study revealed many mutation types in exon 1 of the
BCL2 gene, which were at a higher level in the combination therapy
than in DTX alone. These results confirmed the occurrence of a
synergistic effect between TZM and DTX in rat fetuses.
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