Journal of Biotech Research [ISSN: 1944-3285] 2022;13:116-129

RESEARCH ARTICLE

Effect of maternal desvenlafaxine administration on the liver of albino rat
fetuses

Sarah H. Ahmed?, Abd El Wahab El Ghareeb? ", Ali H. Abu Almaaty?, Heba Ali Abd EI-Rahman?

!Department of Zoology, Faculty of Science, Port Said University, Port Said, Egypt. 2Department of Zoology,
Faculty of Science, Cairo University, Giza 12613, Egypt

Received: June 16, 2022; accepted: July 8, 2022.

Desvenlafaxine is a serotonin norepinephrine reuptake inhibitor (SNRI) that is taken orally, and has several
recorded clinical trials established its effectiveness for depression therapy and selected for being the
antidepressant of choice for pregnant women who suffer from anxiety or depression. It has been investigated
that desvenlafaxine caused a decline in fetal weight in pregnant rats and rabbits. Concerns about its
developmental safety have been raised. There isn't a lot of information about desvenlafaxine's safety during
pregnancy. The present study aims to investigate the possible histopathological, biochemical, and
immunohistochemical effects on fetal livers of Wistar rats during the gestation period through maternal
administration of desvenlafaxine. Thirty pregnant rats (Rattus norvegicus) weighing (180-200 g) were divided into
three groups, ten rats in each group. The control group was administered an oral dose of distilled water and the
treated groups were administered two oral doses of desvenlafaxine (5.14 mg/kg and 10.28 mg/kg) daily from the
5t day to the 19" day of gestation. At the end of the gestation period, the animals were sacrificed. Examination
of the fetal livers from pregnant rats treated with desvenlafaxine showed several histopathological changes in the
fetal liver. Oxidative injury was noticed in the fetal liver as the level of lipid peroxidation malondialdehyde (MDA)
was remarkably elevated, while a severe reduction in glutathione (GSH), enzymatic activities of catalase (CAT),
and superoxide dismutase (SOD) were found. Immunohistochemical analysis of fetal rat livers showed that groups
treated with desvenlafaxine demonstrated a significant increase of BAX and caspase-3 protein immunoreactivity
comparing to that in the control group. It has been found that gestational usage of desvenlafaxine may cause fetal
risk to the liver. Desvenlafaxine should be used by pregnant women only if its benefits are more than the potential
risks.
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Introduction there is a growing awareness in both mental

health services and maternity of the concern of

Around 10% of pregnant women suffer from estimating and treatment of antenatal

depression, while up to 20% of women depression. This in part arises out of the

experience depressive symptoms during their realization that antenatal depression, anxiety,

pregnancy [1]. The pregnancy period extends a and other mood disorders are not only

woman's wellbeing considerations beyond influencing the mother’s health but also
herself to involve her unborn child. Just recently, influencing the offspring [2].
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Desvenlafaxine  (Pristique™), a serotonin-
norepinephrine reuptake inhibitor (SNRI), was
manufactured as a sustained-release tablet,
which had several recorded clinical trials
established its effectiveness and safety for
depression therapy. These trials resulted in
approval from the US Food and Drug
Administration (FDA) in February 2008.
Desvenlafaxine was given an official agreement
to use for the treatment of depression [3, 4]. The
doses of desvenlafaxine approved to be used are
50 or 100 mg per day. There is some evidence
that a high dose is more beneficial than a low
dose [5]. The effectiveness and safety of
desvenlafaxine in the treatment of depression
has been determined in 3 randomized, controlled
clinical studies [6-8]. Desvenlafaxine is
metabolized extensively by the liver [9]. All SNRIs
including desvenlafaxine have been linked to
abnormalities in the liver and frequent
hepatotoxicity [10]. When used in high doses,
desvenlafaxine has been linked to hepatic
enzyme elevation in some cases [11].

The liver is the primary site of drug metabolism,
including that of antidepressants. As a result, it is
critical to comprehend how a specific drug and its
metabolites affect the structure and function of
this organ [12]. Even at therapeutic doses,
antidepressants used to treat various psychiatric
disorders such as depression, schizophrenia, and
anxiety can cause hepatotoxicity. Over 160
psychotropic drugs have been linked to hepatic
side effects [13]. In a more recent study,
psychotropic drugs were found to be responsible
for 7.6% of liver disease cases in a cohort of 185
patients [14]. The fetal liver's health is critical
because it is a key hematopoietic organ. It
undergoes substantial functional and
morphological alterations at birth with the
volume and number of hepatocytes rising while
the number of hematopoietic cells decreases.
Extracellular matrix (ECM) components also
provide structural strength and attachment sites
for cell surface receptors, as well as roles in
cellular proliferation, propagation, orientation,
immune sensitivity, and tissue and organ
phenotypic plasticity [15]. Several teratogens
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(xenobiotics) have been shown to impact the
developmental processes of the fetus by
increasing oxidative stress due to a lack of
antioxidant defense during early stages of
organogenesis, resulting in severe and long-term
embryonic and fetal damage [16, 17]. Increased
amounts of free radicals (free oxygen or nitrogen
radicals) produced by the environment and/or
maternal therapy may impact the developing
organ by increasing lipid peroxidation, protein
oxidation, DNA and RNA damage [17]. Oxidative
stress is defined as a condition caused by an
imbalance between the production of reactive
oxygen species (e.g., superoxide anion, hydrogen
peroxide, and hydroxyl radicals) and the activity
of antioxidant defense systems such as
superoxide dismutases (SOD), catalase, and
glutathione [18]. Cells were found to be capable
of dealing with low doses of oxidant
stressors/reactive metabolites, but higher doses
appear to overwhelm their barrier protection
capacity and result in cell damage or death.
Thereby, it has been demonstrated that oxidative
stress can activate the mitochondrial apoptosis
pathway by upregulating BAX and
downregulating Bcl-2 [19]. In a previous study,
desvenlafaxine was administered to adult female
Swiss albino mice during gestation in the dose of
80 mg/kg body weight. Several changes were
investigated to suggest the probable role of
desvenlafaxine in causing neurodegenerative
and oxidative damage to the cerebellum of Swiss
albino mice [20].

Currently, there is no study published,
investigated the histopathological, biochemical,
and immunohistochemical effects of
desvenlafaxine on the liver of albino rat fetuses.
This study was designed firstly to investigate the
possible hepatotoxic effects on rat fetuses
through maternal exposure to desvenlafaxine in
female Wistar rats during the gestation by
investigating the histological possible toxic
effects in the fetal livers, investigating the
possible oxidative stress effects of
desvenlafaxine on lipid peroxidation
malondialdehyde (MDA) and glutathione (GSH)
levels, catalase (CAT) and SOD activities in fetal
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liver tissues, and studying the effect of
desvenlafaxine on immunohistochemical analysis
of BAX and caspase-3 protein expression in fetal
rat livers. The results of this study will provide
significant information about desvenlafaxine's
safety during pregnancy.

Materials and methods

Animals and caring

Thirty (30) mature female Wistar rats (180-200
g) and fifteen (15) male Wistar rats (180-200 g)
of 11-13 weeks were acquired from the Animal
House at Mammalian Toxicology Department,
Cairo, Egypt. All animals were acclimatized for
one week in conventional animal house
circumstances with a temperature-controlled
environment (23°C, 12-hour light-dark cycle).
Pelletized food and tap water were freely
available. The treatment of the animals followed
the standards for the use of laboratory animals.
The experiment was conducted in accordance
with the Organization for Economic Cooperation
and Development's (OECD) standards 414 for
testing chemicals and prenatal development.
Overnight, the female rats were mated with a
healthy untreated male rat. After successful
mating, the male rats were removed, but the
female rats were continuously exposed to the
treatments.

Desvenlafaxine treatment

Desvenlafaxine was purchased from Pfizer (Pfizer
Service company BVBA, Cairo, Egypt). The
animals were separated into three groups with
ten animals in each group. The control group
received distilled water orally, while the low dose
group received 5.14 mg/kg of body weight of
desvenlafaxine supplied orally, and the high dose
group received 10.28 mg/kg of body weight of
desvenlafaxine provided orally. The doses used in
this study (5.14 mg/kg and 10.28 mg/kg) were
equivalent to human levels that had been
adjusted to fit the weight of rats [21]. The
duration of drug administration was 15 days from
the 5™ day to 19" day of gestation, once a day
during gestation period. On the 20" day of
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gestation, the dams were completely
anesthetized by ethyl ether inhalation, and the
fetuses were removed individually from each
horn of the uterus. The living fetuses were
anaesthetized by ethyl ether inhalation
thereafter, and fetal livers were removed and
fixed for the following experiments. All
experimental animals were then sacrificed by
decapitation.

Histopathological examination

For light microscope examination, fetal livers of
the control and experimental groups were fixed
by immersion in 10% neutral formalin for 24
hours at room temperature. Specimens were
then dehydrated in alcohol, cleared in xylol, and
embedded in paraffin wax. Paraffin-embedded
liver tissue for each fetus was cut into 3—5-uM
sections and subjected to hematoxylin and eosin
(H&E) stain for histological study [22] by using
Leica RM2145 Microtome (Leica, Heidelberger,
Germany).

Biochemical analysis

The fetal liver tissues were homogenized (1:10
w/v) in 50 mM potassium phosphate buffer, pH
7.5 containing 0.16 mg/mL heparin to eliminate
any red blood cells and clots. The homogenate
was then centrifuged at 10,000xg for 15 minutes
at 4°C. The supernatant was collected for assay
and then stored at -80°C. Colorimetric analysis
was used to determine the protein concentration
by using Hitachi U-1100 spectrophotometer
(Hitachi, Tokyo, Japan) [23].

(1) Determination of lipid peroxidation
malondialdehyde (MDA) level:

Malondialdehyde (MDA) is a lipid peroxidation
end product that can react with thiobarbituric
acid in acidic medium to form thiobarbituric acid
reactive complex. As an index of oxidative stress,
the formation of thiobarbituric acid reactive
species (TBARS) was employed during an acid-
heating reaction. Briefly, the samples were mixed
with 1 mL of 10% trichloroacetic acid and 1 mL of
0.67% thiobarbituric acid followed by heating in
a boiling water bath for 15 min. TBARS was
determined by the absorbance at 535 nm using
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1,1,3,3-tetramethoxypropane as an external
standard [24].

(2) Determination of reduced glutathione (GSH)
content:

GSH was determined by producing a yellow
complex with a specific absorption at 412 nmina
reaction between 5,5-dithiobis-2-nitrobenzoic
acid (DTNB) and sulphydryl compounds. 0.5 mL of
tissue homogenate was mixed carefully with 0.5
mL of Trichloroacetic acid (TCA) in a test tube.
After 5 min of standing at room temperature, the
reaction was centrifuged at 3,000 rpm for 15 min.
0.5 mL of supernatant was taken and pipetted
into 1 mL of buffer and mixed with 0.1 mL of
DTNB for 5-10 min. A reagent blank was also
prepared by using 2 mL of water instead of tissue
homogenate [25].

(3) Determination of catalase activity (CAT):
CAT was measured spectrophotometrically and
was expressed in milligrams of protein per
milligram of catalase activity. The homogenate
was incubated in H;0, substrate, and the
enzymatic reaction stopped by adding 1 mL of
ammonium molybdate. The intensity of the
yellow complex formed by molybdate and H,0,
in the presence of cellular homogenates was
measured as the exponential disappearance of
H20; (10 mmol/L) at 240 nm [26].

(4) Determination of superoxide dismutase
(SOD):
SOD activity was determined by using a modified

competitive-inhibition assay that used the
xanthine/xanthine oxidase—generated
superoxide radical to reduce nitroblue

tetrazolium (NBT) at a constant rate (absorbance,
0.02/min), that was monitored at 560 nm,
spectrophotometrically. The homogenate
samples were diluted to give an inhibition
percent between 30 and 60. The working reagent
was prepared right before the experiment by
mixing 10 mL of phosphate buffer (pH 8.5), 1 mL
of NBT, and 1 mL of NADH. The standard
incubation system contained 1 mL of working
reagent and 0.1 mL of H,0. The reaction was
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initiated by adding 0.1 mL of phenazine
methosulphate [27].

Immunohistochemistry

The immunohistochemical investigations for BAX
and caspase-3 proteins were performed by the
technique of Sati, et al. [28]. Rabbit BAX and
caspase-3 antibodies were used as primary
antibodies on paraffin embedded liver tissues cut
into 4 pM thick sections. A biotinylated
secondary antibody was used, followed by
streptavidin-conjugated horse-radish
peroxidase. Because streptavidin has a high
affinity for biotin, it binds to the spot where the
primary antibody covered the background,
resulting in a brown color when a chromatogen is
added. All slides are lightly counterstained with
hematoxylin for 30s prior to dehydration and
mounting. For observation and image capturing,
an XSZ-N107 Biological microscope with a
DCM130 USB2.0 digital camera (Everich
Medicare, Nanjing, Jiangsu, China) were utilized.
Positive cells had a cytoplasmic response to the
caspase-3 and BAX antibodies. The modified
Allred scoring system was used to undertake
semi-quantitative analysis of positive-stained
tissue slices [29]. The average number of positive
cells was calculated after counting them in three
different high-power fields (hpf) (400x). To get
the final grades, the number grade of positive
cells (0-5) and the staining intensity of the
cytoplasm (0-3) were added together. The
number grades of positive cells were set as
follows: 1-less than 50 positive cells; 2-between
50 and 100 positive cells; 3-between 100 and 150
positive cells; 4-between 150 and 200 positive
cells; and 5-over 200 positive cells. The staining
intensity of positivity in the cytoplasm was
graded as follows: 1-weak, 2-moderate, and 3-
strong. A light microscope with a digital camera
and ImagePro Plus 5.1 imaging software (Media
Cybernetics, Rockville, Maryland, USA) was used
to assess the combined intensity of
immunostaining protein expressions in the liver.

Statistical analysis
IBM SPSS (version 25) (Armonk, New York, USA)
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Figure 1. Photomicrographs of transverse H&E-stained sections of fetal liver of control group (400X). CV: central vein. H: cords of polygonal

hepatocytes. S: blood sinusoids. Mg: megakaryocytes.

was used for statistical analysis. All data was
presented in the form of mean (u) * standard
errors of the means (S.E.M.). To compare more
than two groups, a one-way analysis of variance
(ANOVA) was employed, followed by Tukey's
multiple comparison post hoc analysis [30]. The
significance was determined at probability p <
0.05.

Results

Control group

The livers of control fetuses were histologically
normal. It was made up of polygonal normal
hepatocytes with coarsely granulated cytoplasm.
Hepatic cells alternated with blood sinusoids,
which converged on the central vein. Blood was
found in the hepatic cords and sinusoids.
Lymphocytes and erythroblasts were examples
of different types of blood-forming cells. Rare
megakaryocytes permeated the liver, and the
sinusoid capillary architecture was preserved
(Figure 1).

Low dose (5.14 mg/kg) group

Fetuses maternally administrated low dose of
desvenlafaxine showed some histopathological
alterations including a congested central vein
surrounded by degenerative hepatocytes and
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inflammatory cells (Figure 2a-c). The portal vein
became elongated and congested (Figure 2d).
The normal architecture pattern of the classical
lobule was disrupted. Hepatocytes showed signs
of degeneration. Blood sinusoids were dilatated.
In addition, megakaryocytes were found (Figure
2e). Hepatocytes were also seen to be enlarged,
and the cytoplasm of the cells was light, foamy,
and filled with vacuoles. Also, hemorrhagic areas
were evident among the hepatocytes (Figure 2f).

High dose (10.28 mg/kg) group

Fetuses maternally administrated high dose of
desvenlafaxine  revealed a  degree of
histopathological changes including congested
and dilated central veins which were surrounded
by degenerative hepatocytes and inflammatory
cells. Many erythroblasts were evident among
the degenerated hepatocytes. There was a
disruption of the normal architecture pattern of
classical lobule along with severe blood sinusoids
dilatation in many areas. Degeneration and
vacuolation were evident in the hepatocytes
(Figure 3a-d). The portal vein became elongated
and surrounded by many inflammatory cells. The
liver exhibited marked congestion of the portal
veins and blood sinusoids, through which blood
had escaped, producing hemorrhagic foci (Figure
3e, 3f).
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Figure 2. Photomicrographs of transverse H&E-stained sections of fetal liver of pregnant rats treated with a low dose of desvenlafaxine (5.14
mg/kg). a-c: congested central vein (CV) and leucocytic infiltration (Li). d: congested and dilated portal vein (PV). e: sinusoids dilatations (arrow)
and megakaryocyte (Mg). f: hemorrhage (He) and hepatocytes with a vacuolated cytoplasm (> ). (a, d = 100X; b, c, e, f = 400X)

Figure 3. Photomicrographs of transverse H&E-stained sections of fetal liver of pregnant rats treated with a high dose of desvenlafaxine (10.28
mg/kg). a-d: congested and dilated central vein (CV), leucocytic infiltration (Li), erythroblasts (red arrow), sinusoids dilatation (black arrow), and
vacuolations (> ). e-f: congested and dilated portal vein (PV), bile duct (BD), and hemorrhage (He). (a-d = 400X. e, f = 100X).

Oxidative stress 11.06+0.11, respectively, comparing to control
The levels of MDA that were noticeably increased group detected 0.77+ 0.16 (p < 0.05). On the
in both low dose and high dose desvenlafaxine other hand, GSH was remarkably dropped in the
treated groups were detected as 7.08+0.11 and two treated groups with low dose and high dose
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Table 1. Effects of desvenlafaxine on MDA and GSH levels, CAT and SOD activities in fetal liver tissues.

Group MDA (nmol/mL) GSH (mmol/L) CAT (U/L) SOD (U/mL)
Control 0.77+0.16 107.16+1.5 5.82%0.19 120.13+1.08
Low dose (5.14 mg/Kg) 7.08+0.112° 63.3+7.52P 2.2+0.232P 71.9649.582"
High dose (10.28mg/Kg) 11.06+0.112° 20.8+4.72° 0.64+0.192° 28.71+4.522b
F-value 1438.6 68.38 55.25 159.7
P-value C-L=0.00 C-L=0.002 C-L=0.004 C-L=0.00
C-H=0.00 C-H=0.00 C-H=0.00 C-H=0.00
L-H=0.00 L-H=0.003 L-H=0.006 L-H=0.004

Note: Each value represented as means * standard error of the mean. *Significant difference (p < 0 .05) as comparing to control. "Significant

difference between low and high treated groups. C: control group, L: low dose group, H: high dose group.

Table 2. The effect of desvenlafaxine on the immunohistochemical expression of BAX and caspase-3.

Groups BAX Score Caspase-3 Score

Control 41.67+7.35 1+1=2 47+4.9 1+1=2
Low dose (5.14 mg/kg) 163+25.9° 4+2=6 191+5.56° 5+2=7
High dose (10.28 mg/kg) 213+13.3? 5+2=7 216+9.45°2 5+3=8
F-Value 25.78 172.5
P-Value C-L=0.006 C-L=0.00

C-H =0.001 C-H=0.00

L-H=0.18 L-H =0.096

Note: Each value represented as means * standard error of the mean. *Significant difference (p < 0 .05) as comparing to control. C: control group,

L: low dose group, H: high dose group.

of desvenlafaxine to 63.3%7.5 and 20.8%4.7,
respectively, comparing to that in the normal
fetal liver tissues of control group detected
107.1611.5 (p < 0.05). The fetal liver CAT level
was significantly decreased in both low dose and
high dose groups as 2.2+0.23 and 0.64+0.19,
respectively, comparing to that in control group
detected 5.82+0.19 (p < 0.05). In addition, the
fetal hepatocyte level of SOD was significantly
decreased in both low and high dose
desvenlafaxine treated groups to 71.96+9.58 and
28.71+4.52, respectively, comparing to that in
control group detected 120.13+1.08 (p < 0.05)
(Table 1).

BAX protein expression

The immunohistochemical study showed that
BAX was expressed in normal fetal liver tissues of
the control group. The control group only had a
few cells expressing BAX (Figure 4a). The average
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number of positive cells in fetal liver tissue was
41.67+7.35. The staining intensity of fetal liver
tissues was 2. On the other hand, in the low dose
group (5.14 mg/kg), some cells of the liver
exhibited BAX moderate expression as
comparing to that in control group (Figure 4b).
The average number of positive cells in fetal liver
tissue was 163+25.9 (p < 0.05). The staining
intensity of fetal liver tissues was 6. In the high
dose group (10.28 mg/kg), a strong BAX
expression was detected in most cells of the fetal
liver tissues. Protein expression was significantly
increased comparing to that in control group (p <
0.05). The staining of BAX positive cells was
observed in the cytoplasm and nucleus (Figure
4c). The average number of positive cells in the
fetal liver tissue was 213%13.3. The staining
intensity of fetal liver tissues was 7 (Table 2).

Caspase-3 protein expression
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Figure 4. Photomicrographs of immunohistochemical reactions of BAX protein that was observed in the cytoplasm and nucleus of fetal liver tissue
(400X). a: control group. b: low dose (5.14 mg/kg) group. c: high dose (10.28 mg/kg) group.

Figure 5. Photomicrographs of immunohistochemical reactions of caspase-3 protein that was observed in the cytoplasm and nucleus fetal of liver
tissue (400X). a: control group. b: low dose (5.14 mg/kg) group. c: high dose (10.28 mg/kg) group.

The immunohistochemical results of the fetal
liver tissues of the intoxicated group revealed a
weak reaction for active caspase-3 (Figure 5a).
The average number of positive cells in fetal liver
tissue was 47+4.9. The staining intensity of fetal
liver tissues was 2. However, in the low dose
(5.14 mg/kg) group, some cells of the liver
exhibited BAX mild reaction as comparing to
control group (Figure 5b). The average number of
positive cells in maternal liver tissue was
191+45.56 (p < 0.05). The staining intensity of fetal
liver tissues was 7. In the high dose (10.28 mg/kg)
group, a strong BAX reaction was detected in
most hepatocytes (Figure 5c). The average
number of positive cells in fetal liver tissue was
21619.45, as it significantly increased comparing
to that in the control group (p < 0.05). The
staining intensity of fetal liver tissues was 8
(Table 2).
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Discussion

Psychotropic medication prescriptions for the
treatment of mental problems are becoming
more widespread. Despite concerns regarding
long-term safety and effects on the fetus, SSRIs
and SNRIs are becoming increasingly widely used
[31]. Desvenlafaxine was selected for being the
antidepressant of choice for pregnant women
who suffer from anxiety or depression [32]. The
establishment of this study was supported by the
scarcity of evidence available in the literature on
the embryotoxic and hepatotoxic consequences
of desvenlafaxine antidepressant during
pregnancy.

The liver is one of the most important organs in
the body, as it regulates various physiological
processes in the body. It is involved in a variety of
vital functions including metabolism, secretion,
and storage. It is also an excretory organ,
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necessary for the removal of wastes and toxic
products from the blood [33]. It has a high
capacity for detoxication of toxic substances,
exogenous xenobiotics, and medications [34].
Hepatocytes which constitute the majority of the
liver structure are highly active in the metabolism
of exogenous chemicals, which is one of the
primary reasons why the liver is a target for toxic
substances [35]. The liver is required for survival.
Currently, there is no way to compensate for the
apparent lack of liver function over time, though
liver dialysis can be used in the short term. The
liver is stressed when completing multiple
detoxifications, which leads to liver illnesses and
may result in liver damage, major health
problems, and death [36].

Histopathology is used extensively in
pharmacology and toxicology. The examination
of abnormal tissue may aid in determining the
cause and agents of pathological abnormalities.
Treatment with a specific toxicant, such as
chemicals or drugs, can affect not only the
microscopic structure but also the external
morphology [37]. According to the present study,
desvenlafaxine is found to cause a
histopathological effect on the liver of albino rat
fetuses. In this work, histological investigations of
tissues demonstrated several changes in the
maternal and fetal liver in all treated groups with
low and high doses. The detected changes
include dilatation in blood sinusoids, congestion
in central and portal veins, activated Kupffer
cells, a proliferation of bile ductules,
hemorrhage, and alteration of hepatic
architecture that consider evidence of cell
irritability, inflammation, and hypersensitivity to
the drug used. The accumulation of inflammatory
cells around some central and portal veins may
be due to the elimination of degenerated and
necrotic hepatocytes and the protection of other
hepatocytes. According to some authors,
inflammation is a protective response designed
to eliminate the initial cause of cell injury as well
as the necrotic cells and tissues that result from
the initial insult. It performs its protective
function by diluting, destroying, or otherwise
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neutralizing harmful agents, allowing tissue

repair to occur [38, 39].

A literature search revealed nothing significant
about desvenlafaxine administration during the
gestation period and histopathological changes
in the liver in both animal and clinical trials that
might be used to make a reasonable comparison.
Though the previous work stated that SNRIs
drugs, specifically venlafaxine and duloxetine
revealed that they are strongly linked to
hepatotoxic side effects. All these drugs cause a
unique, unpredictable, and reversible hepatic
injury. The injury can occur as soon as a few days
or as late as 6 months after the drug is
administered, and it usually ends when the drug
is stopped [40]. This was in line with several other
studies that have been made on the effect of
fluoxetine, which caused toxic effects in rats,
including hydropic degenerative changes,
karyomegaly, steatosis, lobular inflammation,
focal necrosis, apoptosis, disruption, twinning
cell plates, cholestasis, portal area inflammation,
few dead hepatocytes, congested blood vessels,
and inflammatory cells. Hepatocellular hydropic
vacuolar dysfunction was the most common
histopathological change in all exposed rats [41].
In the contrast, another research investigated
that the liver sections of fluoxetine-treated rats
revealed that the majority of hepatocytes
appeared normal, with no evident architecture
change except for a few deteriorated
hepatocytes, a little inflammatory infiltration of
leukocytes, and congested blood vessels [42]. A
previous investigation studied the effect of
antidepressant drug, trazodone HCl on the rat
neonates during the lactation period, showed
some hepatic alterations including, blood
sinusoids dilatation, pyknotic nuclei, extensive
cytoplasmic  vacuolization,  necrosis and
alteration of hepatic architecture, and
mononuclear cells invasion [43]. Another former
study on patients receiving combinations of
venlafaxine and trazodone at normal therapeutic
doses experienced fulminant hepatic failure [44].
The limited data on liver inflammatory changes
caused by antidepressants are mostly related to
SSRI  drugs. However, liver inflammation,
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including inflammatory cell infiltration and
dilated sinusoids, was observed in rats treated
with the SNRI venlafaxine as well [45].

Reactive oxygen species (ROS) play an essential
role in the onset of apoptotic processes and the
transition of mitochondrial permeability [46].
The young organ appears to have a considerably
more critical role for ROS-regulated release of
proapoptotic substances from mitochondria [47].
It's not surprising, then, that any environmental
agents, chemicals, or drugs that produce more
free radicals could harm the developing fetus by
increasing protein oxidation, DNA fragmentation,
chromatin condensation, and apoptotic cell
death, which could lead to growth retardation,
congenital anomalies, and, in the worst-case
scenario, embryonic death [17, 18, 48, 49]. When
an organ is exposed to high levels of oxidative
stress for an extended period, low molecular
weight antioxidants are depleted and enzyme
activity is reduced, resulting in oxidative stress
injuries that may cause increased apoptosis in
the fetus and long-term consequences such as
postnatal functional deficits [18, 49, 50]. In the
present study, oxidative injury is scored in the
fetal liver after maternal administration with
desvenlafaxine as the level of MDA was
remarkably elevated, while a severe reduction in
GSH, enzymatic activities of SOD and CAT content
was noticed. These findings suggested that
oxidant-antioxidant system abnormalities may
be an important mechanism by which
desvenlafaxine promotes cellular damage, and
histopathology findings corroborated these
findings. A review of the literature found no
evidence that desvenlafaxine treatment during
pregnancy causes oxidative stress in the liver in
both animal and human studies that could be
utilized to draw a valid comparison.
Nevertheless, there are a lot of evidence that
certain teratogens, such as antidepressant
medications, have been shown to impact
embryo-fetal development by raising free radical
load and oxidative stress by creating excessive
reactive oxygen species (ROS) due to
bioactivation [17]. Antidepressants and their
metabolites can cause direct liver damage by
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accumulating ROS and causing mitochondrial
dysfunction. They can also cause inflammation
and cholesterol accumulation, impairing the
structure and function of the liver [51]. The
principal sources of ROS are oxygen, hydroxyl,
and hydroperoxyl radicals, which interact with
biological molecules and contribute to the
breakdown of cellular membranes. Lipid peroxyl
and hydroperoxide radicals are the major
products of lipid peroxidation, while MDA is a
subsequent result [52]. GSH is the primary
component of non-enzymatic antioxidants and
serves as a substrate and co-substrate for
numerous antioxidant enzymes [53]. According
to a prior study, the SNRI antidepressant
medicine venlafaxine caused hepatotoxicity in
isolated rat hepatocytes by inducing oxidative
stress and consequent toxic consequences such
as GSH depletion, lipid peroxidation,
mitochondrial potential collapse, and lysosomal
membrane leakiness [54]. Another SNRI,
duloxetine, induced hepatotoxicity by inducing
oxidative stress through hydroxylated and
epoxide metabolites, which can release free
radicals or ROS [55]. In agreement with the
results of the present study, a previous study
stated that both fluoxetine and sertraline
increased MDA in the liver, although the lower
dose of imipramine decreased it. By contrast,
both fluoxetine and sertraline, as well as
imipramine, increased glutathione levels in the
liver [56]. Another study found that clozapine
increased GST activity, decreased GSH level, and
caused oxidative damage of lipids and proteins in
the rat liver [57]. In the livers of fluoxetine-
treated rats, increased total oxidant status was
seen alongside a reduction in total antioxidant
capacity [58]. Elgebaly, et al. agreed with the
present study that it found a decrease in GSH
levels as well as SOD and CAT activity, while the
level of MDA increased in rat liver due to
fluoxetine administration [59]. Another study
found that fluoxetine downregulated the activity
of superoxide dismutases and upregulated the
activity of glutathione peroxidase in the liver of
Wistar rats [60]. In rat and mouse livers, TCAs
imipramine [61] and amitriptyline [62] were
found to boost ROS generation and lipid
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oxidation. Citalopram has also been linked to an
increase in ROS generation and a reduction in
antioxidant defenses in the rat liver inducing
hepatotoxicity. In addition, risperidone-induced
hepatotoxicity in rats was found, which was
linked to oxidative stress, mitochondrial
dysfunction, and lysosome damage [63]. Another
study found that olanzapine raises hepatic GST
activity, which is most likely due to the
elimination of reactive olanzapine metabolites
[64]. In isolated hepatic mitochondria, sertraline
inhibited mitochondrial respiratory complexes by
uncoupling oxidative phosphorylation [65].
Sertraline therapy for 10 days increased lipid
peroxidation and nitric oxide (NO) generation in
the liver of mice [66]. DNA damage has recently
been discovered to have a role in sertraline-
induced liver cytotoxicity. The parental form of
sertraline was found to be the predominant
cause of liver damage in the same investigation
[67]. Mitochondria, the cell's powerhouse,
contain proapoptotic molecules that play a role
in programmed cell death (apoptosis). In general,
two major mechanisms are implicated in
apoptosis: the mitochondria-mediated intrinsic
mechanism and the death receptor—-mediated
extrinsic mechanism [68-70]. The intrinsic
mechanism is distinguished by the loss of
mitochondrial membrane potential,
mitochondrial dysfunction, and subsequent
cytochrome c discharge [71].

BAX is a proapoptotic member protein that is
implicated in the permeabilization of the
mitochondrial membrane and cytochrome c
release [72]. Antiapoptotic proteins are
suppressed by proapoptotic proteins, and the
apoptogenic factor cytochrome c is discharged
from the mitochondria into the cytosol [73]. After
that, cytochrome c triggers caspase-9, which
stimulates caspase-3, the apoptosis
"executioner," leading to cell death [74, 75]. ROS
may cause cell death via interacting directly with
the mitochondrion and/or members of the Bcl-2
family of proteins, such as BAX [76]. The
expression of BAX and caspase-3 has been shown
to be a predictor of increased apoptosis [77]. In
the present work, an immunohistochemical
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study demonstrated that both BAX and caspase-
3 proteins immunoreaction levels were
significantly increased in the fetal liver cells
gradually from normal tissues to treated ones
with two different doses of desvenlafaxine, the
highest expression was noticed in the fetal
hepatocytes of rats given the highest dose of the
drug. A search of the literature yielded nothing
significant about in-utero  Desvenlafaxine
exposure and apoptotic gene alterations in the
liver of both animal and clinical studies for valid
comparison. Even though, antidepressant effects
on hepatic mitochondrial homeostasis have
largely been studied in the instance of SSRI
fluoxetine. A previous study found that
fluoxetine administration can induce oxidative
stress, inflammation, apoptosis, and
hepatotoxicity in rats. Pro-apoptotic BAXt and
caspase-3 were upregulated whereas anti-
apoptotic Bcl-2 was downregulated in
hepatocytes [59]. Furthermore, Djordjevic, et al.
demonstrated increased DNA fragmentation, a
common event in apoptotic cells, in the liver of
fluoxetine-induced rats [60]. Another previous
study has been made on rat primary hepatocytes,
HepG2, and Hepalclc7, treatment with 50 M
sertraline elevated caspase-3 activity [71].
Several in vitro investigations have found that
several antidepressants cause apoptosis [78—80].
It is not surprising that antidepressants'
apoptotic activity eventually induced cell death in
various types of cells due to their nonspecific
mode of action [71]. The authors hypothesized
that oxidative stress caused an imbalance
between BAX and Bcl-2. ROS has been shown to
suppress Bcl-2 and initiate pro-apoptotic
mitochondrial signaling [81]. A similar finding was
reported in which ROS downregulated Bcl-2
expression but elevated box expression,
demonstrating ROS control over Bcl-2 family
protein expression [82]. Recently, it was
discovered that oxidative stress increased the
expression of box and decreased the expression
of Bcl-2 proteins in the liver of rats [83].

Conclusion
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The results of this study confirmed that
desvenlafaxine was embryotoxic to the fetuses of
pregnant rats when treated with both low and
high doses during the gestation period. The
fetuses presented several histopathological
alterations, oxidative injury, and
immunohistochemical effects in the fetal livers.
So, great caution should be taken when
prescribing desvenlafaxine during pregnancy.
Before recommending SNRIs in general, and
desvenlafaxine, more extensive research is
needed to extrapolate animal data to clinical
settings and weigh the risks and benefits to both
the fetus and the pregnant mother.
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