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Abstract:

Tacrolimus is a commonly used as an immunosuppressant, while wheat germ oil is a recently
discovered compound that is a potent antioxidant. The current study investigated the role of
Triticum Aestivum Germ Oil in influencing the intrinsic pathway of apoptosis through its effect
on the protein Bax. Forty male white mice, Mus musculus were used, divided into four sets,
each containing 10 individuals: negative control (distilled water) set, positive control set (wheat
germ oil, 1130 mg/kg), tacrolimus (0.4 mg/kg) set, and a set treated with tacrolimus and wheat
germ oil together. The animals were treated for two periods, 14 and 28 days. The findings
demonstrated that tacrolimus increases the activity of the Baxdelta2G9 (Bax protein) in
hepatocytes; however, after 14 days of treatment with two certain chemicals, the group's
immunohistochemistry activity of Bax declined. Over 28 days, the response and improvement
grew. Additionally, the group that received tacrolimus revealed an increase in Bax transcription,
whereas the group that received wheat germ oil showed a decrease in Bax gene expression.
Additionally, the improvement was noted as the experiment's duration grew. We conclude from
this that tacrolimus stimulates the activity of the intrinsic pathway of programmed cell death,
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but the use of an antioxidant, such as wheat germ oil, improves and reduces the activity of this

pathway in the liver.

Keywords: Tacrolimus, Wheat germ oil, Bax/Bcl-2 ratio, qPCR gene expression,

Hepatotoxicity

DSSY ) A e el Cgall ARIAN Ll B ) Cpaia Cu g el g S LS
Ay Ja g Ao Ao Uia AibasS Al 2 1) ) Al
" e taaa juall e sy, 'daaa daal el

o sl el 88 el o slall Ayl 2IS 3Ll gl and ™

thamer.20esp37@student.uomosul.edu.iq', baidaamohammed@uomosul.edu.ig? : =Y Jra¥)

«duadal)

O e ebme ¥l de) ) cllee & aoul 5 (3l o Alerivsall dpe i) claiiall adl (e sl 5 Gusal 5 S0 jlie 33
Y 5 oS SIS 50O Balime LS ey i g pradl) Cpia Cy ) el e Jan e J1 3 Le aSH e dilall o U
a5 sl @ sall il ela) 5 oSl dlgal) (e Qi 3 ailad coif 08y Aaadial) e dyiaall (mleal)
)yl o5 YA (e puaal 5 SUIL A ienall B ) auia el iy 31 08 0 ) s ) llad) s )
(Mus 1S3 e 158 ¢ sma )T 4l (8 wasfil e jaad) pall AN Slsalls (laii sallBel-2 s Bax s s o8

O S )) dus gall 3 ylasill de sana ¢(Lhie sle) ALl 3 laid) de gana rle gans ol ) e smusculus)
Lo el i ) e el g JSU e gana s ¢(@aS/made o, €) Gusal g SU Ao sana ((@aS/aade V VY0 Ao yas il
& Bax & Lsine L) L) e liall eluasSl il <o pelal (Lasa YA ) £) (vt ) 0yl i) guall a2
0o gPCR it i3S LS madll (i ) de sana o Jasale (mldai) aliy ¢ anel g HSUIL Alalaal) )il LS
i (il s Bel-2 e Lpail) 3dai ()l 63 Lt gl s SED ae Bax Oisod ua) w535

i gall JRTA losall Tty el 5 SO G il o34 2S5 Jadd Garal o HSUIL Alebaall de ganalls 45 )30 Bax/Bcl-2
i Qs Bel-2 @) IS (e daaly Lsla Ales malll (in Cu) i s B ¢ Baxeod e e

Al el (e (1 5 30uSO aladl) 5 ) 53 (uSay Las < Bax/Bcl-2

LA L\ PCR Ay (Al il Bax/Bel-2 A qealll (i Cuj o unal g SUY :dialital) cilall)
Introduction:

Tacrolimus as an immunosuppressive agent is utilized for transplanted organs. It is a member
of the calcineurin antagonist class, which blocks calcium-dependent processes. Since 1998, it
has been applied to liver transplants [1]. Many studies are still investigating the adverse

reactions of immune-suppressive agents, even though their use lowers the chance of organ
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rejection. The immunophilin FK506-binding protein attaches to tacrolimus, forming an intricate

structure in the process. T cells get blocked and their ability to damage cells decreases as an
outcome of this complex's inhibition of calcium-dependent processes. Therefore, antigen
presentation is prevented [2]. Numerous adverse effects, such as hepatotoxicity, compromised
defenses, diabetes, kidney disease, and heightened vulnerability to severe acute respiratory
syndrome coronavirus 2 and other immune-mediated illnesses as a result of
immunosuppression, have been documented in organ transplant recipients [3]. When this
medication is given to CD-1 mice, oxidative stress or cellular tissue degeneration is linked to
elevated blood levels of urea nitrogen, renal creatinine, and free radical production [4]. The
therapeutic index of the drug under study is narrow, and its administration, as mentioned, can
cause a large number of side effects, extending to the appearance of toxic symptoms in the
hepatocytes, cardiac muscle tissue, renal tissue, and cerebrum. However, the degree of damage
depends on the dose and duration of administration. Unfortunately, the mechanism behind
considering tacrolimus as a mediator of toxicity is still unclear and poorly understood, despite
the drug's broad research and the many theories proposed to explain its mechanism of action,
such as its metabolite-related toxicity through accelerated cell death and augmented
inflammatory conditions [5-7]. Studies have shown that tacrolimus causes pulmonary toxicity,
which is associated with morphological alterations and tissue changes such as cellular necrosis
[8,9]. Because of its relationship to the digestive system, the liver is a significant organ that is
susceptible to the harmful effects of medications, foreign substances, and other chemicals [ 10].
Cells can alter both biochemical and non-enzymatic responses to lessen the negative effects of
foreign chemicals, and they can also digest nutrients high in phytochemicals via pathways akin

to those of medications and insecticides [11].

Wheat germ oil enhances antioxidant protection by increasing lipid metabolism in the blood
and liver. Rich in vitamin E, healthy fats, and antioxidants, this oil exhibits anti-oxidative
activity and reduces DNA damage by neutralizing or balancing the increase in reactive oxygen
species (ROS). Additionally, the oil from wheat germ inhibits the synthesis of fatty acids which
promote the oxidation of lipids and aids the reactive oxygen species system through tocopherol
[12]. Several energy-dependent chemical processes make up the intricate and sophisticated
systems that regulate controlled cell death. The inherent, or mitochondrial, mechanism and the
external, or killing receptor, pathway are the two primary routes for programmed cell death.
Numerous pieces of data suggest that the two routes are interconnected and that molecules in

one pathway can influence molecules in the other [ 13 ]. Numerous non-receptor stimuli are part
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of the endogenous signaling processes that trigger cell suicide. These signals are produced

intracellularly and have an immediate impact on targets inside the cell. These are the kinds of
things that mitochondria trigger. Both positive and negative intracellular signals are produced
by the stimuli that start the intrinsic route. The lack of specific growth regulators, hormones,
and cytokines are examples of adverse signals that may end up in the initiation of suicide and
the inability of death programs to suppress it. The process of apoptosis induced by
mitochondrial dysfunction can be controlled and regulated with the help of the Bax-Bcl2 protein
family [14]. Cellular tumor antigen p53 increases gene expression of the BAX protein. The
protein in concern provides a role in death triggered by p53. Bcl2 is an apoptosis-inducing gene
that is a member of the B-cell lymphoma 2 protein group. It is the first regulator of apoptosis
found in living creatures. Bcl2-L-4 is found in the outer membrane of mitochondria, where it
inhibits the activity of death proteins and promotes cell survival. Reactive oxygen species
(ROS) and ferrocytochrome c, two crucial cell death signals, are released when these proteins,
which include BAX and BCL2 antagonist/killer (BAK), engage on the mitochondrial outer
surface to cause permeabilization. Bcl2-L-4 and its subordinate protein Bcl-XI are activated by

Bcl2, which is activated by BH3-only proteins [ 15].

The current study aims to identify the effect of treating the livers of male white mice with
tacrolimus at a concentration of 0.4 mg/kg for two periods, 14 and 28 days, on the BAX gene
that is responsible for regulating the intrinsic pathway of programmed death. Furthermore, it
aims to identify the role of Triticum aestivum germ oil in reducing the damage caused by
tacrolimus, using immunohistochemistry and molecular techniques.

2. Material and methods:

Animals used in the research

The mice used in the current study were brought from Tikrit University / Tikrit / Iraq. Their
number was 40 white male mice, Mus Musculus of suitable age. In the animal house of the
College of Veterinary Medicine at the University of Mosul in Iraq, the creatures were housed
in specialized nylon containers. They were fed the standard and prepared diet according to what
was mentioned in [16]. The environmental conditions were suitable for the living conditions of
laboratory animals and according to what was mentioned in [16]. The standard laboratory chow
consisted of approximately 20% protein, 5% fat, and 55% carbohydrate, with an energy content
of ~3.6 kcal/g. The work was carried out under the supervision of the Scientific Research Ethics

Committee of the University of Mosul, and all relevant recommendations were implemented.
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Preparation of tacrolimus and wheat germ oil for dosing:

The median lethal dose (LD50) was the primary criterion for selecting the tacrolimus (Pancea
Biotech, India) (LD50, 138 mg/kg) concentration under study, which is 2 mg /kg of body
weight. As for wheat germ oil (NOW company, USA), a 1130 mg/kg of germ wheat oil was
used and prepared according to the weight of the experimental animals based on preliminary
studies. The appropriate doses of both medications were given to the animals orally. The
volume of dose given was (1.3-1.5 ml) depending on the animal's weight. The animals in the

present research were split up into four distinct categories as indicated in tables (1 and 2) below:

Table 1: The experimental design for the first experiment is shown.

Groups Tacrolimus and Wheat Germ | Experiment | Administration Number of
QOil Dose (mg/kg) Duration Route Animals
(days)
Negative Control Distilled Water Vé Orally 10
Positive Control Wheat Germ Oil (1130 mg/kg) | )¢ Orally 10
Experimental (1) Tacrolimus (0.4 mg/kg) Vé Orally 10
Experimental (2) Tacrolimus (0.4 mg/kg) + | V¢ Orally 10
Wheat Germ Oil (1130 mg/kg)

Table 2: The experimental design for the first experiment is shown

Groups Tacrolimus and Wheat Germ Qil | Experiment Administration | Number of
Dose (mg/kg) Duration Route Animals
(days)
Negative Control | Distilled Water 28 Orally 10
Positive Control Wheat Germ Oil (1130 mg/kg) 28 Orally 10
Experimental (1) | Tacrolimus (0.4 mg/kg) 28 Orally 10
Experimental (2) | Tacrolimus (0.4 mg/kg) + Wheat | 28 Orally 10
Germ Oil (1130 mg/kg)

Detection of immunohistochemical reactivity to Bax and Bcl-2 proteins in liver tissue

BAX protein activity was detected in liver tissue and all treated groups in the current study
using the BAX Monoclonal Antibody kit (Catalog Number: E-AB-22212) manufactured by
Elabscience Bionovation Inc. The steps mentioned in the ready-made diagnostic kit were

followed with high accuracy for the purpose of detecting the aforementioned protein in the liver
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of male white mice and for all treated groups, and laboratory conditions were taken into account

in terms of temperature, humidity, and sterilization.

Numerical Microscopic Evaluation

This Numerical Microscopic Evaluation process refers to determining a degree of importance,
either low or high, or creating a numerical scale for the severity of cell reaction and the potential
for tumour growth and spread. The process is often used to measure the effect of external toxins
or physical factors on living tissues, as well as in cancer cases, based on what was approved by
the National Cancer Institute (NCI). Table (3) below was used in the study of histological

phenotypic variables [17, 18] in the liver tissue of male albino mice in the current study.

Table (3): Digital Microscopic Evaluation Adopted in the Current Study

Studied 0+ 1+ 2+ 3+ 4+
Protein
Bax Negative (-) | Weak (+) | Positive (t) | Strong  Positive | Very  Strong
(Tsamandas et | 0 cell/ | 1-5 cells/ | 6-15 cells/ | (++): Positive (+++):
al., 2022) microscopic | microscopic microscopic 16-30 cells/ | More than 30
field field field microscopic field | cells/
microscopic
field
Bcel2 Negative (-) | Weak (£) | Positive (+) | Strong  Positive | Very  Strong
(Qian et al, |0 cell/ | 1-7 cells/ | 8-20 cells/ | (+1+): Positive (+++):
2022) microscopic | microscopic microscopic 21-50 cells/ | More than 50
field field field microscopic field | cells/
microscopic
field

Estimation of gene expression of genes encoding BAX and Bcl2 proteins in the liver of

male albino mice for periods of 14 and 28 days

Quantitative real-time PCR (qPCR) was performed using a Step-One-Plus™ Real-Time PCR
System (Applied Biosystems, USA) with the TransStar® Top Green qPCR Super-Mix Kit.
The amplification reactions were carried out in a 20 pL. volume containing 10 puL of 2x Super-
Mix, 1 puL of each forward and reverse primer, variable cDNA template, and nuclease-free
water. Each sample was analyzed in triplicate to ensure reproducibility. The thermal cycling

conditions included an initial denaturation at 94°C for 30 seconds, followed by 45 cycles of
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denaturation at 94°C for 5 seconds, annealing at 60°C for 30 seconds, and extension. Melting

curve analysis was performed to confirm amplification specificity. Relative gene expression
levels of Bax and Bel-2 were calculated using the 2*—~AACt method, with B-actin serving as

the internal housekeeping gene (Table 4).

Table 4: Primers used in the amplification of Bax and bcl2 genes by qPCR

Primer name | Primer sequence 5’ — 3’ Reference

Bax-F GGGACGAACTGGACAGTAACAT | Kandeil, M. A., Hassanin, K. M., Mohammed, E. T.,

Bax-R GGAGTCTCACCCAACCACCCT Safwat, G. M., & Mohamed, D. S. (2018). Wheat
germ and vitamin E decrease BAX/BCL-2 ratio in rat

Bact-F ATGAGCCCCAGCCTTCTCCAT . . L .
kidney treated with gentamicin. Beni-Suef

Bact-R CCAGCCGAGCCACATCGCTC University journal of basic and applied sciences,

7(3), 257-262

The components of the amplification mixture for each gene are described in Table (5) , and the

qPCR conditions used to amplify the target genes are listed in

Table (5): Reaction components of qPCR

Components Volume (pl)
Cdna Variable
Forward primer 1

Reverse primer 1

2x TransStar® Top Green qPCR SuperMix 10
RNase-free Water Up to 20

Table (6): Bax and bcl2 gene transcription is estimated using qPCR settings. Using the

2—AACT technique, the relative expression levels of bax and bcl2 were determined.

High Temperature

Step No. of repetitions oC Period of work
initial strand separation". 0:30 sec
unwinding of DNA 0:5 sec
primer hybridization and DNA

0:Y+ sec

synthesis

1 94

94

.
¢o
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Statistical Data Analysis

The statistical procedure to assess significant differences between the mean values of digital
microscopic assessment across the experimental groups, immunohistochemistry analyses were
conducted using SPSS software version 22.0. P < 0.01 was taken into consideration as the
significance level. A post hoc analysis was performed after a single-factor ANOVA was used
to assess the data. To find statistically significant differences between groups at the designated
probability level, Duncan's Multiple Range Test was utilized. Regarding qPcr, GraphPad Prism

version 10/USA was used for all statistical analysis.
3. Results:

Light microscopic examination of sections of the two groups of livers treated with distilled
water (negative control group) and wheat germ oil (positive control group) for 14 days showed
a negative reaction (-) in most of the tissue components of the liver (Figures 1, 2). Microscopic
examination of liver sections of male albino mice treated with 0.4 mg/kg body weight of
tacrolimus showed strong positive (+++) reaction to the antibodies of BAX protein in the
cytoplasm of hepatocytes, which appeared as a dark golden color in the cytoplasm of the cells
above, (Figure 3 ).The results also showed a more intense positive reaction (++) from the
cytoplasm of hepatocytes from the livers treated the same concentration of tacrolimus (0.4)

mg/kg and wheat germ oil towards antibodies to the BAX protein (Figure 4) .

¥ :. P F: e - = ' —_— - a » ; Q = ‘.;*"; > > <
o - = o Paa™ = & v 2 = B B e
” e ® e e LS . o 3 -
B e “'-.‘ S N B - hé “-“:-,\; = _~.-"b--' - ‘.%
B it e S A e X |
ﬁo% - Lo a ;“‘3 ’f-f. S = < = \d‘.—"’-‘s
B < o a SR = G (AN
& R - R e Sl T S ST - R,
< oy ;- -~ - s - S S
- - > - - -, & - ~ S| a s
R T e e RS o W TR PR
Figure 1: Liver of mice from the 14th day of the Figure 2: Liver of mice from the 14th day of the
experiment, Distiled water (negative contol group) experiment, oil group (positive control group).
group. Negative reaction is shown in the liver Negative reaction is shown in the liver tissue. BAX
tissue. BAX immunohistochemistry. immunohistochemistry. Magnification 400x.
Magnification 400x.

Figure 3: Transverse histological section of the
liver of a male albino mouse from the second

Figure 4: Transverse histological section of the liver
of a male albino mouse from the second treatment
group with wheat germ oil for 14 days. The positive
(+) reaction (black arrow) appears as a dark golden
color in the cytoplasm. BAX
immunohistochemistry. Magnification x400.

treatment group over 14 days. It shows a very
strong positive reaction (+++) (black arrow) that
appeared as a dark gold stain in the cytoplasm.
BAX immunohistochemistry. Magnification
%400
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It was noted through histological reading using a light microscope of liver sections of mice
from the negative and positive control groups for 28 days that there was no histological immune
response (negative response - ) of the components of the liver tissue towards antibodies of the
BAX protein (Figures 5, 6).While the liver sections treated with tacrolimus at a concentration
of (0.4) mg/kg of body weight showed a very strong positive reaction (+++) in the cytoplasm
of the liver cells, which confirms the effect of the drug in increasing the gene expression of this
protein through the excessive production of the protein, which was stained with a dark golden
brown color in the cytoplasm of the liver cells (Figures V).The results also showed a more
intense positive reaction (++) from the cytoplasm of hepatocytes from the livers treated with
a concentration of tacrolimus (0.4) for 28 days mg/kg and wheat germ oil towards antibodies

to the BAX protein (Figure 8).
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Figure 6: Liver of mice from the second set of
the study, oil group. Demonstrating a negative
reaction in liver tissue. BAX
immunohistochemistry. Magnification 400%.

Figure 5: Liver of mice from the second period of
the study, negative control set. Demonstrating a
negative reaction in liver tissue. BAX

Figure 7: Transverse histological section of the
liver of a male albino mouse from the second
treatment group over 28 days. It shows a diffuse,
strongly positive (+++) reaction (black arrow) that
appears as a dark gold stain in the cytoplasm.
BAX immunohistochemistry. Magnification x400.

Figure 8: Transverse histological section of the
liver of a male albino mouse from the second
treatment group with whaeat germ oil for 28
days. The positive (+) reaction (black arrow)

appears as a dark golden color in the cytoplasm

BAXimmunohistochemistry. Magnification x400.

The number of reactive hepatocyte cells in the group treated with a concentration of (0.4) mg/kg
of tacrolimus for the periods of 14 and 28 days of dosing was considerably greater at the
probability level of 0.01>P, according to the results of the digital microscopic evaluation, as

indicated in Table (6).
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Table (6): Digital Microscopic Evaluation of the Effect of Wheat Germ Oil on the Number
of Hepatic Cells Reacting with BAX Protein Antibodies

Group Treatment (mg/kg) 14 Days 28 Days
Control Distilled water 0.10£0.02E 0.11+0.01 E
Wheat Germ Oil 1130 0.11+0.01 E 0.11+£0.04 E
Tacrolimus 0.4 351+£0.11 A 390+£036 A
Tacrolimus + Wheat | 0.4 + 1130 247+024B 2.93+0.27B
Germ Oil

Different vertical letters mean significant differences at a probability level of P<0.01

Immunohistochemical staining for Bcl-2 protein revealed a weak or negative reaction in liver
sections of mice treated with tacrolimus alone, indicating suppression of the anti-apoptotic
pathway. In contrast, the wheat germ oil group showed stronger Bcl-2 reactivity, and the
combined tacrolimus + wheat germ oil group exhibited moderate expression, suggesting a

partial protective effect of the oil in restoring Bcl-2 activity.
Transcription and Translation of the Apoptosis Regulator Bax in the Liver Cells

The findings demonstrated that the livers of male albino rats had higher levels of the BAX gene,
which in turn led to higher levels of BAX protein transcription in the group of animals that
received wheat germ oil treatment (positive control). In comparison with the untreated and
wheat germ oil-treated groups, the tacrolimus-treated group exhibited a greater gene production
rate for this protein at the selected dose. Over the period of 14 days, the transcription and
translation of the indicated gene were lower in the group treated with the researched drug alone,
greater in the group treated with wheat germ oil and the selected medication than in the negative
control group. In contrast to the negative control group, findings for the same treatments
described above, but for 28 days, revealed a slight decrease in the liver's expression of the
mentioned gene. Comparing the group treated with tacrolimus at the examined dose to the
negative control group, findings similarly revealed a major rise in the translation and
transcription rate of the studied gene (Figure 9). The rate of activity was comparable to that of

the unaltered group (Figure 10).
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After 14 days

4_
Il control
2 Bl Bax O
B BaxT
0_

control BaxO BaxT BaxTO

Gene fold

Figure 9: The gene expression of the Bax gene using q PCR technique is shown for all studied
treatments. Control means the distilled water group, Bax O : wheat germ oil group, Bax T:

tacrolimus group (0.4mg/kg), and Bax TO: Tacrolimus wheat germ oil group.Period of

treatment: 14 days .

After 28 days

4_
3_

N control
24 Bl Bax O
14 B BaxT
6 Hl Bax TO

control BaxO BaxT BaxTO

Gene fold

Figure 10: The gene expression of the Bax gene using q PCR technique is shown for all studied
treatments. Control means the distilled water group, Bax O: wheat germ oil group, Bax T:

tacrolimus group (0.4mg/kg), and Bax TO: Tacrolimus wheat germ oil group.Period of

treatment: 28 days.

To better evaluate the balance between pro-apoptotic and anti-apoptotic signaling, the Bax/Bel-
2 ratio was calculated from qPCR data. Tacrolimus treatment significantly increased the
Bax/Bcl-2 ratio compared with the control (P < 0.01), reflecting a shift towards apoptosis.

Conversely, wheat germ oil markedly reduced this ratio, and in the tacrolimus + wheat germ
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oil group, the ratio approached values closer to the control, indicating a protective modulation

of apoptotic signaling by the antioxidant oil.

4. Discussion

Previous results showed that there is a positive response of the cytoplasm of hepatocytes to
antibodies to the BAX protein in livers treated with tacrolimus (0.4 mg/kg) at the selected
concentration and periods. The aforementioned results were consistent with what was stated by
[19], who reported that livers treated with moderate concentrations of tacrolimus cause an
increase in the production of the aforementioned protein. Current scientific findings are similar
to what was mentioned by [20], that immunosuppressants, including the drug under study, when
used for therapeutic purposes in living cells, including human liver cells, stimulate cell death
and thus incite the occurrence of cell inflammation. Tacrolimus has side effects, including
neurotoxicity, liver toxicity, and kidney toxicity, in addition to its induction of programmed cell

death. The researchers identified this by using the TUNL test to detect this phenomenon.

These results are in line with recent research since the medication binds to molecules of protein
phosphatase 2B (PP2B), which is involved in PIP catabolism, phosphotransferase activity, and
cell protein synthesis [21]. This drug causes or can cause the production of types of free radicals,
including OH radicals, O-", and dihydrogen dioxide, and induces or stimulates programmed cell
death, which in turn is due to the impairment of the functions of both mitochondrial and T cell
functions [22]. The current results in terms of the drug’s induction of programmed death are
similar to what was mentioned by [23], and somewhat inconsistent with [24], who reported that
immunosuppressants, when used in in vitro studies of human cells, inhibit the construction of
hydrolyzed collagen without affecting the gene expression of collagen mRNAs, at a rate of 2
mg/kg. The present findings support [25], who demonstrated how the selected medication raises
the production of the Caspase 3 protein in white rats. The data presented above showed that
wheat germ oil had a beneficial effect on boosting Bax activity, the main suicide initiator. As
the length of treatment against tacrolimus-induced damage grew, so did the severity of the
response. The current results do not agree with [26], who showed that combining wheat germ
oil with fluoxetine caused a negative cytoplasmic response to BAX protein in rat testicular
tissue. This might be because of the oil's high vitamin E concentration, which strengthens its
defenses against fluoxetine-induced apoptosis. Because wheat germ oil has anti-apoptotic

characteristics, it plays a crucial part in the current investigation [27].
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The scientific outcomes of the current study are similar to [28]. By regulating redox imbalance,
apoptosis, swelling, and detrimental apoptotic pathways, the oil protected against kidney and
liver failure at the physiological and cellular levels. Elainic, omega-6, and omega-3 fatty acids
in wheat germ oil contribute to its beneficial impacts by promoting tocopherol-mediated
antioxidant mechanisms and inhibiting eicosanoid synthesis, thereby reducing lipid
peroxidation, inflammation, and apoptosis [29]. By decreasing the translation and transcription
of genes that trigger cell death in rats exposed to toxins, one study demonstrated the anti-pro-

apoptotic action of wheat germ oil [30].

The recent findings showed an increase in Bax transcription in livers treated with tacrolimus
and a decrease in its activity in the tacrolimus + wheat germ oil group. This is consistent with
[31], who showed that tacrolimus injections increased BAX expression in the hippocampus,
and inflammation further enhanced this activity. Excessive ROS accumulation was highlighted
by [32] as a key inducer of apoptosis via DNA damage, while [33] indicated that oxidative

stress impairs cellular homeostasis.

The results of the current study, showing suppressed Bax expression with wheat germ oil, align
with [34], who found that Nargencin A inhibited apoptosis proteins induced by tacrolimus. This
is also consistent with [35], who reported that antioxidant phenolics such as those in green tea
reduce tacrolimus toxicity. Similarly, [36] showed wheat germ oil has strong anti-apoptotic
effects by regulating BAX and BCL2 gene expression in kidney cells. Finally, other authors
emphasized wheat germ oil’s richness in tocopherol and polyunsaturated fatty acids, reinforcing

its protective roles [37,38].

5. Conclusions

Based on the latest study's achievements, we draw the conclusion that excessive levels of
immunosuppressants harm hepatic cells' microcellular pathways and promote programmed
death by raising the activity of the protein that triggers programmed death via the intrinsic
pathway Bax. However, the recent study demonstrated that certain plant items with antioxidant

activity, such as wheat germ oil, can reverse the detrimental effect of this medicine.
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