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ABSTRACT

Lead is a highly toxic heavy metal and an environmental pollutant. Lead exposure causes damage and
dysfunctions in organs. In tissues exposed to lead, ROS increase, resulting in oxidative stress, inflammation
and apoptosis. In this study, we aimed to investigate the protective effects of Borago officinalis (BO) against
lead, whose toxic effects are well-established. In this study, 40 Sprague-Dawley rats were used. The rats were
randomly divided into 5 groups. The groups were determined as control, BO100, Pb (20 mg/kg), Pb+B0O50
and Pb+B0100. After the experimental procedures were completed, the tissues were transported in cold
chain and stored in -80 deep freezer until the experiments were performed. Keap-1 level was determined in
spleen tissue using Western blot method. At the same time, IL-1f, IL-10, NF-kB, Bax, Bcl-2, Caspase-3 levels
were determined by RT-PCR method. BO administration stimulated Keap-1 level in relation to oxidative
stress. While BO suppressed IL-1f3 and NF-xB levels, it stimulated IL-10 level, which are anti-inflammatory
markers. BO also suppressed Bax and Kaspas-3 levels, while significantly stimulating Bcl-2 level. With these
effects, it was observed that BO had anti-oxidant, anti-inflammatory, anti-apoptotic effects in the spleen tissue
of rats treated with lead acetate.

Keywords: Apoptosis, Borago officinalis, Inflammation, Lead acetate, Oxidative stress.

0z

Ratlarda Kursun Asetat ile iIndiiklenen Dalak Toksisitesine Kars1i Borago
officinalis'in Bax/Bcl-2 /Kaspaz-3 yolaklar iizerine Etkisinin incelenmesi

Kursun oldukea toksik bir agir metal olup ve ¢evresel bir kirleticidir. Kursun maruziyeti organlarda hasara ve
fonksiyon bozukluklarina neden olmaktadir. Kursuna maruz kalan dokularda ROS artis1 buna bagl, oksidatif
stres, inflamasyon ve apoptosis sekillenmektedir. Biz bu ¢alismada etkileri bilinen kursuna karsi Borago
officinalis (BO)'nun koruyucu etkilerini arastirmay1 amagladik. Bu ¢alismada, 40 adet Sprague- Dawley cinsi
ratlar kullanildi. Ratlar rastgele 5 gruba ayrildi. Gruplar kontrol, BO100, Pb (20 mg/kg), Pb+BO50 ve
Pb+B0100 olarak belirlendi. Deney uygulamalar: tamamlandiktan sonra, dokular soguk zincirde tasinarak,
deneylerin yapilincaya kadar -80 derin dondurucuda saklandi. Dalak dokusunda Western Blot yontemi
kullanilarak Keap-1 diizeyi belirlendi. Ayni zamanda RT-PCR yontemi kullanilarak IL-1(3, IL-10, NF-kB, Bax,
Bcl-2, Kaspaz-3 diizeyleri belirlendi. BO uygulamasi oksidatif stresle ilgili olarak Keap-1 diizeyini uyardi. BO,
IL-1B ve NF-xB diizeyini baskilarken, anti-inflamatuar markirlar olan IL-10 diizeyini uyardig: belirlendi. BO
ayn1 zamanda Bax ve Kaspas-3 seviyesini baskilarken, Bcl-2 seviyesini 6nemli 6l¢ciide uyarmaktadir. BO bu
etkileriyle kursun asetat uygulanan ratlarin dalak dokusunda anti-oksidan, anti-inflamatuar, anti-apoptotik
etkilere sahip oldugu goézlendi.

Anahtar Kelimeler: Apoptosis, Boragoofficinalis, Inflamasyon, Kursun asetat, Oksidatif stres.

INTRODUCTION

The spleen is the second largest lymphoid organ in the
body. As such, it performs many important functions, such
as hematopoiesis and the purification of red blood cells.
Due to its structure, the spleen plays a role in purifying the

blood of pathogens and abnormal cells. The antigen-
presenting cells (APCs) it contains regulate the response of
B and T lymphocytes (Lewis et al. 2019).

Lead is a naturally occurring metal found widely in the
environment (Gupta 2018; Munir et al. 2022). Lead
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exposure can cause both serious environmental pollution
and health problems in humans. Sources of lead exposure
range from food, air, soil, drinking water, industrial
emissions, e-waste, plant products and domestic sources
(Wang et al. 2002; Liu et al. 2013; Frank et al. 2019;
Obeng-Gyasi et al. 2021).

After lead exposure, lead absorbed from the body passes
into the blood and is distributed to all tissues and cells.
Body tissues and cells are sensitive to lead exposure. Lead
taken into the body is highly toxic for many cell types
(Harshitha et al. 2024). Lead is also recognized as an
enzymatic  toxicant, nephrotoxic, neurotoxic and
immunotoxic agent. Lead exposure causes serious damage
to the spleen tissue. Since the spleen alone contains % of
mammalian lymphocytes, it is considered the second
largest organ of the immune system (Cesta 2006). The
spleen is a storage point for immune cells and a critical
tissue for immune response activation and peripheral
haematopoesis. It also acts as a filter for physiologically
expired erythrocytes (Lewis et al. 2019). Target cells of
lead exposure in spleen tissue are T cells and
macrophages. Lead exposure causes problems in the
functions of lymphocytes in the production of cytokines
and immunoglobulins. Oxidative stress is formed in cells
exposed to lead and causes imbalances between the
production of free radicals and the antioxidant defence
system. A study has shown that lead exposure induces
oxidative stress in rats by depleting antioxidant enzymes
and increasing ROS production (Dkhil et al. 2016). Nrf-2
regulates cellular responses to oxidative stress. Nrf-2 is
bound by Keap-1 and remains inactive. However, while
oxidative stress formed in the cell suppresses the level of
Keap-1, Nrf-2 and subsequently triggers the antioxidant
defence mechanism (Jiang etal. 2021).

Increased intracellular ROS and decreased antioxidant
defence system lead to stimulation of lipid peroxidation in
cellular components, especially phospholipids. Different
inflammatory signalling pathways are triggered by this
process. Humoral and cell-associated immune activities,
inflammation, autoimmune reactions, susceptibility and
disease resistance can be influenced by this inflammatory
signalling. In the defence of the organism against an
infection, many different cell types try to manage the
process with complex mechanisms. Cytokines are involved
in the control of this complex process. Pro-inflammatory
cytokines potentiate the immune response, while anti-
inflammatory cytokines suppress the immune response.
These two different types of cytokines control the immune
response occurring in tissues (Harshitha et al. 2024).

Apoptosis is the most fundamental pathway of cell death in
the body. The regulation of apoptosis is highly complex
and many molecules are involved in this process. When
cells receive these signaling stimuli, they initiate
regulatory procedures corresponding to these stimuli.
Proapoptotic proteins and anti-apoptotic proteins control
the occurrence of apoptosis in the cell by regulating the
permeability of the mitochondrial membrane. The caspase
family in the cell can direct the cell to apoptosis in
response to incoming stimuli. Especially caspase-3 is
effective and triggers apoptosis by acting on protein
substrates (Li et al. 2022).

Borago officinalis linoleic acid (35-38%), oleic acid (16-
20%), palmitic acid (10-11%), stearic acid (3.5-4.5%),
eicosenoic acid (3.5-5.5%), and erucic acid (1.5-3.5%)
(Asadi-Samani et al. 2014). Borago officinalis L., a plant
with high medicinal and nutritional value and numerous
applications, is also known as starflower and
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Boraginaceae. According to the results of some studies, it
can be used as a supportive treatment in diabetic
neuropathy, respiratory, urinary and skin disorders as
well as cardiovascular and inflammatory diseases
(Shannon and Graef 1992; Ruff et al. 1996). The plant
material from which borage oil is obtained is grass
(Boraginisherba) and seeds (Boraginis semen) Due to its
high gamma-linolenic acid (GLA) content, the oil is
valuable as a food and pharmaceutical raw material (Ruff
et al. 1996). Phytochemical analyses showed that borage
contains carbohydrates, fatty acids, phytosteroids,
polyphenols  (including vanillic, p-coumaric, p-
hydroxybenzoic, gentisic, caffeic, sinapic, rosmarinic and
chlorogenic acids, quercetin, isoramnetin and kaempferol),
tannins, saponins, mucus compounds, organic acids
(ascorbic, malic, citric, acetic and lactic acid), tocopherols,
alantoin, mineral salts and vitamins, as well as essential oil
(Pieszak et al. 2012; Karimi et al. 2018). Due to its active
ingredient content, B. officinalis plant extract can be used
in topical skin products with antioxidant, anti-
inflammatory, anti-ageing, UV-protective, soothing or
emollient effects (Asadi-Samani et al. 2014).

This study aimed to determine the anti-oxidant, anti-
inflammatory and anti-apoptotic effects of Borago
officinalis against spleen damage induced by lead acetate
in rats.

MATERIAL AND METHODS

This study was approved by Atatiirk University
Experimental Animals Local Ethics Committee (HADYEK
Decision No: 2025/59). All animal procedures were
performed at Atatiirk University Medical Experimental
Application and Research Centre.

Chemicals

PbAc (Cas No: 6080-56-4) and borage oil (Borago
officinalis) were purchased commerecially.

Animals and Groups

In our study, 40 male adult Spraque Dawley rats weighing
220-250 grams at the age of 12 weeks were used. Animals
were subjected to a 5-day adaptation period before the
experiment. The rooms where the rats were maintained
were set as 12 hours light and 12 hours dark cycle. The
temperature (21+3 °C) and humidity (40-50%) were
adjusted in the rooms where the rats were maintained.
Rats had unrestricted access to water or food throughout
the study.

All rats in the experimental group were randomly divided
into 5 different groups with 8 animals in each group. The
groups were arranged as Control, BO100, Pb, Pb+B050,
Pb+B0100.

1. 1 ml distilled water was given to the control group for
14 days.

B0100 group received Borage officinalis (i.g) at a dose of
100 mg/kg for 14 days.

3. Pb group received Pb intraperitoneally (i.p) at a dose of
20 mg/kg for 7 days.

4. Pb+B0O50 group received lead acetate at a dose of 20
mg/kg for 7 days and Borage officinalis at a dose of 50
mg/kg i.g. for 14 days.

5. 20 mg/kg dose of lead acetate was administered to
Pb+B0100 group for 7 days and 100 mg/kg dose of Borage
officinalis was administered i.g. for 14 days.

The doses of lead acetate and Borage officinalis used in the
studies were determined from the literature
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(Ghahremanitamadon et al. 2014; Khattab et al. 2017; Al-
Megrin et al. 2019).

Sample Collection

Animals were decapitated 24 hours after the last
application under moderate sevoflurane anaesthesia.
Spleen tissues were carefully removed and placed in liquid
nitrogen. They were kept at -80 °C until molecular and
western blot analyses were performed.

Table 1: Primer Sequences.

Gene Expression Analyses

QI Azol Lysis Reagent was used for total RNA isolation
from spleen tissues of rats in all groups and the
manufacturer's procedures were strictly followed. Total
RNA concentrations were determined using a Nano Drop
(Bio Tek Epoch) device. The iScript cDNA Synthesis Kit
(Bio-Rad) was used to obtain cDNA from total RNA
according to the manufacturer's instructions.

Sequences (5'-3') Length (bp)

Gene Accession No
Bax-F
NM_017059.2
Bax-R
Bcl-2-F
NM_016993.2
Bcl-2-R
Caspase-3-F
NM_012922.2
Caspase-3-R
NF-kB -F
NM_001276711.2
NF-kB -R
IL-1B-F
NM_031512.2
IL-18-R
IL-10-F
NM_012854.2
IL-10-R
B-Actin-F
. NM_031144.3
B-Actin-R

TTTCATCCAGGATCGAGCAG-3’

AATCATCCTCTGCAGCTCCA-3’ 154
GACTTTGCAGAGATGTCCAG-3’ 914
TCAGGTACTCAGTCATCCAC-3’
ACTGGAATGTCAGCTCGCAA-3’ 270
GCAGTAGTCGCCTCTGAAGA-3’
AGTCCCGCCCCTTCTAAAAC-3’ 106
CAATGGCCTCTGTGTAGCCC-3’
ATGGCAACTGTCCCTGAACT 197
AGTGACACTGCCTTCCTGAA
GCCTTCAGTCAAGTGAAGAC 149
GGCATCACTTCTACCAGGTA
CAGCCTTCCTTCTTGGGTATG 360

AGCTCAGTAACAGTCCGCCT

Primer sequences of the genes shown in Table 1 were
reacted with iTaq Universal SYBR Green Supermix (BIO-
RAD) kit according to the manufacturer's instructions.
mRNA transcription levels were determined by Rotor-
Gene Q (Qiagen). CT values given by the device were
normalised to 3-Actin using the 2-2ACT method.

Western Blot Analysis

The spleen tissue samples were crushed with liquid
nitrogen in a mortar and pestle and powdered. The
powdered samples were homogenised in RIPA buffer and
centrifuged at 16000 G for 20 min. Protein levels were
determined from the supernatants obtained after
centrifugation by protein BCA analysis kit. Protein samples
were prepared in Laemmli buffer (Tris-HCl pH 6.8,
glycerol, bromophenol blue, sodium dodeacyl sulphate, 2-
mercaptoethanol) and the same volume of protein samples
were subjected to 10% sodium dodeacyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE). The
samples were then transferred to nitrocellulose
membranes. The membranes were washed and kept in 5%
bovine albumin serum for 1 hour. B-Actin (sc-47778) and
Keap-1 (sc-365626) primary antibodies were Kkept
overnight at +4 degrees Celsius. Then, the secondary
antibody was washed again and incubated at 37 °C for 90
min. Densitometric analysis was performed at least 3 times

using Biorat Vlarity Max ECL substrate in Image Lab
programme to visualise the bands formed on the
membrane (Kandemir et al. 2020; Simsek et al. 2024).

Statistical Analysis

All data obtained were analysed using IBM SPSS software.
Data were presented as meanzstandard deviation and
Tukey post hoc tests and one-way analysis of variance
(ANOVA) were used for multiple comparisons. Statistical
difference was determined at p<0.05, p<0.01 and p<0.001
levels.

RESULTS

Effects of Borago officinalis on Keap-1 Protein Level in
Lead Acetate-Induced Spleen Injury

Keap-1 protein levels were determined using WB method
to better understand oxidative stress levels. Keap-1
protein level was significantly higher in the BO100 group
compared to the control group (p<0.05). Keap-1 protein
levels obtained from Pb and Pb+B0O50 groups were quite
close to each other, however; there was a statistical
difference between them and the control (p<0.001). The
results obtained from the Pb+B0100 group were
statistically different from the Pb group, but still
statistically different from the control (p<0.01, Figure 1).
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Figure 1: Effects of Pb and BO administrations on Keap-1 protein levels in spleen tissue of rats. Values are given as

mean * SD. *p<0.05, "p<0.01, "*p<0.001.

Effects of Borago officinalis on IL-1f, IL-10 and NF-xB
Inflammatory Gene Expression Levels in Spleen Injury
Induced by Lead Acetate

IL-1B3, IL-10 and NF-kB mRNA transcript levels were
determined in spleen tissues of rats exposed to lead
acetate. In the spleen tissue, IL-1f level and transcription
factor NF-kB, which are among the pro-inflammatory
cytokines, were significantly increased in the lead-exposed
groups compared to the control, while anti-inflammatory
IL-10 level was significantly decreased (p<0.001).
Although IL-18 and NF-kB levels in the spleen tissue of the
Pb+B050 groups were lower than in the Pb-treated group
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(p<0.01), this decrease was stronger in the Pb+B0100
groups and the statistical difference between them and the
control was reduced to the lowest level (p<0.05, Figure 2).

Among the anti-inflammatory cytokines, IL-10 level was
higher in the Pb+B0O50 group compared to the Pb group
(p<0.01), this value was much higher in the Pb+B0100
group and there was little statistical difference between
them and the control group (p<0.05). IL-1(, IL-10 and NF-
kB mRNA transcript levels in the control and BO100
groups were very close to each other and there was no
statistical difference between them (p>0.05).
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Figure 2: Spleen tissue IL-1f, IL-10, NF-xB, relative mRNA transcript levels after Pb and BO applications to rats. Statistical
significance; Control and others: *p<0.05, **p<0.01, ***p<0.001.
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Effects of Borago officinalis on Bax, Bcl-2 and Caspase-
3 Apoptotic Gene Expression Levels in Spleen Injury
Induced by Lead Acetate

Bax, Bcl-2 and Caspase-3 mRNA transcript levels were
determined in spleen tissues of rats exposed to lead
acetate. Bax and Caspase-3 levels, which are among the
apoptotic markers, were significantly higher in Pb treated
groups compared to the control (p<0.001). When Bax and

Caspase-3 levels obtained from Pb+B0O50 treated groups
were compared with the control, it was observed that
there was still a statistical difference between them
(p<0.01). Bax and Caspase-3 levels in the spleen tissue of
the Pb+B0100 treated groups were much lower than the
Pb group and the statistical difference between them and
the control was very low (p<0.05, Figure 3).
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Figure 3: Spleen tissue Bax, Bcl-2, Caspase-3, relative mRNA transcript levels after Pb and BO applications to rats. Statistical

significance; Control and others: *p<0.05, **p<0.01, ***p<0.001.

When the Bcl-2 levels obtained from the Pb treated groups
were compared with the control, it was determined that
there was a statistically significant difference between
them (p<0.001). It was observed that the anti-
inflammatory Bcl-2 level was higher in the Pb+B050 group
than in the Pb group, but there was a statistically high
difference between them and the control (p<0.01). Bcl-2
levels obtained from the Pb+B0100 groups were
significantly higher than the Pb group, but there was still a
statistical difference between them and the control group
(p<0.05). Bax, Bcl-2 and Caspase-3 levels obtained from
control and BO100 groups were very close to each other
and there was no statistical difference between them
(p>0.05).

DISCUSSION AND CONCLUSION

Lead acetate has very high toxic properties and causes
many pathologies in humans and animals (Abdelhamid et
al. 2020). Lead acetate-induced toxicities are becoming
quite common in the world with increasing
industrialization (Abubakar et al. 2019). Plant-based
solutions to these conditions may be promising and there
is an increasing number of studies on this subject
(Kucukler et al. 2021). Borago officinalis contains a
significant amount of fatty acids. Gamma linoleic acid
(GLA) is present in high amounts, as well as linoleic acid,
stachydonic acid, phenolic acids, and flavonoids. Of these
substances, gamma linoleic acid, in particular, is formed in
the small intestine after oral intake. Its bioavailability in
the phospholipid or triglyceride form is quite high
compared to free fatty acids. Peak plasma levels are
reached 1 to 3 hours after ingestion. Gamma linoleic acid is
metabolized by elongase to dihomo-y-linolenic acid
(DGLA). DGLA, in turn, is converted to PGE1, which is

crucial in this anti-inflammatory process. Once its function
is completed in the body, GLA is eliminated from the body
through beta-oxidation. Borago officinalis, which has
particularly potent antioxidant and anti-inflammatory
properties, is thought to exert these effects through GLA.
Of course, other active ingredients may also contribute to
these effects. (Monari et al. 2025). Officinalis, also known
as borage oil, has strong antioxidant, antiapoptotic and
anti-inflammatory properties (Lukivskaya et al. 2012). In
this study, we investigated the effects of Borago officinalis
against oxidative, inflammatory and apoptotic damage in
spleen tissue of rats treated with lead acetate using
Western Blot and RT-PCR methods.

ROS-induced oxidative stress is the first of the problems
shaped in tissues and cells after lead acetate exposure
(Alhusaini et al. 2019). Oxidative stress is characterized by
an increase in the amount of ROS in cells and a decrease in
the level of antioxidant enzymes (Aksu et al. 2021).
Keap1/Nrf2 is a key pathway for oxidative stress (Yu et al.
2019). In order to determine the effects of this pathway
and to determine whether oxidative stress occurs in
tissues, we determined the level of Keap-1 using Western
Blot method. Nrf2 protects the cell against toxic agents and
carcinogens and increases the cytoprotective effect (Cheng
et al. 2019). Keap1 has the ability to negatively regulate
the transcription level of Nrf2 (Jaramillo and Zhang 2013).
And we found that Keap-1 level decreased in the spleen
tissue of lead-exposed rats. Nrf-2s that become free pass to
the nucleus as a continuation of the pathway and form a
heterodimer with a small MAF (sMAF).(Itoh et al. 1997).
This heterodimer structure then binds to the antioxidant
reaction element (ARE) leading to the production of
numerous cytoprotective agents (Friling et al. 1990). This
association is consistent with oxidative stress caused by
peroxide accumulation (Ye et al. 2016). This pathway is
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directly related to oxidative stress. In a study, it was
observed that lead application induced oxidative stress in
oocytes, increased Nrf-2 level and suppressed Keap-1 level
(Jiang et al. 2021). In order to understand whether this
pathway works or not, we performed an experiment on
Keap-1 level and our results showed that Keap-1 inhibition
occurred after lead exposure. Especially the high dose of
our BO application significantly increased the Keap-1 level
and showed that it is important in controlling oxidative
stress by suppressing the pathway again.

Inflammation is caused by an imbalance between anti-
inflammatory and pro-inflammatory cytokines and
proteins that may be associated with inflammation (He et
al. 2017). Not only protein and inflammatory markers but
also transcription factors such as NF-kB and p53 can cause
inflammation (He et al. 2017). NF-xB accelerates the
inflammatory process by stimulating genes responsible for
the expression of inflammatory cytokines such as IL-1f
and TNF-a (Akaras et al. 2023). IL-10 is an anti-
inflammatory cytokine and inhibits the production of pro-
inflammatory cytokines mainly from T cells, macrophages
and dentritic cells (Bamboat et al. 2010). Many studies
have shown that IL-10 levels are suppressed in tissues of
experimental animals treated with lead acetate, while
proinflammatory cytokines and transcription factors are
stimulated (Abbaszadeh et al. 2021; Dahran et al. 2025). In
our study, we determined that lead acetate administration
to rats increased IL-1B and NF-«B levels in the spleen
tissue and suppressed IL-10 levels. Administration of high
dose of BO caused suppression of IL-13, a pro-
inflammatory cytokine, and NF-kB, a transcription factor,
in the spleen tissue, while IL-10, an anti-inflammatory
cytokine, increased significantly.

Bax is a proapoptotic protein and plays a central role in
mitochondria-dependent apoptosis. While Bcl-2 is
involved in the regulation of programmed cell death, it can
ensure cell survival with its anti-apoptotic genes. Caspase-
3 has an apoptotic effect and is activated by caspase-9
(Simsek et al. 2016). Caspase-3 activation leads to
proteolytic degradation and cell death (Kuzu et al. 2018).
In a study, it was observed that Bax and Caspase-3 levels
increased and Bcl-2 level decreased in liver, kidney and
testicular tissues of rats administered lead (Bidanchi et al.
2022). In our study, it was determined that Bax and
Caspase-3 levels increased in the spleen tissue of rats
treated with lead compared to the control. It was observed
that BO administration, especially the high dose of BO,
significantly suppressed the levels of Bax and Caspase-3
proteins. Lead treatment significantly reduced Bcl-2
expression in spleen tissue. We determined that BO
application was important in increasing the anti-apoptotic
Bcl-2 level and obtaining values close to the control.

In conclusion, lead exposure in rats is significantly toxic
and causes damage in many tissues such as spleen, liver,
kidney, brain and testis. Increased ROS in the cell after lead
exposure stimulates oxidative stress. We determined
Keap-1 level in order to determine whether the pathway is
stimulated or not. While Pb administration significantly
suppressed Keap-1 level, BO100 administration together
with Pb caused an increase in Keap-1 level. In addition, IL-
1B, NF-xB, IL-10 levels were determined to evaluate
inflammatory processes in spleen tissue. Pb administration
increased IL-1B and NF-«kB levels and decreased IL-10
levels. BO application together with Pb was found to be
very important in improving these levels close to the
control level. Bax, Bcl-2 and Caspase-3 levels were
determined by RT-PCR method to determine whether the
inflammatory process was followed by an apoptotic signal.
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Pb treatment stimulated Bax and Caspase-3 levels, while
Bcl-2 level was suppressed. The use of BO together with Pb
led to suppression of proapoptotic markers (Bax and
Caspase-3) and stimulation of anti-apoptotic (Bcl-2) levels.
It was determined that oxidative stress, inflammation and
apoptotic pathways were stimulated in the spleen tissue of
rats exposed to Pb, and BO administration showed a
protective effect with anti-oxidant, anti-inflammatory and
anti-apoptotic effects in rats.
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