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ARTICLE INFO ABSTRACT

Keywords: The study investigated the effect of buprenorphine (BUP) on oxidative indices and gene expression of apoptotic
B“Prenofphi“e molecules in the hippocampus of neonates during the fetal stage. BUP (1 or 0.5 mg/kg) was subcutaneously
Apoptosis administrated to pregnant rat dams. After parturition, the pups were maintained to the end of breastfeeding
g::stwe stress period, then hippocampi were assessed for oxidative stress indices [glutathione (GSH), thiobarbituric acid
Rat reactive substances (TBARS), superoxide dismutase (SOD), total antioxidant capacity (TAC)] and mRNA
Pup expression of apoptotic markers (Bax, Bcl2 and caspase 3). Our data indicated that BUP (0.5 mg/kg) adminis-

tration during gestation significantly increased GSH and TAC concentrations in the hippocampus of pups versus
control group (p < 0.05). BUP (0.5 and 1 mg/kg) administration significantly elevated the expression levels of
Bcl2 in the hippocampus of neonates compared with controls. BUP injection (0.5 and 1 mg/kg) to pregnant rats
markedly reduced the expression levels of caspase 3 in the hippocampus of neonates in BUP 0.5 group (p < 0.01)
and BUP 1 group (p < 0.05) versus the controls. Our study indicated that BUP may potentiate antioxidant system
and inhibit apoptosis and oxidative stress in the hippocampus of neonates received this drug during the fetal
stage.

1. Introduction development.

Several clinical studies have reported that the risk of cognitive and

Opioid maintenance therapy with methadone, a p-opioid receptor
agonist or buprenorphine (BUP), has been approved by WHO (2014)
during pregnancy. Although, patients under opioid maintenance ther-
apy have improved health conditions than those receiving illicit opioids
[1]; yet, opioid maintenance therapy in pregnant women may pose a
health risk to the fetus [2]. The opioid receptors expression is elevated in
the neuronal cells of developing brain of human and animal, and
endogenous opioids, as inhibitory growth factors, can regulate the
growth of dendritic cells and spine formation [3]. Fetus is likely sus-
ceptible to opioids due to the effect of endogenous opioid on the brain

behavioral dysfunction in children born to mothers under opioid ther-
apy is increased compared to non-exposed children [4-6].
Experimental studies also confirmed that BUP and methadone
caused cognitive impairment in rat offspring prenatally exposed to these
drugs [7-9]. Several studies have also indicated that opioids may affect
neurogenesis, cell proliferation, and myelination during brain develop-
ment [10-12]. Thus, it is needed to find the mechanisms underlying
opiate-induced cognitive impairment in the fetus. The high expression of
the p-opioid receptors was seen on the hippocampus [13]. It has been
suggested that altered expression of molecular signaling pathways
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involved in learning and memory function via activation of p receptors
mediated over generation of reactive oxygen species (ROS), apoptosis
and inflammation in the hippocampus [13,14].

However, knowledge on the neurological impact of prenatal expo-
sure to BUP is incomplete. Therefore, this study aimed to evaluate
gestational exposure to BUP and its effects on the oxidative stress indices
[thiobarbituric acid reactive substances (TBARS), glutathione (GSH),
total antioxidant capacity (TAC), superoxide dismutase (SOD)] and
mRNA expression of apoptotic markers (Bax, Bcl2 and caspase 3) in the
pups’ hippocampus exposed to this drug during the fetal stage.

2. Methods
2.1. Animals

This study was approved by the ethic committee of National In-
stitutes for Medical Research Development (NIMAD). In the present
study, 12 female Wistar rats were housed in polypropylene cages in the
standard animal house in Birjand University of Medical Sciences under
normal condition. Female and male rats were mated for 6 days and the
presence of vaginal plugs was examined each morning to ascertain
pregnancy. Upon confirmation of pregnancy, male rats were removed
from the cage.

3. Animal grouping

Pregnant animals were randomly allocated to control which received
olive oil (0.2cc/rat) and two BUP (0.5 and 1 mg/kg, subcutaneously)
groups during pregnancy once a day. After delivery the neonates were
maintained for 28 days. At the end of the treatment period, the rats were
anesthetized with ketamine/xylazine (50/10 mg /kg), and their hippo-
campi were obtained for biochemical and molecular analysis.

4. Thiobarbituric acid reactive substances measurement

A Nalondi™ assay kit (Navand Salamat, Iran) containing thio-
barbituric acid reactive substances (TBARS) was used to measure lipid
peroxidation. In this method malondialdehyde (MDA) levels were used
to determine lipid peroxidation [15]. MDA is a lipid peroxidation
product that reacts with thiobarbituric acid (TBA) under acidic and high
temperature conditions with a purplish result whose color intensity is
measured at 532 nm by using Epoch Microplate Reader (USA / Bio-Tek).

5. Determination of reduced glutathione level

The reduced glutathione in the homogeneous tissue was measured
using a standard NarGul™ kit (Navand Salamat, Iran). In this method,
GSSG converts into GSH (reduced glutathione) by glutathione reductase
in the presence of NADPH, which then produces GSTNB in the presence
of NADPH and DTNB. This cycle is activated by the glutathione reduc-
tase enzyme. Light absorption was assessed at 412 nm by using Epoch
Microplate Reader (USA / Bio-Tek.

6. Superoxide dismutase measurement

A Nasdox™ assay kit (Navand Salamat, Iran) was used to measure
the superoxide dismutase enzyme activity in homogenous tissue sam-
ples. The kit was designed according to the inhibition of the oxidation of
pyrogallol [16]. Pyrogallol is normally oxidized in air and whose
oxidation half-life is determined at a certain concentration; For a sample
containing SOD at an unknown concentration, the inhibition of pyro-
gallol oxidation at a given time was determined and compared with the
concentration of SOD of control at a wavelength of 405 nm by using
Epoch Microplate Reader (USA / Bio-Tek.

Toxicology Reports 9 (2022) 311-315
7. Total antioxidant capacity measurement

A Naxifer™ assay kit (Navand Salamat, Iran) was used to evaluate
total antioxidant capacity (TAC) based on the ferric reducing antioxi-
dant power (FRAP) method. This kit was designed based on the ability to
reduce ferric ions and convert them into ferrous ions by antioxidants in
biological samples and to form a ferrous ion complex with the TPTZ
reagent and a bluish complex [17]. The intensity of the blue color is
measured at a wavelength of 593 nm by using Epoch Microplate Reader
(USA / Bio-Tek.

8. Real-time PCR to detect mRNA expression
8.1. RNA extraction

RNA extraction was performed using the Parstous Nucleic acid
extraction. In brief, approximately 5 g of tissue sample was transferred
into a 1.5 ml microtube containing 750 pl of RL solution and incubated
at room temperature for 5 min. Chloroform (150 pl) was then added to
the mix, the tube is capped securely and vortexed vigorously for 15 s and
incubated for 3 min at room temperature. The tube was centrifuged at
13000 rpm for 12 min at 4 °C. after that, 400 pl of the aqueous phase was
transferred into a new tube and an equal amount of absolute ethanol was
added. The mixture was then transferred into a filter tube and centri-
fuged for one minute at 13000 rpm. The filter tube was washed with PW
solution for one minute at 13000 rpm. Finally, the RNA was eluted in 50
pl of DEPS treated water and stored at — 80 °C.

Both quantity and purity of the extracted RNAs were determined
using UV absorbance measurement at 260 and 280 nm by NanoDrop
spectrophotometer. ODyg0/OD3gy ratio of ~2 was considered as an
acceptable purity for the RNA samples. The integrity and quality of the
purified RNAs were further checked using 2% agarose gel
electrophoresis.

cDNA synthesis:

The cDNAs were synthesized using Yekta Tajhiz Azma cDNA syn-
thesis kit, Iran according to the manufacturer’s procedure:

1. Total RNA and random hexamer primer were mixed in a nuclease-
free 0.2 ml microtube and the volume was adjusted to 13.4 pl
using nuclease-free water:

Total RNA 0.1 ng-5pl
Random hexamer 1pl
nuclease-free Hyg variable
Total Volume

4. pl

2. The components were mixed gently and incubated at 70 °C for 5 min.
The microtube was then incubated on ice to cool the mixture.

3. The following components were added to the above mixture and the
volume was adjusted to 20 pl:

5x first strand buffer 4l
dNTPs (10 mM each) 1l
RNasin (40 U/pl) 0.5 pl
M-MLV)200 U/ul) 1ul

4. The microtube was incubated for 5 min at 37 °C and the reaction was
terminated by a 5-minute incubation at 70 °C.
5. Finally, the synthesized cDNA was stored at — 20°C.

9. Quantitative PCR (qQRT-PCR)
qRT-PCR test were performed by using the synthesized cDNAs as a

template. To quantify the relative mRNA level of each gene, SYBR green-
based real-time PCR was carried out using Real-time PCR Master Mix
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(SYBR Green), on Stratagene mx3000p Real-Time PCR machine. About
50 ng cDNA sample 1 pl of each forward and reverse primer (10 uM) and
10 pl 2X Real-time PCR Master Mix (SYBR Green), at a final volume of
20 pl were used.

A reaction without cDNA and gapdh housekeeping gene was used as a
negative control and internal control, respectively. Melting curve anal-
ysis confirmed the specificity of the primer pairs and the purity of real-
time PCR products.

Actin f: AAGATCCTGACCGAGCGTGG.

Actin R: CAGCACTGTGTTGGCATAGAGG.

Sequence Gene

F: AGGGCTGCTTTTAACTCTGG GAPDH
R:CCCCACTTGATTTTGGAGGG

F:TGCTTCAGGGTTTCATCCA Bax
R:GACACTCGCTCAGCTTCTTG

F:GATAACGGAGGCTGGGTAGG Bcl2
R: CCAGAGGAGGAGGTAGGGAC

F:GTTTGAGCCTGAGCAGAGACAT Caspase 3

R:GGCAGCATCATCCACACATACC

10. Statistical method

Data analysis was done with the SPSS 22 software (SPSS Inc., Chi-
cago, IL) using Analysis of Variance (ANOVA) and Tukey’s post hoc tests
Data was indicated as mean + SD. P value below 0.05 was considered as
the significance level.

11. Result
11.1. Oxidative stress parameters

BUP (0.5 mg/kg) significantly increased neonatal hippocampal GSH
and TAC levels versus the controls (p = 0.018, p = 0.033, respectively).
There was no significant difference in the GSH and TAC levels in the
hippocampus of neonates receiving BUP 1 mg/kg in fetal stage versus
control animals (Table 1).

12. Gene expression of Bax, Bcl2, and caspase 3

BUP (0.5 and 1 mg/kg) could not change the Bax expression in the
hippocampus of neonate versus the controls. The significant difference
was not observed in the Bax expression levels in the hippocampus of
neonates between BUP 0.5 and BUP 1 groups (Fig. 1).

BUP (0.5 mg/kg) significantly increased neonatal hippocampal
expression levels of Bcl2 compared with controls (p = 0.003). The sig-
nificant difference was not observed in the Bcl2 expression levels in
neonatal hippocampus of neonates born to mothers exposed to BUP at

Table 1
Oxidative stress parameters in hippocampus of the control and buprenorphine-
exposed pups during the fetal stage.

Groups SOD MDA GSH TAC
Control 7.85 + 16.06 + 18.55 + 6.08 +
1.08 1.56 0.71 1.29
Buprenorphine 0.5 8.23 + 1212 + 23.89 £
mg/kg 1.70 0.80 1.55
* 10.23 +
1.08
*
Buprenorphine 1 mg/ 6.93 + 15.23 + 20.74 £ 6.90 +
kg 0.97 1.96 1.03 1.16
F=0.26
P Value = 0.77 =1.86
P Value = 0.19 F=5.28
P Value = 0.018 F =4.89
P Value = 0.03
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1 mg/kg during gestation and control animals (Fig. 1). BUP)0.5 and
1 mg/k( significantly decreased neonatal hippocampal expression levels
of Caspase 3 compared with controls (p =0.003, p = 0.01, respec-
tively). There was no significant difference in the Caspase 3 expression
levels in the hippocampus of neonates in BUP 0.5 and BUP 1 groups
(Fig. 2).

13. Discussion

In this study we show increased GSH and TAC levels as well the Bcl2
expression levels in neonatal hippocampus of pus born to dams treated
during gestation with BUP (0.5 mg/kg). In addition, BUP at 0.5 and
1 mg/kg decreased the expression levels of Caspase 3 in the hippo-
campus of these animals.

The developing human and animal brain displays high expression
levels of u-OPIOID receptors. The prenatal period is exquisitely critical
for development.

Numerous studies have shown that opioids, including BUP, are
readily transported across the placental barrier to the fetus and accu-
mulate in the brain, especially in developing animals which lack an
intact blood-brain barrier [18,19]. Our study assessed the toxic effect of
BUP on oxidative stress and apoptosis in the developing hippocampus.

A mechanism implicated in opioids-induced neurotoxicity is oxida-
tive stress, as evidenced by increased lipid peroxidation products [20,
21] of polyunsaturated fatty acid (PUFA) chains, leading to the neuro-
toxicity [22].

We found that 0.5 mg/kg of BUP increased TAC and GSH levels in the
hippocampus of animals. Furthermore, we observed that lower dose of
BUP (0.5 mg /kg) potentiated the antioxidant system which may cause
the stimulatory impact of BUP on delta receptors [23]. In contrast, our
previous study indicated that BUP (1 mg/kg) markedly elevated the
hippocampal concentration of MDA as well as reduced the GSH con-
centration [24]. Activation of delta opioid receptors increases the
tolerance of the tissue to oxidative stress by low doses of opioids [23].
Activation of delta opioid receptors caused an increase in the expression
and translocation of Nrf2, resulted in the cytoprotection [25].

It was found that the high doses of opioids stimulates dopamine re-
ceptors, leading to a decrease in the antioxidant content in rat brains
[26].

Apoptotic changes are inherent to drug-induced cytotoxicity in the
hippocampus [27]. Apoptosis has a critical role in CNS development,
and it is regulated both by stimulatory (Bax and Bad), and several
inhibitory apoptotic genes [28-30].

Bax protein is located in the mitochondrial membrane and apoptosis
ensues following Bax over-expression [31]. Bax is induced by several
apoptotic signaling molecules, leading to the cytochrome c release from
the mitochondria and apoptotic induction. Bcl-2 can inhibit Bax activity
and cytochrome c release [32,33].

We observed that Bcl-2 expression in 0.5 mg/kg BUP exposure was
increased in the hippocampus of animals. In contrast, previous studies
suggested that ROS over-production following opioid administration
might reduce the antioxidant levels in cells, leading to increased mito-
chondrial permeability, thereby inducing the release of mitochondrial
proteins, such as Bax, and altering the function of survival-regulating
factors such as Bcl-2 [34]. The seemingly discordant findings between
the present and previous studies may be related to the low bioavail-
ability of BUP in the fetus after transfer through the placenta. It has yet
to be determined whether low dose opioids can potentiate the antioxi-
dant system by stimulating delta receptors, thereby inhibiting apoptotic
pathways.

In conclusion, we found that neonatal rat hippocampal TAC and GSH
levels and BCI2 expression increased upon 0.5 mg/kg BUP exposure. In
addition, a decrease in the expression of caspase 3 was found in neonatal
rat hippocampus of pups born to mothers exposed to BUP at doses 0.5
and 1 mg/kg. These findings suggest that BUP at doses 0.5 and 1 mg/kg
fails to elicit oxidative and apoptotic damage in the hippocampus of
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Fig. 1. Bax and Bcl2 mRNA expressions in neonatal rat hippocampus.
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Abbreviations: C: control, BUP 0.5: Buprenorphine 05 mg/kg, BUP 1: Buprenorphine 1 mg/kg.
Significant difference between the data of the C group vs other control groups: * *; p < 0.01.
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Fig. 2. Caspase 3 mRNA expressions in neonatal rat hippocampus.
Abbreviations: C: control, BUP 0.5: Buprenorphine 05 mg/kg, BUP 1: Bupre-
norphine 1 mg/kg.

Significant difference between the data of the C group vs other control groups:
*;p<0.05 ** p<0.01.

these pups. However, more investigations are required to find the
mechanisms of BUP’s effect in the brain during the sensitive stage of
brain development and its related toxic mechanisms.
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