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Received: 19-06-2024 Codeine is short-time acting narcotic opiate with widespread clinical use for

Revised: 07-08-2024 over a century; as an analgesic for mild-to-moderate pain and in low doses,

Accepted: 12-08-2024 as an anti-tussive for suppression of nonproductive cough and diarrhoea.

Online: 23-08-2024 Although having diverse applications, codeine use requires caution due to
its potential adverse effects and risk of dependence, associated to oxidative

KEYWORDS stress through various mechanisms and inflammatory responses. Heinsia

crinita leaves are consumed either as vegetable in preparation of local cuisine
or as component of alcoholic concoction for the treatment of diverse ailments

ﬁntl.o'xﬁant including bacterial infections, diabetes, hypertension, and pharmacologically
Bntf"” BT having neuroprotective benefits. This study assessed the antioxidant and
rain

e anti-inflammatory properties of aqueous leaf extract of H. crinita (ALHC) on
Oxidative stress codeine-induced oxidative stress and inflammation in rats. Twenty-five (25)
adult male Wistar rats were obtained and divided into five groups (groups 1
- 5; n=5). Group 1 (control) received distilled water (1 ml/ kg), group 2
received only codeine (10 mg/kg), groups 3, 4 and 5 received codeine (10
mg/kg) and afterwards ALHC (100 mg/kg, 200 mg/kg and 300 mg/kg,
respectively). The antioxidant and anti-inflammatory properties of ALHC were
determined by biochemically assessing for oxidative stress bio-markers
(MDA, SOD and CAT) and inflammatory markers (TNF-a and IL-6) in brain
homogenates of the rats. Results revealed increased (p<0.05) MDA and
inflammatory markers (TNF-a and IL-6) levels and reduced SOD and CAT
activities in codeine-treated group. However, ALHC-treatment restored the
system by decreased levels of MDA and IL-6, especially (p<0.05) in ALHC
(300 mg/kg)-treated group; TNF-a decreased (p<0.05) in groups ALHC (200
and 300 mg/kg)-treated groups; SOD and CAT increased (p<0.05) in groups
ALHC (200 and 300 mg/kg)-treated groups. In conclusion, findings are
suggestive of the antioxidant and anti-inflammatory properties of ALHC
following oxidative stress and inflammation induced by exposure to codeine
in rats
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Introduction

Drug abuse is surfacing as a global public health
pandemic that is eating into the fabrics of our
societies. According to the world drug report - 2019
of the United Nations Office of Drugs and Crime
(UNODC) estimated 271 million (5.5%) of the World
population (aged between 15 and 64 years) had
used drugs in the previous years [1]. The report
projected that 35milion individuals will be
experiencing drug use disorders [1]. Also, the
Global Burden of disease study 2017 estimated that
there were 585,000 deaths due to drug use globally
in 2017[1]. The burden of drug abuse, use and
trafficking has also been related to areas of concern.
These are organized crime, illicit financial flows,
corruption and terrorism/insurgency [2]. Therefore,
effort is ongoing to combat drug abuse which has
become a menace, and also the need for quick
intervention on possible ways of ameliorating the
impact of drug abuse on the health of individuals.

Codeine is an opiate, itis a short time acting narcotic
and naturally occurring methylated morphine that
has seen widespread clinical use for more than a
century as an analgesic for mild-to-moderate pain
and in low doses, as an antitussive for suppression
of nonproductive cough [3]. Codeine (3-
methylmorphine) is an alkaloid prepared from the
methylation of morphine derived from Papaver
Somniferum also known as poppy seeds [4].

A small amount of codeine is metabolized in the
body to form morphine (its active metabolite) and
binds to receptors in the brain known as opioid
receptors and induce signaling processes
throughout the brain and rest of the body [4].

Codeine is a medicinal drug with a rich history and
diverse applications. It belongs to the opioid family
and is widely used to manage pain, cough, and
diarrhea [5]. Its diverse applications make it a
versatile drug, but its use also requires careful
consideration due to potential side effects and the
risk of dependence. Codeine is primarily used for
the management of mild to moderate pain. Codeine
is commonly combined with these non-opioid
analgesics to enhance pain relief through a
synergistic effect [6]. It is a common ingredient in
many prescription cough syrups and cold
medications [7]. Codeine suppresses cough by
acting on the brain's cough centre in the medulla,
reducing the urge to cough. This makes it
particularly useful in managing coughs that are
persistent and disruptive, such as those associated
with bronchitis, pertussis, or the common cold [8].

Codeine decreases pain perception and stimulate
the intense sensation of euphoria or well-being
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when it interacts with receptors in the brain. These
feelings of euphoria and sedation in users are
usually sought after, leading to the abuse of opioids
[9]. Given latent for abuse of codeine, at least 25
countries, including Germany, Japan and the US
have banned over-the-counter codeine sales [10].

Codeine decreases pain perception and stimulate
the intense sensation of euphoria or well-being
when it interacts with receptors in the brain. These
feelings of euphoria and sedation in users are
usually sought after, leading to the abuse of opioids
[9]. Given latent for abuse of codeine, at least 25
countries, including Germany, Japan and the US
have banned over-the-counter codeine sales [10].

Inflammation is a response of oxidative stress
induced by codeine. Inflammatory markers, such as
interleukin 6 (IL-6) and tumor necrosis factor-a (TNF-
a), increase in response to infection and tissue
damage and inactive diseases states [14]. These
inflammatory cytokines including IL-6 and TNF-q,
are cytokines involved in inflammation, which could
be released quickly under pathological conditions,
causing an inflammatory response in the central
nervous system [15, 16]. According to [17], the
utilization of these biomarkers is beneficial due to
their ease of administration and reduced processing
time. Drugs have the ability to activate the
consequences of its use or misuse on the
neurological system, which makes them possible
stress mediators [18].

Heinsia crinita with the name “atama” is a vegetable
which belongs to the family known as Rubiaceae
[19]. The leaves are consumed either as vegetable
in preparation of local cuisine or as component of
alcoholic concoction for the treatment of some
diseases such as bacterial infections, diabetes,
hypertension and infertility [20; 21]. H. crinite extract
had been postulation to exhibited neuroprotective
properties [22]. H. crinita leaves has been shown to
contain some phenolic acid and flavonoid with 50%
enzyme/antioxidant activity (EC50) with inhibitory
effect on monoamine oxidase and
acetylecholinesterase, inhibit Fe?* induced lipid
peroxidation in isolated rat brain and stimulated
Na+/K+-ATPase activity and show great potential in
defending the body against oxidative stress reaction
(22; 23; 24]. The study aim was to evaluate the effect
of H. crinita aqueous leaf extract on codeine-
induced changes on brain antioxidant parameters,
TNF-a and interleukin-6 in male adult Wistar rats

Materials and Methods

Animal Source and Handling
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Twenty five (25) male Wistar rats weighing between
110g and 150g were used for the experiment. The
rats were obtained from National Veterinary
Research Institute (NVRI) in Vom, Plateau State. They
were allowed to acclimatize for a period of 14 days
with daily feeding and care in the Animal Care Unit
of Faculty of Basic Medical Sciences, College of
Medicine, Ahmadu Bello University, Zaria, under
standard laboratory condition before
commencement of administration. Ethical approval
was obtained from Ahmadu Bello University, Zaria
Committee on Animal Use and Care and registered
as ABUCAUC/2023/113.

Plant Collection and Extraction

H. crinite leaves was collected from Kerawa in Igabi
Local Government Area of Kaduna State. It was then
identified and assigned a vourcher specimen
number ABU0900275 in the Department of Botany,
Faculty of Life Sciences, Ahmadu Bello University
(A.B.U), Zaria, Nigeria. The H. crinita leaf was
extracted using the method of [25].

Drug Preparation and Treatment

Dihydrocodeine (30mg) manufactured by PL
Holder, Bristol Laboratory Ltd, United Kingdom with
batch number FDC004 was used for the experiment.
The stock solution for dihydrocodeine solution was
prepared by dissolving the dihydrocodeine tablet
(30 mg) in 10 mL of distilled water. Each
reconstituted  dihydrocodeine  solution  was
prepared daily. The dihydrocodeine solutions were
administered to the animals according to their body
weight via gastric intubation for 21 days (3 weeks)
after which they were administered aqueous leave
extract of H. crinita for 7days (1 week).

Experimental Design

The experimental animals were randomly assigned
to 5 groups (n = 5). Group A was administered
distilled water (1.0 mL), group B received 10mg/kg
of dihydrocodeine group C received 10mg/kg of
dihydrocodeine and 100mg/kg of H. crinita
aqueous leave extract, group D received 10mg/kg
of dihydrocodeine and 200mg/kg of H. crinita
aqueous leave extract, and group E received
10mg/kg of dihydrocodeine and 300mg/kg of H
crinita aqueous leave extract. All administrations
were done via gastric intubation. The dosage of
dihydrocodeine was according to [26] and that of H.
crinita was according to [27]. At the end of the study
period, animals were anesthetized with chloroform.
The brains were quickly dissected out, rinsed with
normal saline, and the tissue processed for the
study.
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Sample Preparation

At the end of the experiment, animals were
anaesthetized with chloroform. The brain was
harvested and then 1 g of tissues immediately
homogenized. The tissue homogenates was
centrifuged at appropriate centrifugal force for 10
min and the supernatant was utilized for different
estimations according to the method of [28]. The
homogenate was used to determine oxidative stress
markers malondialdehyde (MDA), glutathione
(GSH), superoxide dismutase (SOD) and catalase
and inflammatory markers TNF- a and Interleukin 6.

Oxidative Stress and Inflammatory Markers
Assay

MDA was determined using the widely used
thiobarbituric acid (TBA) method for measuring lipid
peroxidation as the amount of thiobarbituric acid
reactive substance TBARS generated during lipid
peroxidation. MDA binds to TBA at 60°C and low PH
producing a pink complex (TBS and 2-
malondialdehyde  adduct)  with maximum
absorbance at 532nm [29; 30].

Activity of SOD enzyme were evaluated by the
method of [31]. The analysis of SOD was based upon
the principle in which xanthine reacts with xanthine
oxidase to produce superoxide radicals. The SOD
activity was measured by the level of suppression of
this reaction. Results were expressed as U/mg
protein.

The Aebi technique for measuring catalase activity
was used [31], where a reference solution of 50 mM
potassium phosphate buffer, pH 7.0, was used to
adjust the spectrophotometer's wavelength to 240
nm (1 000 pL). In addition, 950 mL of working assay
buffer and 50 mL of sample (tissue homogenate)
were pipetted into a clem cuvette and immediately
mixed. A catalase standard was produced by mixing
950 pl of the assay buffer, 460 pl of 30 mM H202
and 50 pl of diluted catalase. For 5 minutes, the rate
of which H202 was broken down was monitored at
240 nm every 15 seconds, a standard curve was
plotted using catalase as the reference. The rate of
decomposition in the Sample is given by its
(A240nm/min) micro-average. Measurements of
catalase activity were made against a standard curve
and reported in units of activity per millilitre (Uml).

Glutathione  peroxidase  concentration  was
measured by calculating the content of non-protein
sulfhydryl groups by technique described by [33].
400 pL of the homogenate was added to 320 L of
distilled water and 80 pL of trichloroacetic acid,
mixture was centrifuge for 15 min at 3000 rpm and
then 400 pL of supernatant were taken and added
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to 800 pL of Tris-HCl buffer (0.4 M, pH 8.9) and 20 pL
of 5, 5'- dithiobis (2- nitrobenzoic acid) 0.1 M and
after 1 min the reading were made at 412 nm.

Tumor Necrotic Factor-Alpha (TNF-a) was
determined utilizing the approach outlined by Zang,
TNF-a activity was determined. The TNF-a ELISA kit
uses a technique called sandwich ELISA. A pre-
coated macro ELISA plate that has been
immunosensitized with a rat TNF-a specific antibody
is included in this kit. Both the standard or sample to
be tested and the appropriate antibody combined
in individual wells of micro-ELISA plates. After
incubation, each well received an addition of an
Avidin-horseradish peroxidase (HRP) combination
and a biotinylated detection antibody against rat
TNF-a. Substrate solution was this applied to each
well. A blue colour was formed only in wells
containing Rat TNF- a, Avidin-HRP conjugate,
detection antibody. The colour changes back to
yellow when the enzyme-substrate reacting is
halted. The OD is measured at a wavelength of 450
nm 2 nm using a spectrophotometer. The optical
density (OD) value is proportional to the
concentration of Rat TNF- a. In order to qualify the
concentration of rat TNF-a in a sample, the optical
density (OD) is compared to that of a standard curve
[34].

For Interleukin-6 (IL-6), the method published by
[35] for measuring IL-6 activity was used. The
Sandwich-ELISA  method is and for the
determination of interleukin-6 in this study. Included
in this kit is a micro-ELISA plate that has been pre-
coated with an antibody specific to Rat IL-6. All that
was done is mix the standard or sample with the
appropriate antibodv and put it to a well on a micro-
ELISA plate.

Data analysis

Data were statistically analyzed using SPSS 21 and
the data were reported as Mean = SEM. Data were
analyzed One-way analysis of variance (ANOVA) and
Turkey Post hoc test for multiple comparism. A p
value of less than 0.05 will be considered to be
statistically significant.

Results

After codeine exposure there was increased
(p<0.05) MDA level in the brain tissue homogenate
of the animals when compared to the control. After
treatment with H. crinite aqueous leaf extract there
was significant decreased (p<0.05) in MDA level in
the group that received the dose of 300 mg/kg of
the extract. The SOD level decreased significantly
(p<0.05) after administration of codeine when
compared with the control. There was an increase
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Figure 1. Effect of H. crinite on Malondialdehyde (MDA)
after codeine exposure in Wistar rats. n =5, mean = SEM,
One-way ANOVA, p<0.005, CTR: Control, CDN: Codeine,
ALH: Aqueous leaf extract of H. crinite

after treatment with codeine H. crinite aqueous leaf
extract at a dose of 300mg/kg, which was not
significant when compare to the control. CAT level
in the brain tissue homogenate of the animals after
codeine treatment was decreased when compared
to the control, though the decrease was not
significant. After treatment with H. crinite aqueous
leaf extract there was significant increase (p<0.05) in
CAT level in the group that received the dose of 300
mg/kg of the extract. The level of TNF-a increased
significantly (p<0.05) after codeine administration
when compared with control but decreased after
administration of aqueous leaf extract of H. crinite
but the decrease was only significant (p<0.05) in
groups that received 200 mg/kg and 300 mg/kg of
the extract. IL-6 increased significantly (p<0.05) after
codeine administration when compared with
control but decreased after administration of
aqueous leaf extract of H. crinite. The decrease was
only significant (p<0.05) in groups that received 300
mg/kg.

Discussion

This result agrees with the report of [26] who
reported increase in MDA after codeine
consumption, an indication of lipid peroxidation as
a result of oxidative stress. In addition, codeine
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Figure 2. Effect of H. crinite on Superoxide Dismutase
(SOD) after codeine exposure in Wistar rats. n =5, mean +
SEM, One-way ANOVA, p<0.005, CTR: Control, CDN:
Codeine, ALH: Aqueous leaf extract of H. crinita.
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Figure 3. Effect of H. crinite on Catalase (CAT) after
codeine exposure in Wistar rats. n =5, mean * SEM, One-
way ANOVA, p<0.005, CTR: Control, CDN: Codeine, ALH:
Aqueous leaf extract of H. crinita.
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Figure 4. Effect of H. crinite on Tumor Necrotic Factor
Alpha (TNF-a) after codeine exposure in Wistar rats. n =5,
mean = SEM, One-way ANOVA, p<0.005, CTR: Control,
CDN: Codeine, ALH: Aqueous leaf extract of H. crinita.
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Figure 5. Effect of H. crinite on Interleukin 6 (IL-6)
after codeine exposure in Wistar rats. n =5, mean =
SEM, One-way ANOVA, p<0.005, CTR: Control,
CDN: Codeine, ALH: Aqueous leaf extract of H.
crinita.
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treatment caused significant decrease in the
activities of enzymatic antioxidants SOD and
catalase. [36; 37], reported that redox dysregulation
in the brain is an independent risk factor that is
strongly  associated with neurodegenerative
diseases supporting earlier studies [38; 39], opioids
induce oxidative brain damage evident in elevated
MDA level and reduced enzymatic antioxidant
activities.

The reduction in MDA and increase in the enzymatic
antioxidant SOD and catalase is an indication of the
ameliorative effect of the extract, though it is only
indicative at a dose of 300 mg/kg. Lipid
peroxidation inhibitory effect of H. crinite aqueous
leaf extract an evidence of its neuroprotective
properties and increased the activity of SOD. Which
agrees with this studies [22; 24]. The increase SOD
will form a first line of defence, scavenging
superoxide radicals and converting them to H20»
which will be converted to H20 and O..

The increased level of inflammatory markers as
compared to control is an indication of inflammation
in the brain. Inflammation is triggered to fight and
control an injury, infection or other stimulus and it
involves many cell types, as well as the secretion of
soluble factors. In a redox balance, the inflammatory
response is self-regulated, and is able to repair
tissue damage and eliminate pathogenic elements.
However, when the response is chronic, it causes an
inflammatory environment that leads to progressive
tissue damage [40]. Neuroinflammation itself at the
first initial stage is a protective response in the brain,
but excessively inappropriate inflammatory
responses are detrimental, and in fact, it diminish
the neuronal regeneration thereby leading to
neurodegenerative diseases and other neurological
disorders [41; 42].

Conclusion

Codeine induced oxidative stress as seen in the
increase in the level of MDA and under-regulation of
SOD and catalase. This is evident in the production
of inflammatory markers TNF-a and IL-6. Aqueous
leaf extract of H. crinita has shown neuroprotective
potential by down regulating MDA, TNF-a and IL-6
and up regulating SOD and catalase.
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