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The widespread availability and potential for misuse of codeine have rendered chronic use a
pressing public health issue. Long-term codeine exposure can lead to multisystem toxicity,
causing oxidative stress, cellular damage, and increased vulnerability to illness. This study
assessed the levels of oxidative stress in Albino rats during the codeine-induced and codeine-
recovery phases. For this study, 20 Albino rats weighing 160-200 g were used. The animals were
assigned into four groups of five rats. Feed and water were administered to rats in Group 1
(control). Codeine was administered to Groups 2, 3, and 4 at doses of 10 mg/kg, 15 mg/kg, and
20 mg/kg body weight, respectively. Serum biochemical assays were conducted using blood
samples collected on day 14. After that, the animals underwent a 7-day codeine withdrawal to
assess recovery. Blood samples were collected on day 7 for the second phase of biochemical assay.
Administration of codeine for 14 days significantly reduced antioxidant enzyme levels
(superoxide dismutase, glutathione reductase, catalase, and glutathione peroxidase) (p <0.05), but
serum lipid peroxidation level was elevated (p < 0.05). After a 7-day recovery period, catalase,
glutathione reductase, and glutathione peroxidase levels showed significant recovery (p < 0.05),
lipid peroxidation decreased significantly (p < 0.05), but superoxide dismutase levels remained
unchanged. These findings indicate that misuse of codeine adversely affects oxidative stress
levels, persisting even after recovery. Therefore, caution is recommended when consuming
codeine and other opioids.
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Introduction

Pharmacy practitioners have raised concerns regarding patient requests
for over-the-counter codeine, citing an inadequate awareness of its

The profound effects of opioid use on cellular and
physiological processes have sparked widespread concern, particularly
in instances of prolonged or excessive consumption.! Codeine, a potent
opioid, significantly contributes to the global opioid crisis due to its
high potential for misuse.
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deleterious health consequences and dependency risks.? The misuse of
codeine-containing products is prevalent across various demographics,
including pharmacy professionals, medical students, and the public.
This misuse often stems from a lack of awareness regarding the risks of
dependence and the ease of access to these medications, particularly in
over-the-counter formats.2 The widespread availability and potential for
misuse of codeine have rendered chronic use a pressing public health
issue.>* Long-term codeine exposure can precipitate multisystem
toxicity, fostering oxidative stress and consequent cellular damage,
thereby increasing vulnerability to various diseases. Opioid-induced
physical dependence, exemplified by codeine, is characterised by
adaptive changes culminating in withdrawal symptoms upon cessation.?
Moreover, opioid withdrawal and physical dependence induce cellular
and neural circuit modifications, underpinning addiction-related
behaviours.® Protein deterioration, mutations in DNA, and the
breakdown of lipids are all ways that oxidative stress damages cells. It
results from a mismatch between the generation of reactive oxygen
species and antioxidant defences.®” In addition to contributing to the
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emergence of cancer, heart attack, neurodegeneration, and other
disorders, this stress is linked to tissue damage in several organs,
including the liver, kidneys, brain, and lungs.®%”  Certain
pharmaceuticals, notably those with high metabolic demands or toxic
metabolites, can exacerbate oxidative stress, heightening susceptibility
to organ dysfunction and disease.'! Heavy metal exposure also induces
oxidative damage.'? Despite codeine’s classification as a mild opioid,
chronic use has been linked to oxidative stress and tissue damage.'*14
However, the dynamics of oxidative stress during prolonged codeine
exposure and recovery remain poorly understood. Elucidating the
relationship between codeine exposure, oxidative stress, and recovery
is essential for developing effective treatment and recovery strategies to
manage codeine dependency. This study investigated the oxidative
stress levels in albino rats administered with codeine. Key oxidative
stress markers, including lipid peroxidase (LPO), catalase (CAT),
superoxide dismutase (SOD), glutathione peroxidase (GPx), as well as
glutathione reductase (GR), were evaluated to elucidate codeine-
induced changes upon cessation of exposure.

Materials and Method

Drug description

Dihydrocodeine Tablets 30 mg (Dihydrocodeine BP) (DF 118) were
obtained from Alpha Pharmacy, No 44 Ogui Road, Enugu, Enugu State.
Dihydrocodeine tablets are white, flat, circular tablets with a bevel edge
and a break-line on one side, each containing Dihydrocodeine BP 30
mg.

Animal

This study used 20 male Wistar rats weighing 160-200 g at the Brain-
Phosphorylation Research and Training Centre in Enugu State, Nigeria.
The rats were acclimated for 10 days, provided unlimited access to
water and standard Top Feed, and housed under controlled laboratory
conditions. The experiment adhered to international laboratory animal
care and use standards, with ethical clearance obtained from the
University of Nigeria’s Animal Welfare and Ethics Committee.

Experimental Design

The rats were assigned into four groups of 5 according to their body
weight. The administration was done through an oral route using an oral
cannula made from 1 mL plastic syringes, and the experiment lasted for
21 days. The animals in group 1 (Control group) received 0.5 mL of
normal saline. Those in groups 2, 3, and 4 received 10mg/kg, 15mg/kg,
and 20mg/kg body weight of codeine, respectively.

Oxidative Stress Assay

Superoxide dismutase (SOD) activity was assayed by employing the
procedure of Sun et al.*® with a Randox Kit. The assay added 15 pL of
serum, standard, and distilled water to labelled test tubes. A mixed
substrate (500 pL) was added, followed by xanthine oxidase (75 pL).
The initial absorbance was measured at 30 seconds, and the final
absorbance was recorded after 3 minutes at 505 nm. The standard curve
was used to calculate the SOD activity in units per gram of
haemoglobin.

Assay of catalase

Aebi’s technique'® was used to measure catalase activity. 0.9 mL of
distilled water, 0.1 mL of plasma, 2 mL of H202, and 2 mL of phosphate
buffer (pH 7) were combined in a test tube for the assay. A 1 mL portion
of the mixture was mixed with the dichromate acetic acid reagent to
start the reaction. For two minutes, absorbance was measured at 30-
second intervals. The unit of measurement for catalase activity was
U/mL of plasma, where U is the number of micromoles of H202 used in
a second.

Determination of the glutathione concentration

Paglia’s approach'” was used to measure glutathione levels. 0.9 mL of
distilled water, 0.02 mL of sodium sulphate, and 0.1 mL of blood
sample were combined. Following two minutes of standing at the
ambient temperature and shaking, 0.02 mL of 20% lithium sulphate, 0.2
mL of 20% NaCOs, and 0.2 mL of phosphor-18-tungstic acid were
introduced. The mixture was shaken and left for four minutes for
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maximum colour development. After adding 2.5 mL of 20% sodium
sulphate, the absorbance at 680 nm was determined ten minutes later.
Additionally, a blank sample was made using water rather than blood,
and the glutathione level was determined using the conventional
cysteine curve.

Estimation of the extent of lipid peroxidation (malondialdehyde)

The method previously described by Beuge and Aust'® was employed
in this assay. The level of malondialdehyde (MDA) was measured to
quantify lipid peroxidation. 10 pL of serum and 10 pL of distilled water
were introduced to each of the three test tubes marked “test” and
“blank.” Next, 0.5 mL of 1% TBA (thiobarbituric acid) and 0.5 mL of
25% TCA (trichloroacetic acid) were incorporated into 0.3% NaOH.
After 40 minutes of boiling in a water bath, the mixture was chilled in
cold water. After the solution had cooled, 0.1 mL of 20% sodium
dodecyl sulfate was included and thoroughly mixed. The absorbance of
the mixture was measured at the wavelengths of 532 nm and 600 nm in
relation to a blank.

Statistical analysis

Data analysis was performed using SPSS version 20. Results were
expressed as mean * standard error of the mean (SEM). Statistical
significance was set at p < 0.05.

Results and Discussion

This study investigated oxidative stress levels in albino rats during the
codeine-induced and recovery phases. In Table 1, which represents the
codeine-induced phase, the mean values of SOD in Groups 2 and 4 were
10.17 + 0.30 and 8.78 * 0.24, respectively, when compared to the
control (10.74 + 0.36) and Group 3 (9.64 * 0.22), indicating a
statistically significant difference (p< 0.05). For CAT, the mean values
for Groups 2, 3, and 4 were 2.21 + 0.08, 1.97 + 0.10, and 2.26 * 0.30,
respectively, while the mean value for the control group was 4.74 +
0.34. This indicates a statistically significant difference (p< 0.05) across
all the groups compared to the control. The mean values observed for
GR were statistically significant (p< 0.05) across the groups compared
to the control. The mean values for Groups 2, 3, and 4 were 7.21 + 0.28,
4.04 + 0.24, and 4.90 + 0.57, respectively, while a mean value of 9.41
+ 0.26 was observed in the control. For GPx, the mean values for
Groups 2, 3, and 4 were 11.12 + 0.43, 9.74 £ 0.15, 991 £ 0.23,
respectively, while that of the control was 19.23 + 0.42, indicating a
statistically significant difference (p< 0.05). Additionally, there was a
statistically significant difference (p< 0.05) in the mean values of LPO
across the groups, 456 + 0.40, 6.77 + 0.14, and 8.37 % 0.29,
respectively, while the control had a mean value of 1.81 +0.16. In Table
2, which represents the mean levels of oxidative stress markers after the
recovery period, there was no statistically significant difference (p<
0.05) observed in SOD levels of both the control and experimental
groups. For CAT, the values observed in the 3 groups, 2.73 +0.30, 3.27
+ 0.42, and 3.40 + 0.81, revealed a statistically significant difference
(p< 0.05) when compared with the control 4.75 + 0.70. The mean levels
of GR also indicated a statistically significant difference (p< 0.05) with
values of 6.79 + 0.18, 4.76 + 0.76, 8.69 + 0.27, in Groups 2, 3 and 4,
respectively. In GPx and LPO levels, a statistically significant
difference (p< 0.05) was observed in the experimental groups when
compared with the control. The corresponding mean values are 13.49 £
0.40, 11.12 + 0.73, and 10.68 + 0.19 for experimental groups in GPx
and 3.45 +0.38, 5.20 + 0.35, 6.10 + 0.31 for LPO. The mean values for
control were 19.41 + 0.40 and 2.64 + 0.14, respectively. Numerous
metabolic and neurological degenerative diseases have been linked to
oxidative stress.” Compared to the group with no treatment, codeine
administration degraded the antioxidants, increasing the production of
reactive substances such as hydrogen peroxide, which are linked to the
onset of oxidative stress. While LPO concentrations rose, those of SOD,
CAT, GR, and GPx sharply declined. This is in agreement with the
studies done by.'%?* The same effect was observed on the oxidative
stress markers after the 7-day withdrawal period. Codeine
administration for 14 days and the codeine recovery phase after 7 days
significantly reduced SOD concentrations, inducing oxidative stress.
This aligns with the study done by Younus.?
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Table 1: Oxidative stress markers after 14-day treatment with codeine

OXIDATIVE STRESS MARKERS

GROUP SOD(UIL) CAT(UIL) GR (mg/dl) GPx(UIL) LPO (mg/dl)
1 (control) 10.74 £ 0.36 4.74 £ 0.34 9.41£0.26 19.23 +0.42 1.81+0.16

2 COD (10 mg) 10.17 +£0.30™ 2.21+0.08™ 7.21 40,2834 1112 +0.43"13 4.56 +0.407134
3 COD (15 mg) 9.64 +0.22 1.97 +0.10™ 4.04 +0.2412 9.74 £0.15™2 6.77 £0.147124
4 COD (20 mg) 8.78 +0.24™12 2.26 +0.30™ 4.90 + 0,572 9.91 +0.23™ 8.37 +0.29™123

Values are given as mean * standard error of the mean (SEM). COD = Codeine. The significance level for the P value was set at p < 0.05. *=p < 0.05;

**=p < 0.001
Table 2: Oxidative stress markers after 7 days recovery period from treatment with codeine
OXIDATIVE STRESS MARKERS

GROUP SOD(UIL) CAT(UIL) GR (mg/dl) GPx(UIL) LPO (mg/dI)
1 (control) 11.13+£0.36 4.75+0.70 9.63+0.18 19.41 £ 0.40 2.64+£0.14
2 COD (10 mg) 10.96 £ 0.24 2.73 £0.30* 6.79 +£0.18™34 13.49 + 0.40™1:34 3.45+0.38™%4
3 COD (15 mg) 10.96 £0.20 3.27 £0.42"124 4,76 +0.76™? 11.12 £ 0.73™2 5.20 +0.35"?
4 COD (20 mg) 11.07 £ 0.07 3.40 +£0.81723 8.69 % 0.27"12 10.68 + 0,192 6.10 + 0.31"12

Values are given as mean + standard error of the mean (SEM). COD = Codeine. The significance level for the P value was set at p < 0.05. *= p < 0.05;

**= < 0.001

High SOD concentrations within the cells are essential for antioxidant
defence against oxidative stress.”® Reduced superoxide dismutase
(SOD) activity has been linked to various health conditions, particularly
those involving oxidative stress and inflammation. This enzyme
mitigates oxidative damage by converting superoxide radicals into less
harmful molecules. Poorer SOD activity was linked to a poorer left
ventricular ejection fraction (LVEF) in individuals with acute coronary
syndrome and type 2 diabetes, suggesting that this could be a predictive
indicator of cardiovascular risk.?* Treatment with codeine
decreased CAT concentrations. CAT plays a critical role in shielding
oxygen-dependent cells from oxidative damage by breaking down
hydrogen peroxide. Degenerative disorders are associated with catalase
dysfunction or deficiency.”® Cells’ reaction to oxidative stress is
significantly influenced by glutathione reductase (GR).® Codeine
decreased GR activity, which impacted the size of the GSH pool and
caused oxidative stress that damaged cells and organs. This validates
the study conducted by Lin et al.?” The inhibition of glutathione
reductase (GR) significantly impacts cellular responses during viral
infections by altering redox homeostasis and influencing cell death
pathways.?-28 A Similar result was observed after 7 days of withdrawal
from codeine. GPx activity significantly decreased following codeine
exposure as well as the recovery phase. In addition to oxidising
glutathione to glutathione disulfide, GPx is crucial in reducing peroxide
produced by hydrogen and lipid peroxidase to water and lipid alcohol,
respectively.?®-% Damage to organs results from an increase in peroxide
from hydrogen and lipid peroxidase caused by insufficient action of
GPx or glutathione concentrations.? In line with the tramadol research
carried out by Ogili et al.?°, codeine raised LPO concentrations.
Elevated lipid peroxidation (LPO) is a significant biochemical process
linked to various health conditions, including neurodegenerative
diseases, cancer, and inflammatory disorders. This oxidative lipid
breakdown has been linked to the aetiology of several disorders and can
cause harm to cells. Elevated ferritin levels were related to higher LPO
in adult-onset Still’s disease, suggesting a connection between
inflammation and oxidative stress.3! Increased unsaturated lipids have
been linked to heightened lipid aldehyde levels in brain regions affected

by synucleinopathies, including those with Parkinson’s.%

Conclusion

The codeine-induced and recovery phases resulted in significantly
decreased oxidative stress levels. Long-term abuse of codeine can harm
oxidative stress markers irreparably, harming organs and impairing
immunological function. However, as this study focused on short-term
recovery, additional study is required to examine the consequences of
protracted recovery from codeine use. This study’s limitation is the
scarcity of supporting literature on oxidative stress levels during a
codeine recovery phase. Further research should be carried out on long-
term codeine treatment and recovery phase on vital organs and
oxidative stress levels.
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