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ABSTRACT

Background and Objective: Inflammatory biomarkers like C-Reactive Protein (CRP), Tumor Necrosis Factor-o (TNF-o)
and Interleukin-6 (IL-6) are implicated in lots of inflammatory and auto-immune disorders and thus often used as
tools for prediction of disease risk. The study aimed to determine the effects of oral contraceptive pills (Exluton and
Combi-3) on these inflammatory biomarkers. Materials and Methods: The 25 adult female albino Wistar rats were
obtained from the Animal House of Rivers State University, Port Harcourt and were divided into 5 groups of 5 Wistar
rats each-Control, 200, 400 mg/kg Exluton, 200 and 400 mg/kg Combi-3 groups. They were allowed standard feed
and water ad libitum to acclimatize for 14 days, after which the test drugs were administered to the various groups
for 21 days. The rats were sacrificed and blood samples were collected for assessment of CRP, TNF and IL-6 using
standard laboratory procedures. Data obtained were subjected to IBM SPSS, version 25 for statistical analysis.
Results: The results for CRP revealed a non-significant (p>0.05) decrease in the groups 200, 400 mg/kg Exluton and
200 mg/kg Combi-3 and a nonsignificant (p>0.05) elevation of 400 mg/kg Combi-3 group. The result for IL-6
demonstrated a significant (p<0.05) elevation and reduction in 200 and 400 mg/kg Exluton groups, respectively and
a non-significant (p>0.05) increase and decrease in 200 and 400 mg/kg Combi-3, respectively. The findings for TNF
showed that a significant elevation was observed in TNF on administration of Exluton and Combi-3 when all were
compared with the control groups. Conclusion: The oral contraceptives of study tend to inhibit elevation of C-reactive
protein and have variable changes on IL-6, tending to decrease it at high doses. A markedly significant increase in
TNF was also observed. This increase in TNF could account for the potential risk in incidences of autoimmune,
cardiovascular, neurodegenerative and other metabolic risks associated with oral contraceptives.
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INTRODUCTION

Inflammatory processes play an underlying role in disease/cancer pathogenesis. For example, in
hypertension, which is a prominent cardiovascular disease there is an increase in the level of
pro-inflammatory cytokines in the blood and tissues of the cardiovascular system’. Several inflammatory
biomarkers in the blood have been assessed as potential tools for predicting the risk of certain diseases”.
Biomarkers of systemic inflammation, such as C-Reactive Protein (CRP), serum amyloid A, cytokines like
Interleukin-6 (IL-6) and Monocyte Chemotactic Protein-1 (MCP-1), as well as adhesion molecules including
Soluble Intercellular Adhesion Molecule type 1 (sICAM-1) and Tumor Necrosis Factor (TNF), have been
evaluated as potential tools for predicting disease risk.

The C-Reactive Protein (CRP), a biomarker of acute inflammation, is an acute-phase protein produced by
liver cells in response to pro-inflammatory cytokines during inflammatory/infectious processes and
determines the risk of chronic neurodegenerative diseases like cardiovascular diseases, diabetes mellitus,
Alzhemers's and Parkinson'’s diseases®.

The circulating level of CRP is commonly used as an inflammatory marker to assess the risk for
Cardiovascular Disease (CVD) and stroke®. Published studies attested correlations between
pro-inflammatory cytokines relating the CRP levels and the severity of the atherosclerotic process’.
Previous and recent human population-based studies®'® reported positive correlation between CRP rise

and intake of oral contraceptive use.

Interleukins are any of a set of naturally occurring proteins that mediate and control cell communication,
cell growth, differentiation and motility. They are especially critical for triggering immunological
responses'’.

Interleukin-6 (IL-6) is a mediatory endogenous molecule that acts as a pro-inflammatory cytokine'.
The IL-6 stimulates the inflammatory and auto-immune processes in many diseases such as multiple
sclerosis, Neuromyelitis Optica Spectrum Disorder (NMOSD), diabetes, atherosclerosis/thromboembolism,
depression, Alzheimer's disease, systemic lupus erythematosus, multiple myeloma, prostate cancer,
Behcet's disease, rheumatoid arthritis and intracerebral hemorrhage™. The IL-6 is increased in normal

menstruating females than in females on oral contraceptive pills according to reports''

which depicts
areduction in the concentration of IL-6. However, Ayub et al."® noted elevated serum levels of IL-6 in users
of oral contraceptive pills. In their studies, Sim et al."” and Manzoor et al."® observed no difference in the
serum concentration of IL-6 in females taking or not on doses of oral contraceptives. Recently, there has
been increasing interest in developing anti-IL-6 agents as therapy against many non-communicable

diseases™.

Tumor Necrosis Factor-a (TNF-a) is a cytokine-a protein, molecule and hormone-like substance that plays
a crucial role in many cellular processes, including growth, differentiation, migration and apoptosis®.
Variations in the serum concentration of the cytokine Tumor Necrosis Factor-o (TNF-a) may have potential
as a biomarker for Multiple Sclerosis (MS), which is an inflammatory and neurodegenerative disease®'.
For patients with rheumatoid arthritis who were treated aggressively, they had low levels of the cytokine
Tumor Necrosis Factor (TNF) in their serum, which confirmed the important role of TNF in the
inflammatory process associated with rheumatoid arthritis®®. Cardiovascular diseases and cancers are
considered pro-inflammatory conditions, characterized by increased secretion or levels of inflammatory
biomarkers such as the cytokine Tumor Necrosis Factor Alpha (TNF-a)?**%°. The cytokine Tumor Necrosis
Factor (TNF) is involved in all stages of carcinogenesis, including cellular transformation, proliferation,
angiogenesis (blood vessel formation) and metastasis®. The TNF-atis one of the most important cytokines
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responsible for the endothelial dysfunction that is characteristic of hypertension®”?%. The TNF has also been
implicated in the pathogenesis of several disease states, including rheumatoid arthritis, ankylosing
spondylitis and Crohn's disease®.

Other studies have provided consistent evidence that the risks of breast and cervical cancers are increased,
whereas the risks of endometrial, ovarian and colorectal cancers are reduced in women who use oral
contraceptives®®?®’. Oral contraceptive use was associated with increased fold expression of inflammatory
markers including TNF with attendant metabolic abnormalities®.

One recent hormonal contraceptive is lynestrenol, commercially marketed as Exluton. Exluton is a
progestogen-only oral contraceptive pill that contains the progestogen lynestrenol (ATC class GO3AC02).
Like other progestogen-only pills, lynestrenol is well-suited for use during breastfeeding and for women
who may not want or are unable to use estrogens. Within the body, lynestrenol is metabolized into the
biologically active metabolite norethisterone, which then binds to the progesterone receptors in target
organs such as the uterine muscle (myometrium)’. The contraceptive mechanism of action of lynestrenol
(the active ingredient in the contraceptive pill Exluton) is achieved primarily by increasing the viscosity and
thickness of the cervical mucus, which in turn reduces the ability of sperm to penetrate and reach the egg®.

Combination 3 is a combination of synthetic estrogen and progestin-containing oral contraceptives
hormonal pills that prevent the ovaries from producing an egg. They also alter cervical mucus and the
uterine lining (endometrium) milieu to prevent sperm from attaching to the egg®. Combination 3 is also
used in the treatment of polycystic ovarian syndrome (POS)*.

Exulton and combination 3 are oral contraceptives used by women of both reproductive and non-
childbearing categories but could have potential to initiate processes leading to some non-communicable
diseases or medical conditions via their effects on pro-inflammatory biomarkers. Thus, considering the
positive correlation between bio-inflammatory markers (TNF, CRP and IL) and regularly consumed
contraceptive pills in previous studies, it is imperative to choose Exulton and combination 3 being
commonly used and most times abused and having a paucity of data. Also, most available studies that
reported on effects of contraceptive pills on these biomarkers are done at a retrospective level. Thus, there
is a need to describe the correlation between selected oral contraceptives in this study and the commonly
implicated inflammatory biomarkers (C-reactive protein, interleukin 6 and TNF) using an experimental
approach. This study explored the effects of oral contraceptive pills (Exluton and Combi-3) on the
inflammatory biomarkers: C-reactive protein, interleukin 6 and TNF.

MATERIALS AND METHODS
Study duration: This study was carried out from September, 2021 to February, 2022.

Experimental animals: The 25 adult female albino rats were obtained from the animal house of
Rivers State University, Port Harcourt and taken to the experimental laboratory where they were divided
into 5 groups of 5 albino rats each. They were given standard feed and water ad libitum and allowed to
acclimatize for 14 days.

Drug of study: Exluton is a brand of progesterone-only pill containing specifically 500 ug of lynestenol
in each tablet. Combination 3 pills is a Combined Oral Contraceptive Pill (COCP) containing levonorgestrel
0.15 mg and ethinyl estradiol 0.03 mg and an iron-based compound, iron fumarate. The
combination 3 pack consists of 21 white hormonal tablets and 7 non-hormonal tablets. Each white
hormonal tablet contains low doses of estrogen and progesterone hormones. Both drugs were purchased
from a Medical Pharmacy in Port Harcourt, Rivers State, Nigeria.
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Experimental grouping/drug administration, Odinga et al.**:
The female albino rats were divided into 5 groups:

Group 1: Feed+water only

Group 2: 200 mg/kg Exluton+feed+water (low dose-LD Exluton)

Group 3: 400 mg/kg Exluton+feed+water (high dose-HD Exluton)

Group 4: 200 mg/kg Combination 3+feed+water (low dose-LD Combi-3)
Group 5: 400 mg/kg Combination 3+feed+water (high dose-HD Combi-3)

Administration of drugs was as reported by Odinga et al.**. Each day a tablet is dissolved in 100 mL
distilled water and the appropriate dose per kg was measured out using a 2 mL syringe for oral
administration via an oro-gastric tube. Low dose received 0.14 mL while the high dose received 0.30 mL
of the prepared drug. These doses were determined based on comparative dosage per body weight
proportion akin to humans.

Sample collection and procedure: On the last day (21st day from onset of medication), the rats were
fasted overnight, weighed and euthanized and were sacrificed by placing them in a desiccator. Blood
samples were collected and stored in a plain sample bottle. The blood was centrifuged at 3000 rotations
per minute for 3 min and the blood plasma was separated and used for the analysis.

Sample analysis: Normal rat plasma (NRP) was prepared from rat blood collected in the anticoagulant
EDTA (10 mM). The blood was centrifuged for 10 min at 1300 g to separate the plasma
supernatant. This plasma supernatant was then supplemented with calcium chloride (CaCl,) to a final
concentration of 12 mM. After incubating this recalcified plasma for 20 min at 37°C, the resulting fibrin
clot was removed by centrifugation at 1300 g for 15 min at 4°C. Finally, the recalcified normal rat plasma
was aliquoted and stored at -70°C until needed for activation experiments. A similar procedure was used
to obtain recalcified normal human plasma (NHP).

Purified rabbit antibodies against C-RP (1 ug/mL) were used as catching antibodies. The samples to be
tested were serially diluted in PBS containing 0.1% (wt/vol) Tween 20 and 0.2% (w/v) gelatin (PTG).
Biotinylated anti-C-RP was diluted in ELISA-ultra performance buffer supplemented with 10 mm EDTA.
Plates were developed with strept-PO. Purified C-RP was used as a standard. Hundred millilitre (100 mL)
of standard sample were added to each well and incubated for 2 hrs at 37°C. As 100 uL biotin-antibody
(1x) were added to each well and incubated for 1 hr at 37°C then aspirated and washed 3 times. Another
100 pL HRP-avidin (1x) was added to each well and incubated for 1 hr at 37°C and the aspirate was
washed 5 times before adding 90 uL TMB substrate to each well. It was incubated for 15-30 min at 37°C
and protected from light, then added 50 uL of stop solution to each well and read at 450 nm within 5 min.

Serum was prepared for TNF-a determinations and were stored at -70°C until they were
analyzed. The TNF-a was measured by commercial ELISA (R&D) Systems, according to the manufacturer's
instructions.

Statistical analysis: Data were analyzed using SPSS (statistical package for social sciences) version 25.0.
Statistical evaluations of the difference between the group mean values were tested by One-way Analysis
of Variance (ANOVA) and tukey's post hoc test for multiple comparisons. The results were expressed as
MeanzStandard deviation and statistical significance was considered at p<0.05.

RESULTS

In Table 1 and Fig. 1, C-reactive protein values for groups-LD Exluton, HD Exluton and LD Combi are lower
insignificantly (p<0.05) in comparison with the control group in the decreasing order as follows: LD
Combi>LD Exluton>HD Exluton. The group 5 administered with HD Combi-3 increased insignificantly
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Fig. 1: Chart showing the effect of various doses of Exluton and combination 3 pills on the C-reactive
protein compared to their control
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Fig. 2: Chart showing the effect of various doses of Exluton and combination 3 pills on the interleukin-6
compared to their control

Table 1: Effect of exluton and combination 3 on the C-reactive protein, tumor necrosis factor and interleukin-6 biomarkers

Parameter Control 200 mg/kg Exluton 400 mg/kg Exluton 200 mg/kg Combi-3 400 mg/kg Combi-3
CRP (mg/mL) 0.47+0.12° 0.39+0.03° 0.38+0.06° 0.43+0.08° 0.50+0.05°

IL-6 (pg/mL) 7.89+0.55° 8.85+1.35% 6.021£0.49°° 7.93+1.02° 7.27+£1.41°

TNF (pg/mL) 27.400+8.745° 57.575+7.008° 48.900+29.405¢ 27.680+11.253° 50.925+12.089¢

Values are expressed as Mean+Standard Deviation, Values with the same superscript on the same row show no significant difference
at (p<0.05), Values with different superscript in the same row shows significant difference at (p<0.05), CRP: C-reactive protein,
TNF: Tumor necrosis factor and IL-6: Interleukin-6

(p>0.05) when compared to the control. Thus, CRP decreases insignificantly (p>0.05) with increasing doses
of Exluton (HD and LD) and LD Combi-3 but increases insignificantly (p>0.05) with increasing doses of HD
Combi-3 when compared with the control.

In Table 1 and Fig. 2, Interleukin-6 (IL-6) values for the groups administered with combination 3,
HD combi at key value of (7.27+2.08) was insignificantly (p>0.05) lower when compared to the
control (7.89£0.55), LD Combi (7.93+1.02) was insignificantly (p>0.05) higher compared to the control
(7.89+0.55).
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Fig. 3: Effect of Exulton and combination 3 on the Tumor Necrosis Factor (TNF)

For interleukin-6 value in the groups administered with Exluton, there was a significant (p<0.05) increase
in LD Exluton value at (8.85+1.35) compared with the control group (7.89+0.55). The HD Exluton at
(6.02+0.49) was lower significantly (p<0.05) in value when compared to the control (7.89+0.55). Thus, the
values of IL-6 decrease significantly (p<0.05) with increasing doses of Exluton and with an insignificant
(p>0.05) decrease with increasing doses of Combi 3.

From Table 1 and Fig. 3, the values of TNF when compared with the control group showed that both
LD exluton and HD exluton administered groups had a significant (p<0.05) elevation in TNF. The groups
administered with combination-3, revealed a significant (p<0.05) increase in LD Combi-3 and a
non-significant (p<0.05) increase in TNF when compared with the control group, respectively.

DISCUSSION

According to Table 1 and Fig. 1, C-reactive protein values for groups-LD Exluton, HD Exluton and LD
Combi are lower insignificantly (p<0.05) in comparison with the control group in the decreasing order as
follows: LD Combi>LD Exluton>HD Exluton. Thus, CRP decreases insignificantly (p<0.05) with increasing
doses of Exluton (HD and LD) and LD Combi-3 but increases insignificantly (p<0.05) with increasing doses
of HD Combi-3 when compared with the control.

These findings agreed with the findings from previous studies®”

which reported a significant increase
in CRP in women on combined contraceptive use thus predisposing them to risk of cardiovascular
diseases. The insignificant decrease in the group treated with Exluton which is a progesterone-only
contraceptive might be attributable to the absence of estrogen. Various risks associated with increased
serum concentration of CRP including cardiovascular, arteriosclerotic and neurodegenerative risks were
reported by Banait et al.*?

risks while Exluton contraceptive, containing progesterone only could reduce such risk.

and therefore chronic intake of combination-3 could predispose women to such

In Table 1 and Fig. 2, the values of IL-6 decrease significantly (p<0.05) with increasing doses of Exluton
and with an insignificant (p<0.05) decrease with increasing doses of Combi 3.

These findings to some extent differ from the findings of Larsen et al.* which showed that there is no
difference in concentration of IL-6 in females on or not on oral contraceptives. However, IL-6 was found
toincrease in normal menstruating females than in females on oral contraceptive pills according to reports
as well as studies which depict a reduction in the concentration of IL-6*. This asserts some position in this

https://doi.org/10.3923/ijbc.2024.01.10 | Page 6



Int. J. Biol. Chem., 18 (1): 01-10, 2024

research which demonstrated a significant reduction in the levels of groups treated with HD Exluton and
a non-significant reduction of those treated with HD combi 3. However, elevated serum levels of IL-6 in
users of oral contraceptive pills which established the same result seen in treatment groups LD Exluton
and LD Combi-3 with significant and non-significant elevated concentration levels respectively were also
reported by Sim et al'” and Eagan et al*. The IL-6 stimulates the inflammatory and auto-immune
processes in many diseases and thus women on LD Exluton and LD Combi-3 can predispose such
candidates to these diseases. Also, there is increasing interest in developing anti-IL-6 agents as therapy
against many non-communicable diseases* and by implication, doses of HD Exluton could be explored
for this remedy.

From Table 1 and Fig. 3, the values of TNF when compared with the control group showed that both LD
exluton and HD exluton administered groups had a significant (p<0.05) elevation in TNF and therefore
validated studies by Divani et al.** R
of 6 months duration of women with polycystic ovarian syndrome increases plasma ICAM-1, MCP-1 and

and Yousuf et al.** which indicated that oral contraceptive pill treatment
TNF-a levels and these cytokines also correlate positively with many metabolic parameters including
plasma glucose, lipids and homeostatic model assessment-insulin resistance. The groups administered
with combination-3, revealed a significant (p<0.05) increase in LD Combi-3 and a non-significant (p<0.05)
increase in TNF when compared with the control group, respectively. This again establishes the same
position in previous studies stated above. Increased TNF is implicated in lots of metabolic,
neurodegenerative diseases and other non-communicable diseases as reported by experimental findings
in previous studies®’.

The findings of this study suggest the possible and attributable cardiovascular risks like thromboembolism
and cervical and breast cancer with the use of oral contraceptives, most especially when abused, which
is common in most tertiary institution campuses. These effects are most likely in females. Although, this
study is not the first to investigate the use of oral contraceptives, the study explored its effects specifically
on the effect of commonly abused oral contraceptives and its effects on the inflammation markers. It is
therefore recommended that the use of oral contraceptives should be in strict adherence to the prescribed
doses and time. The researchers recommend an investigation into the use of oral contraceptives on other
inflammation markers that were not included in this study. Also, an investigation into some metabolic
condition markers that predispose to cardiovascular risk and malignancy is recommended.

CONCLUSION

This study suggests that oral contraceptives especially the progesterone component caused a decrease
in CRP serum levels and thus could inhibit inflammatory responses in body cells with attendant reduction
in the risk of cardiovascular and neurodegenerative diseases. A variable change in IL-6 in this study with
overriding tendencies of decreased serum concentration at chronic or high doses could result in
decreased incidences of auto-immune processes involving multiple sclerosis, diabetes atherosclerosis and
multiple myeloma among others individuals on oral contraceptives. However, an increase in TNF tends
to counter this correlation and is most likely responsible for the attributable cardiovascular risk like
thromboembolism and cervical and breast cancer associated with the use of oral contraceptive use.

SIGNIFICANCE STATEMENT

Oral contraceptives have been effectively used by women. However, it could have the potential
to initiate processes leading to non-communicable diseases or medical conditions via its effects on
pro-inflammatory biomarkers. Considering that most available studies that reported on the effects of
contraceptive pills on these biomarkers are done at a retrospective level, there is a need to describe the
correlation between selected oral contraceptives in this study and the commonly implicated inflammatory
biomarkers using an experimental approach. This study suggests that oral contraceptives might inhibit
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the elevation of CRP and cause variable changes in IL-6, tending to decrease it at high doses and a
significantly increased TNF. This increase in TNF could account for the potential risk in incidences of
autoimmune, cardiovascular, neurodegenerative and other metabolic risks associated with oral
contraceptives.
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