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ABSTRACT

Background and Objective: The goal of the World Health Organization (WHO) on alcohol public health
is to reduce the health burden of harmful alcohol use and thus save lives, reduce sickness and avoid injury.
Therefore, the study aimed to evaluate C-reactive protein and methaemoglobin of alcoholic residents in
Bayelsa State which will aid us in forming a diagnostic tool for the diseases associated with
alcohol consumption with good management outcomes. Materials and Methods: The study included
200 participants; comprising males and females within the age bracket of 15-65 years. A well-structured
pre-tested questionnaire was administered to obtain information used to categorize participants into
groups; Group 1(non-alcohol consumers (<1 drink monthly), Group 2 (occasional alcohol consumers
(1-3 drinks/month), Group 3 (moderate alcohol consumers (1-5 drinks/week) and Group 4 (heavy alcohol
consumers (>2 drinks/day). Results: The C-reactive protein showed a J-shaped pattern; was significantly
higher in the control group (2.34+0.54 mg/dL) and lower in Group 3 (2.02+0.16 mg/dL) while
methaemoglobin which was significantly higher when control (20.68+1.24) was compared to Group 4
(48.48+7.34) and Group 3 (28.96+3.82) but significantly lower when compared to Group 2 (9.45+2.03).
Conclusion: The study concluded that chronic alcohol consumption could be a potential inflammation
suppressant and can cause severe hypoxia.
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INTRODUCTION

Alcohol causes mood swings and euphoria, decreased anxiety, enhanced sociability, sedation, cognitive
impairment, memory, motor and sensory function and generalised central nervous system activity
depression. Although ethanol is only one of the numerous forms of alcohol, it is the only type of alcohol
utilised in alcoholic beverages or extensively used for recreational purposes; other alcohols, such as
methanol and isopropyl alcohol, are thought to be harmful'.

The goal of the World Health Organization (WHO) on alcohol public health is to reduce the health burden
of harmful alcohol use and thus save lives, reduce sickness and avoid injury. Alcohol has been identified
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as a causal factor in 60 forms of disease and a component cause in 200 others, as about 4% of the deaths
are due to alcohol which is much greater than other disease’.

The C-reactive protein is a protein that is developed as an inflammatory response by hepatic cells
and plays a critical role in the inflammatory process by opsonizing and activating the complementary
system in response to IL-6 secretions®. Few data on possible associations between inflammatory markers
and alcohol consumption are currently available. Some epidemiological evidence indicates that alcohol
may be partly regulated by an anti-inflammatory action in the case of death due to ischemic
heart diseases”.

Methaemoglobin is a metalloprotein haemoglobin in which the iron in the heme group is in the Fe**
(ferric) state rather than the Fe®" (ferrous) state of normal haemoglobin. Methemoglobin cannot bind
oxygen, hence it cannot transport oxygen to the tissues. It's a dark blue-brown chocolate®. There is
typically a trace of methemoglobin in the blood spontaneously, but the blood turns abnormally dark
bluish-brown when present excessively. The methemoglobin reductase enzyme (a form of diaphorase) is
NADH-dependent and is responsible for turning methemoglobin into hemoglobin. Several writers have
published the direct impact on haematological parameters of alcoholic metabolite acetaldehyde and
hemoglobin alcohol intake as a direct effect®”. Moreover, acetaldehyde-modified protein epitopes are

proposed as diagnostic indicators of alcohol abuse® ™.

Therefore, the study aimed to evaluate C-reactive protein and methaemoglobin of alcoholics resident in
Bayelsa State, Nigeria will aid us in forming a diagnostic tool for the diseases associated with alcohol
consumption with good management outcomes.

MATERIALS AND METHODS

Study area: This research was conducted in communities in Bayelsa State at coordinates 4.8678°N,
5.8987°E. Bayelsa State is a state in Southern Nigeria located between Delta and River States, having a
total land area of around 10,773 km? (4,159 sq mi). Its capital is Yenagoa, which is located at 4°55'29"N
6°15'51"E. The primary language spoken is ljaw, with English serving as the official language. According
to the 2006 census, the state was formed in 1996 from a portion of Rivers State and has a population of
1,704,515 people. Bayelsa State contains 8 Local Government Areas, with Yenagoa serving as the state
capital. The research was carried out between April 2018 and May 2021.

Study population: The study population included male and female participants aged 15 to 65
who consumed alcohol and alcohol-based products, as well as persons who did not consume
alcohol or alcohol-based products. The study population of 200 participants was divided into
4 groups:

» Group 1 consists of fifty (50) non-alcohol drinkers (one drink per month)

» Group 2 consists of fifty (50) infrequent alcoholic drinkers (1-3 drinks per month)

» Group 3 consists of fifty (50) moderate alcohol consumers (1-5 drinks per week)

+ Group 4 consists of fifty (50) heavy alcohol consumers (more than two drinks per day)

Inclusion criteria

« All consenting individuals between the ages of 15 and 65 who use alcohol with no physical signs of
sickness
« All consenting adults who do not consume alcohol and are of legal drinking age
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Exclusion criteria

« Individuals with reported or confirmed cases of liver illness, myocardial infarction, inflammatory bowel
disease, immunocompromised or on antiretroviral therapy, tuberculosis

« Pregnant women or women using contraception

« Individuals taking anticoagulant therapy, cytotoxic drugs, anti-diabetic therapy and anti-hypertensive
therapy were excluded from the trial, as were non-consenting individuals.

Sample size: The following formula, proposed by May and Looney'" was employed:
N = Z%pq d?

Where, ‘Z' is the critical value and in a tailed least, this is equivalent to 1.95 'p' estimated prevalence of
alcoholics in the Niger Delta region (3.2%). 'q' represents the probability, which is 1-p, 'd" is the absolute
sampling error that can be accepted. It will be set at 5% more than the minimum sampling size N in this
study:

P =32% =0.032
Q =1-0.032 = 0.968
d® = 0.052 = 0.0025

_3.8416x0.032x0.968 _
0.0025

N 47.6

A minimum sample size of 48 is required, but for this study, 50 individuals were selected at random in
Bayelsa State localities. The test group consists of people who consume alcohol and alcohol-based goods,
while the control group does not consume alcohol or alcohol-based products.

Collection of sample: The 5 mL of venous blood was taken aseptically with a 5 mL syringe and 3 mL
dispensed into an Ethylene Diaminetetracetic Acid (EDTA) tube for methhaemoglobin assay. An assay was
performed within 2 hrs of sample collection using whole blood to avoid hemolysis. For C-reactive protein,
2 mLwas poured into a simple container. The C-reactive protein test sample was centrifuged at 4000 rpm
for 15 min and the serum was extracted and refrigerated at -20°C until needed for analysis.

Aseptically, using a 5 mL syringe, 5 mL of venous blood was collected and 3 mL dispensed into Ethylene
Diaminetetracetic Acid (EDTA) tube for methhaemoglobin analysis, analysis was done within 2 hrs of
sample collection using whole blood to avoid hemolysis. As 2 mL was dispensed into a plain container for
C-reactive protein. The sample for C-reactive protein test was centrifuged at 4000 rpm for 15 min, serum
was separated and frozen at -20°C until when required for analysis.

Ethical approval: With a letter of introduction from the Head of Medical Laboratory Science Department,
University of Benin, ethical clearance was obtained from the Bayelsa State Ministry of Health and Ethical
Research Committee for the approval to collect samples from consenting individuals at communities in
Bayelsa State.

METHOD OF ANALYSIS
Methemoglobin assay (colorimetric method): The methaemoglobin kit with catalog #TG2013
was used.
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Principle: Schumm method which works on the principle says that methaemoglobin can be reduced by
methaemoglobin reductase in the presence of sufficient NADPH to form a compound which is measured
spectrophotomterically'™.

C-reactive protein: Cobas C111 Siemen Berichron protein C reagent kit catalog number: ACNO19.

Principle: Human CRP agglutinate with latex particles located with monoclonal CRP antibodies. The
precipitate is determined turbimetrically. The Cobas C111 principle is based on absorption photometry
for determining the amount of absorbance in a fluid.

Statistical analysis: Statistical Package for Social Sciences (SPSS) (Version 20.1 for Windows 10) was used
to analyze data. The differences in the various parameters that were studied among the tests and control
groups were evaluated using Kolmogorov-Simirnov Z statistics. One-way Analysis of Variance (ANOVA)
was used to assess differences within the groups. Statistically significant values were determined at a 95%
confidence level. Values were expressed as Mean and Standard Deviation correlation determined using
Pearson correlation.

RESULTS

Table 1 shows Mean and Standard Deviation (SD) of C-reactive protein and methaemoglobin of
participants. The highest mean and SD of C-reactive protein (2.34+0.54 mg/dL) were observed in control
Group (non-alcohol consumers) while the least mean and SD C-reactive protein (2.02+0.16 mg/dL) were
obtained in moderate alcohol consumers. The highest mean and SD methaemoglobin (48.48+7.34%) were
obtained in heavy alcohol consumers and least mean and SD methaemoglobin (9.45+2.03%) were
obtained in occasional alcohol consumers. One-way Analysis of Variance (ANOVA) showed a statistically
significant difference (p<0.05) in comparison of the control mean and SD values of C-reactive protein and
methaemoglobin to other participant Groups.

Table 2 shows the post hoc (Tukey's LSD test) comparison of the effect of alcohol consumption on
C-reactive protein and methaemoglobin among participants. It was compared at a statistical confidence
level of 95%. The C-reactive protein was significantly reduced in the occasional alcohol and moderate
alcohol consumer group when compared to control (non-alcohol consumers) but slightly elevated in the
heavy alcohol consumer group indicating a J-shape pattern a contrast to methaemoglobin which was
significantly increased when control was compared to Group 4 (heavy alcohol consumers) and Group 3
(moderate alcohol consumers) but significantly reduced when compared to Group 2 (occasional alcohol
consumers). Intercomparison showed statistically significant difference except for C-reactive protein Group
1 vs Group 4, Group 2 vs Group 3 and Group 2 vs Group 4.

Figure 1 shows mean plot graph of participants groups against mean C-reactive protein value (mg/dL).
The highest mean value of C-reactive protein (2.34 mg/dL) was observed among control Group

Table 1: Mean and SD of C-reactive protein and methaemoglobin of participants

Groups (n = 200) C-reactive protein (mg/dL) Methaemoglobin (%)
Group 1 2.34+0.54 20.68+1.24
Group 2 2.08+0.19 9.45+2.03
Group 3 2.02+0.16 28.96+3.82
Group 4 2.19+0.56 48.48+7.34
p-value 0.001 0.000

F-value 5.758 731.752

All values were expressed as Mean+SD for participants across all the groups, *Statistically significant difference between means as
compared with control (p<0.05) Group 1 (control): Non-alcohol consumers (<1 drink monthly), Group 2: Occasional alcohol
consumers (1-3 drinks/month), Group 3: Moderate alcohol consumers (1-5 drinks/week) and Group 4: Heavy alcohol consumers
(>2 drinks/day)
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Fig. 1: Mean plot graph of participants groups against mean C-reactive protein value (mg/dL)

Table 2: Post hoc (Tukey's LSD test) comparison of effect of alcohol consumption on C-reactive protein and methaemoglobin among
participants

C-reactive protein (mg/dL) Methaemoglobin (%)
Group 1 vs Group 2 0.002° 0.000°
Group 1 vs Group 3 0.000° 0.000°
Group 1 vs Group 4 0.084° 0.001°
Group 2 vs Group 3 0.495° 0.000°
Group 2 vs Group 4 0.158° 0.002°
Group 3 vs Group 4 0.037° 0.000°

*Mean difference is significant at the 0.05 level, ®Mean difference is not significant at the 0.05 level, Group 1 (control): Non-alcohol
consumers (<1 drink monthly) Group 2: Occasional alcohol consumers (1-3 drinks/month), Group 3: Moderate alcohol consumers
(1-5 drinks/week) and Group 4: Heavy alcohol consumers (>2 drinks/day)

(non-alcohol consumers) while the least mean value C-reactive protein (2.02 mg/dL) was obtained in
moderate alcohol consumers.

Figure 2 shows mean plot graph of participants groups against mean methaemoglobin (%). The highest
mean value of methaemoglobin (48.48%) was obtained in heavy alcohol consumers and least mean value
of methaemoglobin (9.45%) was obtained in occasional alcohol consumers.

DISCUSSION

The findings of this work showed changes in C-reactive protein and methaemoglobin in all participant
groups as shown in Fig. 1 and 2, especially in the heavy alcohol consumer group. Methaemoglobin, a
metalloprotein of haemoglobin contains iron in the Fe** (ferric) state as the supposed Fe®* (ferrous) of
normal hemoglobin thereby losing the ability to transport oxygen which induces increased susceptibility
to tissue hypoxia in mild exercise’.

The C-reactive protein is a protein that is produced by the liver cells as part of inflammatory response, it
plays avital role in the inflammatory process by involving opsonization and activation of the complement

https://doi.org/10.3923/ajbs.2024.102.109 | Page 106



Asian J. Biol. Sci, 17 (1): 102-109, 2024

50

N w N
o o o
1 1 1

Mean of methaemoglobin (%)

_
o
1

T T T T
Non-alcohol Occasional alcohol Moderate alcohol Heavey alcohol
(<1 drink/monthly)  consumers (1-3  consumers (1-5  consumers (>2
drink/monthly)  drink/monthly)  drink/monthly)

Partcicpants group based on alcohol intake
Fig. 2: Mean plot graph of participants groups against mean methaemoglobin (%)

system in response to IL-6 secretion’. The findings showed that C-reactive protein was significantly
reduced in occasional alcohol and moderate alcohol consumer groups when compared to the control
(non-alcohol consumers) but slightly elevated in the heavy alcohol consumer group indicating a j-shape
pattern a contrast to the observed effect in methaemoglobin which was significantly increased when
control was compared to Group 4 (heavy alcohol consumers) and Group 3 (moderate alcohol consumers)
but significantly reduced when compared to Group 2 (occasional alcohol consumers). These findings
suggested that increased alcohol consumption suppressed inflammation as observed in the reduction of
C-reactive protein in occasional and moderate alcohol consumers but in an irregular J-shaped pattern but
changes observed in methaemoglobin did not follow a pattern indicating modulatory interaction.
The finding on association between alcohol consumption and C-reactive protein aligned with reports by
May and Looney'" and Mitchelle et al.” having a slight difference with reports by Imhof et al* and
Paulson et al.", who suggested that highest frequency drinkers are more likely than moderate drinkers
to have elevated C-reactive protein levels. The mechanism of this interaction is not completely understood
but some authors have suggested that alcohol derivatives could act as pseudo-immune inhibitors and
neurotransmitter allosteric inhibitors especially due to the "acetaly” component of its derivative
acetaldehyde™ "™,

Furthermore, the findings of this study suggested the effect of alcohol consumption on
metheamoglobin levels. Though there are limited publications on the effect of alcohol consumption on
methaemoglobin especially because it is a spontaneous product, alcohol bases adducts and derivatives
have been suggested to have an inhibitory effect on NADH-dependent enzyme methemoglobin
reductase (a type of diaphorase) which is responsible for converting methemoglobin back to
hemoglobin though the mechanism is not fully understood. This may endorse why methaemoglobin
concentrations were highest in the heavy alcoholic consumer group in comparison to control®”’. This study
implies that alcohol could be a potential inflammation suppressant however can cause severe
hypoxia.

https://doi.org/10.3923/ajbs.2024.102.109 | Page 107



Asian J. Biol. Sci, 17 (1): 102-109, 2024

CONCLUSION

The alcohol can be used as a potential inflammation suppressant in the management of inflammatory
diseases such as bowel inflammatory disorder. However, haematological parameters should be one of the
major focuses in the management of such conditions to avoid severe hypoxia, which can lead to death.
The study also recommends inflammatory markers and haematological investigation in liver disease
associated with alcohol. It recommends further research on the pharmacological and molecular
interactions of alcohol. As a result of insufficient funds, other useful inflammatory markers were not
included in this study.

SIGNIFICANCE STATEMENT

The World Health Organization's (WHO) mission for alcohol public health is to minimise the health
burden of harmful alcohol consumption, thereby saving lives, reducing disease and avoiding injury.
The effects of alcohol consumption on C-reactive protein discovered that it can be a potential
inflammation suppressant while on methaemoglobin, it can cause severe hypoxia. This can be of
diagnostic assistance in the management of alcohol-associated diseases. This study will help the
researcher uncover the critical area of consumption of alcohol severity that many researchers were not
able to explore. Thus, a new theory on the effect of alcohol consumption on C-reactive protein and
methaemoglobin may be arrived at.
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