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concentrations of vitreous glucose, urea and creatinine in the experimental

increased significantly (p < 0.05), whereas concentrations of serum cholester-
ol, total proteins, globulins, potassium, and pH activity decreased significant-
ly. Correlational relationships were also observed between glucose and some
associated parameters in the vitreous humour and serum. In conclusion,
some of the vitreous and serum biochemical parameters altered followed a
similar predictive pattern and usual pathophysiology of diabetes mellitus.
Therefore, we found that chronic CO intoxication could be included amongst
the environmental agents known to be a causative agent of diabetes mellitus.
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1. Introduction

Diabetes mellitus (DM) is a group of metabolic disorders characterized by a high
blood glucose concentration over a prolonged period of time [1]. Diabetes is due
to either the pancreas not producing enough insulin, or the cells of the body not
responding properly to the insulin produced [2]. There are three main types of
diabetes mellitus: type 1, type 2 and gestational. Symptoms often include fre-
quent urination, increased thirst, and increased appetite [3]. Diabetes mellitus is
characterized by recurrent or persistent high blood glucose, and is diagnosed by
demonstrating fasting plasma glucose concentration > 7.0 mmol/L (126 mg/dL)
and glycated hemoglobin (HbA,c) = 48 mmol/mol (26.5 DCCT %) [4] [5].

The International Diabetes Federation (IDF) Atlas Ninth Edition 2019 pro-
vides the latest figures, information and projections on diabetes worldwide. The
prevalence worldwide is approximately 463 million adults (20 - 79 years) living
with diabetes; by 2045 this will rise to 700 million. Africa has a prevalence bur-
den of more than 19 million people; by 2045 it will be around 47 million. Nigeria
has adult total cases of diabetes mellitus of 2,743,800. Furthermore, it revealed
that diabetes caused 4.2 million deaths, gulfed at least USD 760 billion dollars in
health expenditure in 2019—10% of total spending on adults.

Carbon monoxide (CO) is a poisonous, colourless, tasteless, odourless and
non-irritant gas produced by incomplete combustion of organic materials [6]. It
has 200 to 300 times more affinity for haemoglobin (Hb) than oxygen (O,),
forming carboxyhaemoglobin which is quite stable [6]. This renders haemoglo-
bin incapable of carrying oxygen resulting in tissue hypoxia.

Carbon monoxide poisoning is the inhalation of large quantity of CO that is
harmful to the body. Inhalation of CO above the threshold concentration could
result in morbidity or mortality based on the health status and age of the victim.
The pathophysiology of CO poisoning is mainly anchored on the mechanism of
hypoxia and the most impacted organs are the brain and heart [7]. Others less
impacted are lungs, pancreas, liver and spleen [7]. Symptoms of CO poisoning
may include headache, sweating, dizziness, dim vision, tremor and loss of con-
sciousness [8].

Diabetes mellitus is a chronic disease that develops over time. The exact caus-
ative agent is not definitive. It is believed to be influenced by hereditary, envi-
ronment, nutrition and lifestyle [9]. The role of environment has been identified
as one of the major causes of diabetes mellitus [10]. Toxic gases such as carbon
monoxide are found commonly in the environment, especially amongst nations
with poor power supply and infrastructures. Nations with poor power supply
rely heavily on generating set for power generation. Generating set is one of the
major emitters of CO in Sub-Saharan Africa [11]. Inhalation of carbon monox-
ide above its threshold consistently over time has been shown to distort bio-
chemical and haematological parameters [11] [12] [13] [14] [15]

A study showed that patients with carbon monoxide poisoning (COP) had a
higher risk for DM than non-COP patients [16]. Similarly, elevated concentra-
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tion of exhaled CO was observed in diabetes reflecting heme oxygenase (HO)-1
induction and oxidative stress [17]. The previous studies did not put into cog-
nizance the direct measurement of serum and vitreous glucose and ancillary bi-
ochemical parameters upon exposure to consistent CO. Hence, this study is de-
signed to evaluate the concentrations of serum and vitreous biochemical para-
meters that are essential in the diagnosis and management of diabetes mellitus.
Alterations of these parameters could support the alternative hypothesis that CO
has a palpable effect of instigating diabetes mellitus. This study is therefore deli-
berately conducted to interrogate the relationship between CO and diabetes mel-

litus using an animal model.

2. Materials and Methods
2.1. Study Area

The animal intoxication and sample extraction were performed at the animal
house of the Faculty of Agricultural Sciences, Niger Delta University, Bayelsa
State, Nigeria. Similarly, the biochemical analysis was carried in the Chemical
Pathology Laboratory of the Niger Delta University Teaching Hospital, Okolobi-
ri, Bayelsa State, Nigeria.

2.2. Ethics Statement

The animals used for the study were treated humanely and according to the dic-
tates of the Animal (Scientific Procedures) Act 1986. The ethical approval was
granted by the Bayelsa State Ministry of Health, Bayelsa State, Nigeria.

2.3. Animals, Study Design and Treatments

Age-mated New Zealand white male albino rabbits obtained from Plateau State
were housed for two weeks in ventilated cages prior for use and were kept under
standard conditions with ad libitum access to sterile water and fed a soy-free
breeding diet bought in Swali market, Yenagoa, Bayelsa State. Housing condi-
tions were carefully controlled (lights on at 07:00, off at 19:00, temperature 19°C
- 21°C, humidity 45% - 65%).

Rabbits showing signs or symptoms of illness prior to exposures were ex-
cluded from the study. A total of 20 rabbits constituted the sample size as vali-
dated using Mead 5 resource equation [18].

After two weeks of acclimatization, the rabbits were randomly allocated into
four groups. The first group was designated controls that were exposed to air
only (n = 5). The remaining three groups of rabbits were exposed daily
whole-body to CO for 30 min for 10, 20, or 30 days (n = 5/group). The source of
the CO was a portal Sumac generating set. All CO concentrations were con-
stantly monitored using a Carbon Monoxide Meter Gasman-CO (PCE Instru-
ment, UK). Exposure concentrations were never greater than 200 ppm in the
chamber. This level was selected based on earlier studies of Goldstein [19] and

Struttmann et al [20], wherein 200 ppm was found to reflect CO concentration
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that will not lead to immediate mortality and morbidity. At 30" minutes after the
final exposure, CO-treated rabbits and their aged-matched and weight-matched
controls were euthanized mechanically. Bio-samples (ie, vitreous humor and

blood) were then collected for analyses (see below).

2.4. Sample Collection

Vitreous humor samples were collected by the method of Coe [21], whereas
blood samples were collected from the heart using the method of Ness [22]. Both
samples were collected into plain containers. The samples were centrifuged and
supernatant separated into other plain containers for immediate laboratory

analysis.

2.5. Laboratory Analysis

Serum and vitreous glucose were analyzed using glucose oxidase method. Lipid
profile, electrolytes, proteins, and renal function markers were measured using
methods approved by the World Health Organization (WHO).

2.6. Statistics

Values were expressed as mean = SEM. Comparison of treatment effects used
one-way ANOVA followed by the Bonferroni post hoc test when multiple
treatment groups were compared. Pearson correlation was also used to validate
relationships between glucose and other essential parameters in the diagnosis of
diabetes mellitus. Statistical Package for Social Sciences program v.18-21 (SPSS

Inc., Chicago, IL) was employed as the statistical software package.

3. Result

Table 1 indicated a significant increase in vitreous glucose, creatinine and urea
observed across the studied groups, while concentrations of vitreous total cho-
lesterol, triglyceride, total protein, globulins, sodium, potassium and pH de-
creased significantly. Table 2 shows a significant increase in concentrations of
serum glucose, triglyceride, creatinine and, on the contrary, serum cholesterol, to-
tal proteins, globulins, potassium, and pH activity decreased. Table 3 and Table 4
show a correlational association between glucose and other associated parame-
ters in the vitreous humor and serum respectively. Vitreous glucose/pH showed
a strong significant negative correlation (r = —0.505, p = 0.046), whereas vitreous
glucose/creatinine and glucose/urea showed a strong significant positive correla-
tion (r = 0.604, p = 0.013; and r = 0.57, p = 0.019). Vitreous glucose/potassium
and glucose/globulin showed a weak negative correlation (r = —0.550, p = 0.027;
and r = —0.231, p = 0.013) respectively. Serum glucose/potassium, glucose/pH,
glucose/cholesterol, glucose/total protein and glucose/globulins showed strong
significant negative correlations (r = —0.583, p = 0.018; r = —0.728, p = 0.01; r =
—0.706, p = 0.02; r = —0.508, p = 0.044 and r = —0.591, p = 0.016) respectively in
Table 4.
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Table 1. A multiple comparison of vitreous diabetes mellitus indicators on the basis of duration of chronic CO intoxication.

Duration of CO Exposure

Parameters Control
Day 10 Day 20 Day 30 f-value p-value

Glucose (mmol/L) 5.20 £0.29 438 +£1.12 548 +2.12 7.38 + 0.85% 3.92 0.04
TC (mmol/L) 1.44 + 0.05 0.85 +0.137 0.67 +0.17¢ 0.55 + 0.13% 38.33 0.00
TG (mmol/L) 0.76 + 0.06 0.23 + 0.04° 0.19 + 0.037 0.16 + 0.05% 171.04 0.00
TP (g/L) 4.32+2.51 2.83+1.12 2.34 + 1.307 1.80 + 0.41° 3.05 0.07
ALB (g/L) 1.01 + 0.80 1.33 £ 0.51 0.62 + 0.51 0.83 +0.52 0.93 0.46
GLO (g/L) 3.51 +2.42 1.60 + 0.617 1.72 £ 0.93% 1.11 £ 0.71? 5.20 0.02
Sodium mmol/1 140.00 + 3.74 140.95 + 12.38 132.35 + 4.86 131.23 £ 3.09 2.04 0.16
Potassium pmol/l 6.15+ 0.56 4.66 £ 0.37* 4.97 £0.70? 4.24 £ 0.41° 9.69 0.00
Chloride pmol/1 104.75 + 4.03 105.00 + 3.92 99.60 + 9.52 103.65 + 4.82 0.69 0.58
pH 7.86 £ 0.05 7.59 +0.02 7.77 £ 0.07% 7.23 £ 0.05* 2.75 0.09
Creatinine (pmol/L) 41.75 +£9.07 48.75 + 4.86 62.25 + 4.57% 80.50 + 8.23%¢ 23.96 0.00
Urea (mmol/L) 3.93 £0.22 4.05+£0.51 4.43 £ 0.51 6.25 + 0.60%¢ 020.16 0.00

Legend: TC = Total Cholesterol; TG = Triglyceride; TP = Total Protein; ALB = Albumin; GLO = Globulin; Symbols—a: p < 0.05
vs control, &: p < 0.05 vs Day 10, ¢ p < 0.05 vs Day 20; Data are expressed as mean * SD; Significant at 0.05 Confidence (p < 0.05);
Concentration of acute CO intoxication = <200 pm.

Table 2. A multiple comparison of serum diabetes mellitus indicators on the basis of duration of chronic CO intoxication.

Duration of CO Exposure

Parameters Control
Day 10 Day 20 Day 30 f-value p-value

Glucose (mmol/L) 4.35+1.00 5.07 £2.21 5.65+0.34 10.03 + 0.73%¢ 16.10 0.00
TC (mmol/L) 3.28 £ 0.20 3.10+£0.29 2.03 £ 0.25% 1.89 + 0.17% 37.89 0.00
TG (mmol/L) 1.12 £ 0.09 1.62 = 0.237 1.54 + 0.03* 1.53 £ 0.31 3.05 0.07
TP (g/L) 47.75 £ 6.24 36.75 + 4.03° 33.50 + 3.11¢ 33.50 + 3.70° 8.021 0.003
ALB (g/L) 30.25 + 2.36 28.25 £ 4.92 26.75 £ 3.86 29.25 +£2.99 0.665 0.590
GLO (g/L) 16.50 = 6.56 8.50 + 1.73? 8.25 + 4.99¢ 4.25 + 0.967 5.870 0.010
Sodium mmol/l 136.75 + 3.40 145.50 + 8.78* 133.50 + 4.21° 146.75 £ 2.02%* 1.48 0.27
Potassium pmol/l 5.05+0.84 6.53 £2.48 5.46 £ 0.53 4.64 £0.11 6.13 0.01
Chloride pmol/l 97.00 + 4.69 95.98 £ 3.73 89.55+7.03 90.68 £ 5.97 1.84 0.19
pH 7.45 £ 0.04 7.65 = 0.05% 7.55 + 0.05% 7.23 + 0.05%¢ 60.27 0.00
Creatinine (umol/L)  68.02 +10.01 72.32+£9.01 74.22 £ 12.04 90.01 + 13.227 0.52 0.48
Urea (mmol/L) 4.02+ 1.73 4.80 £ 0.91 5.00 £ 1.22 5.80 £ 0.71 0.72 0.56

Legend: TC = Total Cholesterol; TG = Triglyceride; TP = Total Protein; ALB = Albumin; GLO = Globulin; Symbols—a: p < 0.05
vs control, &: p < 0.05 vs Day 10, ¢ p < 0.05 vs Day 20; Data are expressed as mean + SD; Significant at 0.05 Confidence (p < 0.05);
Concentration of acute CO intoxication = <200 pm.
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Table 3. Relationship between vitreous glucose concentration and ancillary parameters in
diabetes mellitus investigations.

Bivariate Parameters Pearson Coefficient (r) p-valve
Glucose/Sodium -0.375 0.156
Glucose/Potassium —-0.550 0.027*
Glucose/Chloride —-0.078 0.775
Glucose/pH -0.505 0.046*
Glucose/Cholesterol —-0.393 0.132
Glucose/Triacylglycerol -0.227 0.398
Glucose/Total Protein —-0.154 0.569
Glucose/Albumin 0.224 0.413
Glucose/Globulins —-0.231 0.013*
Glucose/Creatinine 0.604 0.013*
Glucose/Urea 0.578 0.019*

*Correlation is significant @ 0.05; **Correlation is significant @ 0.01.

Table 4. Relationship between serum glucose concentration and ancillary parameters in
diabetes mellitus investigations.

Bivariate Parameters Pearson Coefficient (r) p-valve
Glucose/Sodium 0.469 0.067
Glucose/Potassium —-0.583 0.018*
Glucose/Chloride 0.414 0.111
Glucose/pH —-0.728 0.01*
Glucose/Cholesterol —-0.706 0.02*
Glucose/Triacylglycerol 0.196 0.468
Glucose/Total Protein —-0.508 0.044*
Glucose/Albumin -0.170 0.950
Glucose/Globulins -0.591 0.016*
Glucose/Creatinine —-0.106 0.695
Glucose/Urea 0.250 0.695

*Correlation is significant @ 0.05; **Correlation is significant @ 0.01.

4. Discussion

The study discovered a significant alteration in vitreous and serum concentra-
tions of some of the studied biochemical parameters in the experimental groups
intoxicated with moderate concentration of CO (Table 1 & Table 2). Also, a
handful of correlations either positive or negative were also observed between
glucose and some ancillary parameters used in the diagnosis and management of
diabetes mellitus (Table 3 & Table 4). These findings form the nutshell of this
study as X-rayed below.
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This study observed a significant increase in vitreous and serum glucose con-
centration in the experimental groups intoxicated with moderate concentration
of CO (Table 1 & Table 2). Carbon monoxide perpetrates its ferocity through
denial of the body of adequate oxygen supply or hypoxia [7]. In addition to hy-
poxia, carbon monoxide poisoning may induce immunological and inflamma-
tory reactions in all organs in the human body by producing reactive oxygen
species, which are longer lasting and independent of hypoxia [23] [24]. These
cumulatively could be the basis of the hyperglycaemia observed in this study.
The palpable effect of hypoxia in provoking diabetes mellitus or its complica-
tions has been shown by couple of researchers [25] [26]. On the contrary, a re-
view article conducted by Veronica et al [27] suggested that two environmental
toxins, arsenic and dioxin (dibenzo-p-dioxins), may have some relationship to
an increased risk for diabetes. Carbon monoxide was not included by the re-
searchers as a risk factor of diabetes mellitus.

A serial significant decrease in concentrations of vitreous and serum total
protein and globulin in CO intoxicated groups was observed when compared
with the controls (Table 1 & Table 2). The decrease in vitreous or serum total
protein could have been orchestrated by the fall in vitreous or serum globulin.
This is due to the non-significant concentration of albumin across the experi-
mental groups. Globulin is an immune protein used as defense by the body
against foreign or toxic agent invasion. A fall in total protein and globulin has
been shown to be an attribute of immune suppression or depression [28]. A de-
pressed immune system is an opening of floodgate to a lot of diseases. Hence,
the depressed immune system could be one of the scientific bases of the provo-
cation of diabetes mellitus. This is further corroborated by the positive correla-
tions between serum glucose and globulin (Table 4), and serum glucose and se-
rum total protein (Table 4). Decreased cellular response and cellular innate
immunity has been implicated in diabetes mellitus [29] which concurred with
this study. Furthermore Weaver [23] and Hampson et al [24] also posited the
effect of CO in compromising the immunological status of the body which is in
accordance with the posture of this study.

However, this study revealed a significant decrease in concentration of vi-
treous and serum potassium in the CO intoxicated groups (Table 1 & Table 2).
Potassium is the main positively charged electrolyte in the intracellular fluid
(ICF), which determines the amount of water inside the cells. Potassium helps
the body regulate fluid, send nerve signals and regulate muscle contractions [30].
It is believed that potassium causes the release of insulin from the beta cells of
the pancreas [31]. Low concentrations of potassium could be inimical to the effi-
ciency of the pancreas in adequately secreting insulin. A review article emphati-
cally stated that low concentration of potassium can increase the chance of de-
veloping diabetes [31]. Hence, the finding on the decrease in potassium concen-
tration further validates the potential risk of diabetes mellitus resulting from CO
intoxication. Carbon monoxide could have an inhibitory or alterative effect on

potassium concentration which also forms strings of actions cascading to the
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manifestation of diabetes mellitus.

Vitreous and serum sodium concentration exhibited a significant decrease as
the duration of CO intoxication increases (Table 1 & Table 2). Also, a positive
correlation was established between serum sodium and serum glucose (Table 4).
The result of this study is in consonance with the rule of thumb in clinical medi-
cine; which advanced that serum sodium concentration decreases by 1.6 mEq/1
for every 100 mg/dl increase in glucose concentration due to water shifts from
the intracellular to the extracellular compartment [32]. An experimental study in
healthy subjects found significantly greater decreases in sodium concentration
than expected when using the standard correction factor, especially when glu-
cose concentrations were above 400 mg/dl [33]. Serum chloride also exhibited a
decrease in concentration. A decrease concentration of serum chloride is a
known risk factor of potential diabetes mellitus. Decreased chloride concentra-
tion is related to diabetes mellitus, or a family history of diabetes mellitus [34]. A
study on anion gap showed a distorted chloride in diabetes [9].

Vitreous and serum pH value showed a significant decrease in activity (Table
1 & Table 2). The decrease is scaled towards acidity which is a major attribute of
ketoacidosis observed commonly in diabetes mellitus. The finding of this study
is in agreement with the stance of Yukimura et al [35], which established that
low pH is significantly associated with abnormal glucose tolerance. Therefore,
measuring pH might prove useful for identifying patients at high risk for di-
abetes. Agoro et al [9] also posited that glucose impairment has the preponder-
ances of eliciting acidotic condition in the body.

Vitreous and serum total cholesterol concentration decreased significantly
upon progressive exposure to moderate CO concentration (Table 1 & Table 2).
Similarly, vitreous triglyceride significantly decreased in the vitreous, whereas
increased in the serum. Literature has shown that diabetes tends to lower “good”
cholesterol concentrations and raise triglyceride and “bad” cholesterol concen-
trations, which increases the risk for heart disease and stroke. This common
condition is called diabetic dyslipidemia [36]. Triglyceride is potentially useful
for predicting T2DM in clinical practice. It is a potential mediator of association
between BMI and T2DM development [37]. Authors such as Zhang et al [38]
and Lee ef al. [39] supported the predictive usefulness of triglyceride. However,
Sargsyan and Herman [40] posited that the increase in triglyceride in diabetes
mellitus is due to dysregulation of hepatic carbohydrate sensing systems. On the
contrary, Beshara et al [41] showed that sustained increments in serum triglyce-
ride concentration, even within the accepted normal range, are an independent
risk factor for diabetes mellitus and impaired fasting glucose in normoglycemic
participants.

The significant increase in vitreous and serum creatinine and urea concentra-
tions are an indication of renal dysfunction (Table 1 & Table 2). Furthermore
the correlation between vitreous creatinine and urea concentrations and that of

glucose concentration is a further proof to the relationship between renal func-
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tion markers and glucose (Table 3). The source of the increase in concentrations
of the renal function markers is questionable as both elevation of glucose or the
direct toxicity of CO could initiate the pathophysiology of renal dysfunction.
There is a relationship which exists between diabetes mellitus and raised creati-
nine concentration [42]. Usually, this situation arises when DM has been there
for a long time and not controlled and such a situation is referred to as diabetic
nephropathy. The reason adduced rule out the possibility of hyperglycaemia
causing diabetes mellitus. The finding of this study contradicts the stance of
Hjelmeseeth et al. [43] which bared that a low serum creatinine concentration is
associated with type 2 diabetes, rather than the increase observed in this study.
Hence, it could be deduced that the leap in the renal function biomarkers could
have emanated from CO intoxication and not the effect of hyperglyceamia.

The major limitation noted in the study is the use of animal model. An advo-
cacy for the use human is apt. Also, more biochemical parameters should be in-
corporated into the study to increase the scope. Paucity of funds was the major

constraint in increasing the scope of the study.
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