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Background

Lipid peroxidation refers to the oxidative degeneration of  lipids. 
It is the process in which free radicals “steal” electrons from li-
pids in cell membranes, resulting in cell damage [1]. It most often 
affects polyunsaturated fatty acids, because they contain multi-
ple double bonds. Oxidative stress is a condition characterized 
by elevated levels of  intracellular reactive oxygen species (ROS) 
which are the progenitors of  free radicals [2]. Production of  per-
oxides or free radicals could cause damage to components of  cell, 
including proteins, lipids, and DNA [3]. Excessive oxidation of  
lipids alters the physical properties of  cellular membranes and 
result to covalent modification of  proteins and nucleic acids [4].

Carbon monoxide (CO) is classified as an asphyxiant and its mech-
anism of  action is through hypoxia. It starves the cells of  oxygen 

resulting to grave consequences such as morbidity or mortality. 
Deaths resulting from CO poisoning is on the increase both in 
developed, developing and under developed nations of  the world 
due to the heavy reliant of  CO producing equipment. The rapid-
ity of  CO in causing death is now patronized by criminals to com-
mit homicide and disguised as accidental or suicide [5-8].

The reference method for the investigation of  death due to CO 
poisoning is solely by autopsy. An autopsy finding by itself  has 
some limitations especially the absence of  anatomical derange-
ments or similarities to other related cases. Another handicaps in 
utilizing autopsy as a final arbiter in the investigation of  CO poi-
soning death is in decomposition or putrefaction. Mummification 
is another phenomenon that renders autopsy findings irrelevant 
in the adjudication of  justice. These handicaps to an extent do not 
affect the vitreous humor composition and consistencies.
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Abstract

Carbon monoxide (CO) is a euphoric poisonous gas with the predisposition of  causing death depending on its concentra-
tion. This study was designed to assess the effects of  acute CO poisoning on oxidative stress indicators and other ancillary 
biochemical parameters. Eighteen (18) rabbits divided into three groups of  six each constituted the sample size. The groups 
comprised of  controls (CG), disguised death (DD) and CO death (CD). The CO utilized for the study was a product of  
portable generating set (SUMEC). Vitreous humor was extracted from the eyes of  rabbits and assayed for lipid peroxidation 
parameters such as catalase (CAT), superoxide dismutase (SOD), malonaldehyde (MDA), glutathione reducatase (GT), lipid 
profiles, uric acids and glucose using standard methods. The result showed that vitreous SOD was significantly lower (P < 
0.05) in both the DD and CD, but more markedly lower in the CD. On the contrarily, vitreous CAT was significantly higher 
(P < 0.05) in the DDs. Also, vitreous MDA exhibited significant increase (P < 0.05) in both the DDs and CDs. Vitreous GT 
showed no significant difference (P > 0.05). The vitreous lipid profiles result showed a pan markedly significant decrease 
(P < 0.05) in the CDs as compared to the DDs. Vitreous uric acid exhibited a significant decrease only in the CDs, whereas 
vitreous glucose decreased both in the DD and CD, but more pronounced in the DD. Therefore, the findings showed that 
lipid peroxidation is a phenomenon associated with acute carbon monoxide poisoning.

Keywords: Forensic Science; Lipid Peroxidation; Vitreous Humour; Disguised Death (DD); Carbon Monoxide Death 
(CD).
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The use of  blood for the assay of  oxidative stress markers in post-
mortem is scientifically unsuitable. Fermentation and putrefaction 
are proven factors that make blood inappropriate for biochemical 
analysis after death. These handicaps of  blood led us to utilize 
the vitreous humor as a sample of  choice. Vitreous humor is a 
gelatinous fluid that is void of  contaminants and also resistant 
fermentation even at advanced putrefaction [9]. Also the presence 
of  wide range of  biochemicals in the vitreous and its similarities 
to ante-mortem blood biochemicals make it a preferred sample 
for postmortem studies [10-12].

In carbon monoxide poisoned patients, an altered balance be-
tween reactive oxygen species and antioxidant levels has been 
reported [13]. Also it has been observed that free radicals and oxi-
dative stress are among factors involved in pathogenesis of  acute 
carbon monoxide poisoning and particularly appear to have a role 
in carbon monoxide induced cardio-toxicity [14]. Another author 
also held the view of  a strong relationship between acute carbon 
monoxide poisoning and free radical and oxidative stress [15].

This study utilized arrays of  biochemical parameters associated 
with oxidative stress and lipid peroxidation by measuring the con-
comitant effect of  acute CO poisoning. The parameters include; 
total cholesterol, triacylglycerol, high density lipoprotein (HDL), 
low density lipoprotein (LDL) and very low density lipoprotein 
(VLDL), malonaldehyde (MDA), superoxide dismutase (SOD), 
catalase, glutathione Reductase (GPR), uric acid and glucose. The 
study is aimed at critically analyzing the patterns presented by the 
studied vitreous biochemical parameters in postmortem acute CO 
poisoning.

Materials and Methods

Study Area

Three locations were used for the study; the intoxication and the 
laboratory analysis. The intoxication and vitreous extraction were 
carried out along the Epie Creek axis in IgbogeneEpie of  Bayela 
State. However, the laboratory analysis took place at the Bio-
chemistry Laboratory of  the Federal University of  Agriculture, 
Umudike, Abia State and the Chemical Pathology Department of  
the Niger Delta University Teaching Hospital, Okolobiri, Bayelsa 
State.

Study Population

The sample size was calculated based on the formula of  Mead's 
resource equation [16]. Rabbit was selected as the animal of  
choice for the study due to its phylogenetic relationship to hu-
man, coupled with its large eye globe.The research utilized only 
male albino rabbits of  same age and weight (six to eight months 
and 1.5-2kg).

A total of  eighteen (18) rabbits were used; six (6) rabbits consti-
tuted the control group (CG). Treatments one and two were made 
up of  six rabbits each. Treatment one comprised rabbits me-
chanically sacrificed (suffocation technique) before exposure and 
termed disguised death (DD). Whereas treatment two was made 
up of  rabbits that died as a result of  intoxication with maximum 
carbon monoxide exposure and termed carbon monoxide death 

(CD). The CD rabbits died about two hours into the acute CO in-
toxication and samples collected within 30 minutes postmortem. 
The control group was treated in similar manner to the treatment 
one except for the CO exposure and the 30 minutes postmortem 
sample collection. The CO gas was produced using one stroke 
generator (SUMEC) and acute concentrations extrapolated from 
the findings of  Golden [17], and Struttmann et al.,[18].

Ethical Approval

The ethical clearance and experimental protocol were approved 
by the Ethics Committee of  the Bayelsa State Ministry of  Health. 
The Animal Welfare Act of  1985 of  the United States of  America 
for research and Institutional Animal Care and Use Committee 
(IACUC) protocol were stringently adhered to.

Collection of  Sample

Rabbits used were apparently healthy and active as confirmed and 
approved by a veterinary doctor. The vitreous humor samples 
were collected by the method of  Coe [19]. Adequate care was tak-
en to gently aspirate the fluid to avoid tearing of  any loose tissue 
fragments surrounding the vitreous chamber. On an average 1.0 
mL was collected from each rabbit eye. Only crystal clear liquid 
free of  tissue contaminants and fragments was used in the study. 

Immediately after sample collection, the vitreous humour was 
transferred into plain containers, frozen and dispatched for the 
required laboratory analysis.

Laboratory Analysis

Vitreous Catalase (CAT) and Superoxide dismutase (SOD) were 
estimated according to the methods of  Aebi [20] and Xin et al., 
[21] respectively. Vitreous malondialdehyde (MDA) analysis was 
done by determining the concentration of  MDA formed using 
the method of  Varshney and Kale [22]. The concentration of  glu-
tathione was determined according to the method of  Habiget al., 
[23]. 

Vitreous total cholesterol, triglyceride and HDL were estimated 
quantitatively using Agappe kit as specified by Agappe Diagnos-
tics (Switzerland) (Agappe Kit Leaflet). Vitreous LDL concen-
tration was derived mathematically by the formula as shown by 
Carl and Edward [24]. Vitreous VLDL concentration was de-
rived mathematically by the formula as stated by Friedewaldet al., 
[25]. However, vitreous uric acid was measured quantitatively by 
Uricase Method as specified by AGAPPE Diagnostics (Switzer-
land) (Agappe Kit Leaflet). Glucose was estimated using glucose 
oxidase method.

The concentration of  CO was extrapolated from the findings of  
Golden [17], and Struttmann et al., [18] in averring CO concentra-
tions (ppm) that can lead to death and its corresponding carboxy-
haemoglobin.

Statistical Analyses

Data were analyzed with Statistical Package for Social Sciences 
(SPSS) program (SPSS Inc., Chicago, IL, USA; Version 18-21) and 
Microsoft excel. Pearson correlation analyses were used to estab-
lish relationships between studied vitreous oxidative stress bio-
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markers and the acute graded carbon monoxide concentrations. 
Also, one-way ANOVA (Post Hoc- LSD) was used in comparing 
the means of  the studied parameters of  the study groups. Graphi-
cal presentation was done using GraphPad prism 5.

Results

Table 1 shows a multiple comparisons of  some vitreous oxidative 
stress biomarkers (Mean ± SD) in three groups of  acute CO in-
toxications using one Way-Anova (LSD’s post hoc test). Vitreous 
CAT was strictly significantly higher (P < 0.05) in the DD group. 
Vitreous MDA was significantly increased (P < 0.05), whereas 
SOD was significantly lower (P < 0.05) in both the DD and CD 
groups. However, vitreous GT exhibited non-significant differ-
ence (P > 0.05) acrossed the study groups.

Table 2: Showed a correlational analysis between vitreous lipid 
profiles of  the DD and CD groups and the acute graded CO. 

Correlation was observed between the vitreous lipid profiles of  
the DD and acute graded CO, whereas CD was not.

Table 3 shows a multiple comparisons of  vitreous glucose an-
duric acid (Mean ± SD) of  the three groups of  acute CO in-
toxications using one way-Anova (Post Hoc-LSD). Vitreous uric 
acid was strictly significantly lower (P < 0.05) in the CD group. 
Whereas, vitreous glucose increased significantly (P < 0.05) in the 
CD group.

Discussion

Lipid peroxidation is a product of  oxidative stress occasioned by 
the generation of  excess free radicals with the attendant produc-
tion of  corresponding antioxidants and buffers [3, 26]. Oxidative 
stress is the progenitor of  lipid peroxidation; excessive oxidation 
of  lipids alters the physical properties of  cellular membranes and 
can cause covalent modification of  proteins and nucleic acids [4].

Table 1. A Multiple Comparison of  Postmortem Vitreous Oxidative Stress Biomarkers on the basis of  Levels of  Acute CO 
Intoxications.

Parameters Control DD CD F-Value P-Value
GT (µ/mg) 21.98 ± 1.06 21.77± 0.61 23.44 ± 1.61 2.44 0.142

SOD (µ/mg) 5.81 ± 0.23 4.64 ± 0.19* 4.49 ± 0.33* 14.689 0.001
CAT (µ/mg) 62.99 ± 2.17 66.81 ± 1.50* 63.26 ± 3.10 3.299 0.084

MDA (mmol/mg) 2.44 ± 0.22 3.56 ± 0.16* 3.56 ± 0.79* 7.191 0.014

Symbols: *P < 0.05 vs control, #P < 0.05 vs DD.

Legend: Glutathione Reductase; SOD = Superoxide Dismutase; CAT= Catalase; MDA = Malondialdehyde; DD- Disguised death; 
CD-Carbon monoxide Death.

Table 2. The Observed Pearson’s Correlation Coefficient between Graded Carbon Monoxide Concentrations and Studied 
Vitreous Postmortem Biochemical Parameters for the DD and CD Groups.

Parameters Measured R Level of  Significance R Level of  Significance
DD CD

TC (mmol/l) 0.989 0.011* -0.911 0.089
TG (mmol/l) 0.811 0.118* -0.435 0.565

HDL (mmol/l) 0.971 0.029* -0.867 0.133
LDL (mmol/l) 0.853 0.147* -0.834 0.166

VLDL (mmol/l) 0.875 0.125* -0.377 0.623

 * Significant,
Key: DD = Disguised Death, CD = Carbon Monoxide Death, TC= Total Cholesterol, TG = Triacylglycerol, HDL = High Density 

Lipoprotein, LDL = Low Density Lipoprotein, VLDL = Very Low Density Lipoprotein, R = Pearson Correlation Coefficient.

Table 3. A Multiple Comparison of  Postmortem Vitreous Glucose and Uric Acid on the basis of  Levels of  Acute CO Intoxi-
cations.

Parameters Control DD CD F-Value P-Value
Glucose (mmol/L) 5.2 ± 0.3 1.7 ± 0.5* 2.6 ± 0.5*# 65.557 0
Uric Acid (µmol/L) 57 ± 6 50 ± 4 21 ± 6*# 48.289 0

Symbols: *P < 0.05 vs control, #P < 0.05 vs DD.
Key: * Significant at P < 0.05.
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However, severe oxidative stress can cause cell death and even 
moderate oxidation can trigger apoptosis, while more intense 
stresses may cause necrosis [27]. 

In carbon monoxide poisoned patients, an altered balance be-
tween reactive oxygen species and antioxidant levels has been 
reported [13]. Also it has been observed that free radicals and 
oxidative stress are among factors involved in pathogenesis of  
acute carbon monoxide poisoning and particularly appear to have 
a role in carbon monoxide induced cardio-toxicity [14]. Another 
author held a strong relationship between acute carbon monoxide 
poisoning and free radical and oxidative stress [15].

The findings of  the research showed a significant increase in con-
centration of  vitreous MDA both in the DD and CD, whereas 
vitreous SOD significantly decreased in both study groups though 
more prominent in the CD. Vitreous catalase significantly in-
creased only the DD group, while vitreous GT exhibited no sig-
nificant difference in both groups (Table 1). However, the result 
showed a correlation between acute CO and vitreous GTR, SOD 

and CAT (Table 2, Figure. 1, 2 & 3). The vitreous lipid profiles 
exhibited a pan markedly decreased concentration in the CDs as 
against the DD (Figure 4-8). Similarly, vitreous uric acid was sig-
nificantly decreased only in the CD group, whereas vitreous glu-
cose decreased both in the DD and CD, but more prominent in 
the DD (Table 3).

The patterns of  the oxidative stress markers and the lipid profiles 
showed explicitly that lipid peroxidation is associated with CO 
poisoning death. The destructive tendencies of  free radicals could 
be the basis of  the pan reduction in vitreous lipid profiles and uric 
acids as pinpointed in the study. Cumulatively, the findings of  this 
study could be utilized in the investigation of  CO death confirma-
tion especially in scenario of  decomposition were autopsy is not 
practicable.

Malondialdehyde results from lipid peroxidation of  polyunsatu-
rated fatty acids [28]. The significant increase in vitreous MDA 
among the DD and CD group could be attributed to both post-
mortem changes and CO mechanisms (Table 1). The increase was 

Figure 1. Relationship Between Acute CO Intoxication and Vitreous Glutathione Reductase (GRT).
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Figure 2. Relationship Between Acute CO Intoxication and Vitreous Superoxide Dismutase (SOD).
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more prominent in the CD group and this could be ascribed to in-
sufficient availability of  anti-oxidants utilized for the mopping up 
of  free radicals. The inadequacies observed could be instrumental 
to lipid peroxidation which is consequently reflected by the pan 
reduction in lipid profiles. The research supported the findings of  
Muhammad and Fredrick [29], and Ismail [15] though the severity 
of  exposure could not be ascertained. Contrarily,it contradicted 
the reports of  Miro et al.,[30]; Thom et al., [31] and Guan et al., 
[32] though with different samples. 

Glutathione can act as a scavenger for hydroxyl radicals, singlet 

oxygen, and various electrophiles [33]. The findings of  the study 
showed a non-significant difference in concentration of  vitreous 
GT both in the DD and CD (Table 1). The findings could be 
deduced that vitreous GT is not stimulated in the presence of  
acute grades of  CO; hence a non-significant difference in vitreous 
GT could be used to rule out carbon monoxide poisoning. How-
ever, Pearson correlation established a linear relationship between 
grades of  acute CO and vitreous GTR concentrations (Figure 1). 
This has fortified the above fact that vitreous GTR could serve as 
veritable tool in detection of  acute CO poisoning. 

Figure 3. Relationship Between Acute CO Intoxication and Vitreous Catalase (CAT).
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Figure 4. Mean Total Cholesterol Concentration of  Rabbit Postmortem Vitreous after Exposure to Acute graded Carbon 
Monoxide (CO). Significance difference (p =.00) was observed among all groups using LSD.
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Figure 5. Mean Triglycerides Concentration of  Rabbit Postmortem Vitreous after Exposure to Acute graded Carbon Mon-
oxide (CO). Significance difference (p =.00) was observed among all groups using LSD.
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Superoxide is produced as a by-product of  oxygen metabolism 
and, if  not regulated, causes many types of  cell damage [34]. 
The research findings established a significant decrease in vitre-
ous SOD observed both in DD and CD (Table 1). This finding 
depicted that postmortem and acute CO intoxication are cogent 
proofs of  free radicals generations. The decrease is a product of  
inadequate anti-oxidants utilized for the buffering of  the ravag-
ing free radicals. The mean decrease was more prominent in CD, 
which is a further affirmation of  the heightened free radical gen-
eration orchestrated by acute CO poisoning. The result of  the 
study concur with Ismail et al., [15] and Patel et al., [35] which re-
ported a decrease in concentration of  SOD in comparison to the 
control with a significant negative correlation with COHb level. 
However, the result disagreed with the findings of  Thom et al., 
[31]; Webber et al., [36]; Piantaosi et al., [37]; Hamed et al.,[38] and 

Kavakli et al.,[13]. The Pearson correlational study also showed a 
linear relationship between acute grades of  CO and vitreous SOD 
(Figure. 2). This has further supported the relationship between 
acute CO and vitreous SOD.

Catalase is a common enzyme found in nearly all living organ-
isms exposed to oxygen (such as bacteria, plants, and animals). It 
catalyzes the decomposition of  hydrogen peroxide to water and 
oxygen [39, 40]. The strict significant increase of  vitreous catalase 
only in the DD (Table 1) showed the influence of  postmortem 
change on catalase. Hence, catalases play a significant role in post-
mortem changes especially decomposition involving breakdown 
of  cells and tissues. The non-significant difference observed in 
vitreous catalase in the CD showed explicitly that high concen-
tration of  CO inhibits the mechanism of  action of  catalase or is 

Figure 6. Mean High Density Lipoprotein (HDL) Concentration of  Rabbit Postmortem Vitreous after Exposure to Acute 
graded Carbon Monoxide (CO). Significance difference (p =.00) was observed among all groups using LSD.
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Figure 7. Mean Low Density Lipoprotein (LDL) Concentration of  Rabbit Postmortem Vitreous after Exposure to Acute 
graded Carbon Monoxide (CO). Significance difference (p =.00) was observed among all groups using LSD.
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Figure 8. Mean Very Low Density Lipoprotein (VLDL) Concentration of  Rabbit Postmortem Vitreous after Exposure to 
Acute graded Carbon Monoxide (CO). Significance difference (p =.00) was observed among all groups using LSD.
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utilized for the buffering of  free radicals, hence the stability seen. 
Also the observed strict correlation between acute grades of  CO 
and vitreous catalase (Figure 3) also supported the usefulness of  
vitreous catalase in resolving issues related to acute CO poisoning.
The significant decrease obtained in the lipid profile parameters 
could be due to inhibition in biosynthesis of  lipids or free radical 
activity leading to lipid peroxidation. This correlates with Chat-
terjea and Rana [41] observation which attributed decreased lipid 
profiles by CO to the blockage of  the formation of  cholesterol 
and triglyceride at various stages in the biosynthetic pathways. 
The decrease in cholesterol and triglyceride resulted to the de-
crease seen in the lipoproteins. 

Free radicals are highly reactive, and capable of  damaging almost 
all types of  biomolecules (proteins, lipids, carbohydrate, and nu-
cleic acids). This harmful effect also extends to cells and tissues 
[42-44]. Hence, the free radicals generated during CO poisoning 
have the propensity of  distorting lipids in the system. It is this ef-
fect that cascaded into lipid peroxidation, which in turn reflected 
the pan reduction in concentration of  studied lipid profiles.

Decrease concentration of  uric acid could serve as a strict hall-
mark of  acute CO poisoning and as a promising tool for dif-
ferentiating CO death from that of  disguised. The enzyme xan-
thine oxidase catalyzes formation of  uric acid from xanthine and 
hypoxanthine [44]. In humans and higher primates, uric acid is 
the final oxidation (breakdown) product of  purine metabolism 
and is excreted in urine. In most other mammals, the enzyme 
uricase further oxidizes uric acid to allantoin [45]. The loss of  
uricase in higher primates parallels the similar loss of  the ability 
to synthesize ascorbic acid; leading to the suggestion that urate 
may partially substitute for ascorbate in such species [46]. Both 
uric acid and ascorbic acid are strong reducing agents (electron 
donors) and potent antioxidants. Hence the decrease concentra-
tion of  vitreous uric acid in the CD group could be attributable to 
the toxicity and hypoxic potentials of  CO. Uric acid formation is 
an enzymatic process which involve arrays of  enzymes, hence the 
inhibition of  any of  the enyzmes prior to uricase that convert uric 
acid to allantoin will lead to the decrease in uric acid concentra-
tion. The same mechanism of  inhibition of  the arrays of  enzymes 
in uric acid pathways are used by a lot of  drugs (Sevelamer) for 
renal dysfuction, arthritis and gout management. 

Alternatively, the decreased uric acid could be regarded from oxi-
dative stress point of  view. Uric acid is a known marker of  oxi-
dative stress [41] and may have a potential therapeutic role as an 
antioxidant [47]. Like other strong reducing substances such as 
ascorbate, uric acid can also act as aprooxidant. The decrease in 
vitreous uric acid arises when the concentration of  ROS exceeds 
its buffering capacity. However, the findings of  this study con-
tradict that of  Baillie et al.,[48] which propose that uric acid is 
released in hypoxic conditions.

Moreover, the significant decrease of  vitreous glucose in all the 
comparative groups is entirely due to postmortem mechanisms 
and PMI (Table 3). The research supported the works of  Sip-
pel and Mottonen [49], Bray et al.,[50] and Peclet et al.,[51] that 
showed a decrease in vitreous glucose in postmortem. A rapid 
decrease in vitreous glucose levels during postmortem period is 
due to anaerobic degradation or glycolysis. The decrease may be 
up to 35% in the first hour to 70% after 6 h PMI 5 [4]. The whole 
process of  glycolysis is completed by 3.5 to 7 h after death [52] 

and is time and temperature dependent [52]. The decline in vitre-
ous glucose in the CD group is not as prominent as in the DD 
group. The difference could be attributable to the inhibitory role 
of  CO on the vitreous glucose. Also, the PMI could also be an-
other factor. A further research to establish the inhibitory role of  
CO is advocated.

Conclusion

The study has shown that acute CO poisoning has a proportionate 
effect on some vitreous biochemical parameters associated with 
lipid peroxidation. Such parameters include; lipid profiles, MDA, 
GT, CAT, SOD, uric acid and glucose. These parameters are al-
tered in course of  acute CO poisoning and to an extent could be 
of  help in acute CO poisoning detection and investigation. The 
findings of  this study should be replicated in human subjects so 
as to enhance its applicability in forensic science.
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