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Statins are widely used in the management or inhibition of  several processes that lead to the development of  cardiovascular 
diseases. Increased statin therapy has been related to the induction of  type II diabetes (DM), a state which predisposes to cardi-
ovascular disease (CVD). Statins are well-known to possess anti-inflammatory properties and the ability to disrupt de novo bio-
synthesis of  cholesterol and lipid homeostasis has been implicated in the induction of  inflammatory responses within pancreatic 
β-cells. Inhibition of  β-hydroxy β-methyl glutaryl-CoA (HMG-CoA) results an increased level of  low-density lipoproteins (LDL) 
receptors. Increased LDL receptor numbers will replenish exhausted intracellular supplies, resulting in higher levels of  intracel-
lular cholesterol. Therefore, stimulating immunological response and inflammatory reactions, disrupt the functional integrity of  
the β-cell via oxidation of  the plasma-derived low-density lipoprotein. Despite the pleiotropic effects of  statins on the pancreatic 
β-cell, they have also been reported to affect a number of  other cell types associated with the development of  diabetes. Inhibition 
of  the biosynthesis of  isoprenoid by statins has been associated with the down-stream regulation of  glucose transporter (GLUT 
4) in adipose tissues, which facilitates the uptake of  glucose. This effect resulted in increasing resistance to insulin in the liver, 
muscle, and adipose tissue. Adiponectin, a plasma protein released by adipocytes, alters fatty acids and carbohydrate metabolism 
both in the muscle cells and liver. This process indirectly influences resistance to insulin by the attendant decrease in hepatic glu-
coneogenesis and to upregulate muscular β-oxidation and glucose uptake.

INTRODUCTION

Among the most commonly prescribed drugs worldwide, are 
cholesterol-lowering agents statins - used to manage cardi-

ovascular and other related heart diseases.1 Even though statins 
have been proven to significantly reduce the risk of  cardiovascular 
disease (CVD) and its associated mortality,2 statins therapy may 
lead to an increased risk of  type II diabetes (Figure 1).3

 Statins function by controlling the metabolic pathway 
at the level of  β-hydroxy β-methylglutaryl-CoA (HMG-CoA) re-
ductase in producing cholesterol. HMG-CoA reductase is the 
rate-controlling enzyme in the mevalonate pathway, which is the 
sole contributor to the production of  cholesterol. As a result, it 
is the target for pharmacokinetics to utilize inhibitors to reduce 
the production of  cholesterols while increasing the expression of  
low-density lipoproteins (LDL) receptors.4

 The binding of  statins to the mammalian HMG-CoA re-
ductase at lower concentrations causes a displacement effect of  
the substrate HMG-CoA, which then binds at a concentration of  
micromolar.5 Interactions between HMG-CoA reductase and stat-

Figure 1. Structural Analogue of Statins (Simvastatin)
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ins inhibit the conversion of  HMG-CoA to L-mevalonate, lead-
ing to the inhibition of  down stream cholesterol biosynthesis and 
numerous metabolites such as farnesyl pyrophosphate (FPP) and 
geranylgeranyl pyrophosphate (GGPP1) (Figure 2).

PATHOPHYSIOLOGY AND ETIOLOGY OF TYPE II
DIABETES

Type II diabetes is triggered by a mix of  genetic factors associated 
with compromised insulin secretion, resistance, and environmen-
tal factors including; obesity, stress, overeating, lack of  exercise, as 
well as aging. It has also been reported that Japanese individuals 
may have many diabetes-sensitive genes including thrifty genes. 
The number of  diabetic patients is rapidly increasing, reflecting 
the changes in lifestyle.6

STATINS AND TYPE II DIABETES

Though it is well-documented that statins considerably decrease 
the risk of  developing CVD. Nonetheless, statin chemotherapy 
could lead to an increased risk of  type II diabetes.2 Current theo-
ries of  type II diabetes mellitus include a defect in insulin-mediated 
glucose uptake in muscle, a dysfunction of  the pancreatic β-cells, a 
disruption of  secretory function of  adipocytes, and impaired insu-
lin action in the liver.3

PRECISE MECHANISMS OF DIABETOGENICITY

Statins-induced diabetes remainsun certain; meanwhile, there have 
been several proposed mechanisms, most of  which fall within two 
distinctive domains (Figure 3). The major mechanism associated 
with statin-induced diabetes is β-cell dysfunction, which includ-
ed altered insulin secretion and sensitivity, changes in ion channel 
conductance, and oxidative stress and inflammation.

 Statins may also induce diabetes via the dysregulation of  
insulin secretion endogenously. The major signal for the release 
of  insulin from the pancreatic β-cell is glucose. Glucose is taken 
up into the pancreatic β-cells via glucose transporter 2 (GLUT2), 
where it is phosphorylated to glucose-6-phosphate (G-6-P) by ei-
ther the glucokinase or hexokinase IV enzyme. Subsequently, the 

glycolytic pathway is activated, leading to increased production of  
adenosine triphosphate (ATP), which later closes the ATP-gated 
potassium ion channels resulting in membrane depolarization.

 Depolarized membrane promotes the influx of  calcium 
ion through L-type calcium channels, induce exocytosis of  insulin 
granules. Statins, on the other hand, inhibit voltage-gated calcium 
channels in the β-cells of  the pancreas resulting in decreased insu-
lin secretion and insulin retaining granules exocytosis.7 Rosuvasta-
tin has been shown to have an inhibitory effect on glucose-induced 
insulin secretion through the inhibition of  HMG-CoA reductase, 
rather than the calcium channels of  the pancreas, as this action can 
be reversed by mevalonic acid.

 It has been shown that specific statin drug, rosuvastatin 
influence the secretion of  insulin via the same pathway it affects 
the cholesterol levels. Also, the levels of  coenzyme Q10 can be re-
duced by statins. CoQ10 is a constituent of  the electron transport 
chain involved in the generation of  ATP.8 Delayed production of  
ATP can be a result from reduced levels of  CoQ10 and subse-
quently, diminished release of  insulin.9 Pancreatic β-cell mitochon-
drial dysfunction, skeletal muscle cells, and adipocytes have been 
implicated in the pathogenesis of  diabetes.10-12 Aside from reduced 
secretion of  insulin from pancreatic β-cells, noteworthy evidence 
proposed that insulin sensitivity can be altered with statin-use and 
precipitate widespread insulin resistance. Therefore, it was as-
sumed that diabeto genesis might be related to the consequence 
of  statins on insulin sensitivity in the liver and muscle.13 Inhibition 
of  isoprenoid biosynthesis by statins has been implicated in the 
downregulation of  glucose transporter (GLUT4), which mediates 
glucose uptake in the adipocytes.14 Down regulation of  GLUT4 
results in enhanced resistance to insulin in adipocytes, muscle, and 
liver.

 The metabolism of  carbohydrates and fatty acids in liver 
and muscle influences insulin resistance by reducing hepatic glu-
coneogenesis and upregulating glucose uptake and beta-oxidation 
in the muscle, which is affected by the adiponectin released from 
the adipocytes. Therefore, insulin resistance has been shown to 
have a pathophysiological effection type II diabetes development. 

Figure 2. Inhibition of Cholesterol Biosynthesis Pathway by Statins
Figure 3. Mechanism of Statins- Induced Type II Diabetes
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Although, statins have been shown to have a beneficial effect in 
reducing the susceptibility to cardiovascular events, however, its 
glycemic implication on patients should be examined frequently 
by evaluating the glycemic index irrespective of  the patient devel-
oping diabetes or not. Further studies are important to determine 
whether or not the dose and duration of  statins use could affect 
glycemic control.

STATINS TOXICITY

Statin is not synthesized in the animal or human body. Specific 
statins such as mevastatin, lovastatin, and pravastatin are natural 
statins drug of  fungal origin,and simvastatin is a semi-synthetic 
drug derived from lovastatin. Meanwhile, fully synthetic satins are 
atorvastatin, cerivastatin, fluvastatin, pitavastatin, and rosuvasta-
tin.15,16 The general safety of  statins is widely accepted, but there 
have been reports of  adverse effects resulting in altered renal, he-
patic, and musculature function.17

 The most common adverse effects of  statins are on the 
skeletal muscle, which ranges from a mild myopathy such as cramp, 
fatigability, and exercise intolerance to myotoxicity. In rare cases, 
severe rhabdomyolysis may develop.18 Rhabdomyolysis is a com-
plex health condition characterized by swift dissolution of  dam-
aged muscle with increment in the release of  toxic intracellular 
muscle components. Simvastatin also induces apoptosis in cardiac 
myocytes,19 human skeletal muscle cells,20 T-cells, B-cells, and my-
eloma tumor cells.21 Other possible toxicological effects of  statin 
therapy include-hemorrhagic stroke, depression, and lower test 
osterone, decreased renal function, tendon rupture, elevated liver 
function tests, interstitial lung disease, among others.22
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Aim
A clinical study was conducted to evaluate fingerstick blood as a viable biological matrix for monitoring prescription and illicit 
drugs in a clinical setting on patients undergoing pain and addiction treatment. The current standard for monitoring patients’ 
medication use, misuse, and diversion is urine drug testing (UDT). 
Materials and Methods
This study compared 632 paired urine and fingerstick blood specimens collected at three pain management clinics and one sub-
oxone clinic for 35 drugs and/or metabolites. Plasma from the fingerstick blood was used for the analysis. The urine and plasma 
specimens were analyzed by validated liquid chromatography–tandem mass spectrometry (LC-MS-MS) procedures. The urine 
cutoff  used by most pain testing laboratories were used to identify positive and negative drugs in urine. Limit of  quantitation was 
used to identify positive and negative drugs in plasma. Drugs and/or metabolites were quantified in both urine and plasma using 
deuterium-labeled internal standards.
Results
Results were tabulated for urine and plasma specimens for data analysis. The results showed that 8.7% of  plasma specimens 
detected more drugs compared to the corresponding urine specimens, and 2.2% of  the urine specimens detected a drug that 
was negative in the corresponding plasma specimen. Overall 89.1% of  the specimens had complete agreement between urine 
and plasma specimens for detection. The observed Cohen’s Kappa value for overall drug detection was 0.96 an “almost perfect” 
agreement as characterized by Landis and Koch.
Conclusion
Based on the observed data, the authors conclude that plasma collected from fingerstick blood is a better matrix to monitor pa-
tients currently prescribed pain medications or patients currently undergoing medication-assisted opioid treatment compared to 
urine drug testing.

Keywords
Fingerstick blood; Pain management; Prescription drugs; Opioids; Opiates; Illicit drugs.

INTRODUCTION

Opiates, opioids, and other pain medications are widely pre-
scribed for acute and chronic pain. Physicians try to minimize 

the risk of  misuse, diversion, and addition. While clinical observa-
tions and patient’s self-report are valuable clinical tools, toxicology 

tests provide objective diagnostic data for the recent use of  pre-
scribed and illicit drugs.1 Urine drug testing is predominantly used 
to access the use and misuse of  the prescribed drugs and the use 
of  illicit drugs.2 Oral fluid has been proven to be another biological 
metric in pain management drug monitoring.3,4  Blood specimens 
are used by medical examiners to determine the cause of  drug-re-
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lated overdose death and the concentration of  drug(s) and its me-
tabolites provide the relevant information on therapeutic and toxic 
levels.5 Serum and plasma have been used for the last fifty years 
to monitor the therapeutic level for anticonvulsants, antidepres-
sants, cardiac and other prescription drugs. The committee on the 
“Laboratory Medicine Practice Guideline” for pain management 
drug monitoring recommended urine as the gold standard for pre-
scription and illicit drug monitoring. However, the same journal6 
called for further research in using serum or plasma to monitor 
pain management drugs since pharmacokinetic (PK) studies on 
the opiates, opioids, and benzodiazepines are documented with 
serum or plasma.

 Blood collection from the vein is an invasive collection 
protocol, requiring many pain clinics to staff  a phlebotomist. 
Fingerstick blood has been used for monitoring drug levels.7 Fin-
gerstick blood collection is minimally invasive, and it is an observed 
collection. As a result, fingerstick blood collection eliminates the 
specimen adulteration concern with urine specimens. 

 This study compared plasma from fingerstick blood tests 
to the urine drug tests on patients undergoing chronic pain treat-
ment and patients utilizing medication-assisted opioid treatment. 
The specimens were analyzed for 35 drugs and/or metabolites by 
highly sensitive liquid chromatography-tandem mass spectrometry 
(LC-MS-MS) procedures. 

MATERIALS AND METHODS

Patient and Specimen Collection

The study collected 634 paired fingerstick blood and urine speci-
mens from patients from three pain clinics in three different states 
(TX, OH, MA of  USA), and one suboxone clinic (WV) during the 
period of  March 2017 to November 2017. The patients signed an 
informed consent form and agreed to participate in the study. In-
stitutional review board approval was obtained from Western IRB 
(WIRB20180276). 

 Two to three drops of  fingerstick blood was collected in 
an FDA 510K cleared microtube with heparin as an anticoagulant. 
Subsequently, a urine specimen was collected within 30 min of  the 
fingerstick blood collection. Both fingerstick blood and the urine 
specimens were shipped to Firstox laboratories (Irving, Texas, 
USA).

Laboratory Analysis

Fingerstick blood specimens were centrifuged to separate the plas-
ma and 10 ul of  plasma was used for the analysis. Deuterium la-
beled internal standards were added to the specimen. Drugs and 
metabolites were extracted using solid-phase extraction followed 
by protein precipitation using cold acetonitrile. The extract was 
placed in an evaporator for 20 to 30-minutes at 45 °C to remove 
the solvent. The residue was dissolved in the mobile phase and 20 
ul of  the extract was injected into the LC-MS-MS. 

Table 1. Expanded Agreement Chart

Analyte Serum and 
Urine Negative

Serum and 
Urine Positive

Serum Only 
Positive

Urine Only 
Positive

Observed 
Proportionate 

Agreement (p0)

Probability of 
Random 

Agreement (pe)

Cohen's 
Kappa (K)

Strength of 
Agreement

Oxycodone 462 159 10 1 0.98 0.61 0.95 "Almost Perfect"

Hydrocodone 570 56 5 1 0.99 0.83 0.94 "Almost Perfect"

Fentanyl 598 32 1 1 1.00 0.90 0.97 "Almost Perfect"

Tramadol 607 23 2 0 1.00 0.93 0.96 "Almost Perfect"

Methadone 624 8 0 0 1.00 0.98 1.00 "Almost Perfect"

Buprenorphine 261 371 0 0 1.00 0.52 1.00 "Almost Perfect"

Naloxone 277 338 9 8 0.97 0.50 0.95 "Almost Perfect"

Morphine 573 56 3 0 1.00 0.83 0.97 "Almost Perfect"

Hydromorphone 550 72 3 7 0.98 0.79 0.93 "Almost Perfect"

Codeine 624 6 1 1 1.00 0.98 0.86 "Almost Perfect"

Diazepam 575 54 3 0 1.00 0.84 0.97 "Almost Perfect"

Clonazepam 580 47 3 2 0.99 0.86 0.95 "Almost Perfect"

Alprazolam 590 40 1 1 1.00 0.88 0.97 "Almost Perfect"

Lorazepam 613 19 0 0 1.00 0.94 1.00 "Almost Perfect"

Amphetamine 529 83 17 3 0.97 0.75 0.87 "Almost Perfect"

Methamphetamine 582 42 8 0 0.99 0.86 0.91 "Almost Perfect"

Benzoylecgonine 604 14 14 0 0.98 0.94 0.66 "Substantial"

Gabapentin 330 295 2 5 0.99 0.50 0.98 "Almost Perfect"

Pregabalin 586 43 3 0 1.00 0.87 0.96 "Almost Perfect"

Carisoprodol 628 4 0 0 1.00 0.99 1.00 "Almost Perfect"

Tapentadol 628 4 0 0 1.00 0.99 1.00 "Almost Perfect"

Ketamine 628 4 0 0 1.00 0.99 1.00 "Almost Perfect"

Overall 11836 1771 88 33 0.99 0.77 0.96 "Almost Perfect"
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 Urine was diluted to 1 to 50 ul for analysis. Deuterated 
internal standards were used for qualification. Ten (10) ul of  the 
extract was injected to the LC-MS-MS.

 LC-MS-MS analyses were performed with Sciex 6500 
Plus and two Agilent 1290 Infinity pumps. The mobile phase was 
0.1% formic acid in water and 0.1% formic acid in methanol. The 
High-performance liquid chromatography (HPLC) column was 
Agilent phenyl-hexane 4.6×50 mm.

Data Analyses

Cohen’s Kapa values were calculated for each drug and metabolites 
(Table 1). Cohen’s Kappa value is interpreted according to Landis 
and Koch as follows: less than 0 as poor, 0.00 to 0.2 as slight, 
0.21-0.40 as fair, 0.41-0.60 as moderate, 0.61-0.80 as substantial, 
and 0.81-1.00 as an almost perfect agreement. In addition, mean, 
standard error of  the mean (SEM), median, and lowest concen-
trations and highest concentrations for each drug and metabolites 
were tabulated Table 2.8-10

Table 2. Summary of Drug and Metabolite Concentrations in Plasma and Urine Specimens

Serum Urine

Analyte N Mean±SEM 
(ng/mL)

Minimum 
(ng/mL)

Maximum 
(ng/mL) N Mean±SEM 

(ng/mL)
Median 
(ng/mL)

Minimum 
(ng/mL)

Maximum 
(ng/mL)

Oxycodone 165 42.17±6.91 0.18 661.70 151 2092.73±188.09 1378.50 1.10 10373.50

Noroxycodone 164 31.79±2.79 0.22 268.70 158 4499.66±436.89 2180.40 12.10 29295.40

Oxymorphone 167 19.42±2.96 0.03 355.00 157 1357.47±154.92 619.20 1.20 12871.20

Hydrocodone 61 45.45±13.91 1.12 774.00 57 1214.46±166.54 706.05 1.30 4659.10

Norhydrocodone 61 9.28±1.46 0.40 77.70 56 1642.99±266.35 1046.60 11.60 9760.00

Fentanyl 33 17.57±9.19 0.10 255.70 33 48.55±13.41 24.90 1.60 353.80

Norfentanyl 31 1.28±0.48 0.02 13.70 34 296.16±90.85 131.00 2.00 2977.40

Tramadol 25 252.15±86.93 9.00 2160.00 23 8950.96±2335.73 5000.00 2.20 42819.60

O-Desmethyltramadol 25 165.99±78.66 0.53 1972.00 21 10012.65±2819.15 4226.90 33.40 46723.50

Methadone 8 96.73±26.19 6.00 242.40 8 1441.56±310.16 1054.90 181.00 2956.60

EDDP 8 18.11±5.93 2.10 46.60 8 3250.71±1347.12 1956.35 129.00 12692.20

Buprenorphine 369 14.69±3.25 0.10 971.00 369 317.56±27.06 166.05 2.10 6705.30

Norbuprenorphine 369 8.80±0.53 0.04 137.80 370 1014.23±407.08 383.00 3.00 146139.30

Naloxone 347 8.76±1.28 0.02 223.60 346 438.12±32.32 284.30 1.30 7373.90

Morphine 59 266.05±41.57 0.10 1953.10 56 13035.63±2249.51 8137.20 3.80 93875.80

Hydromorphone 80 16.91±4.81 0.03 342.10 79 1266.06±262.78 287.70 3.00 14630.50

Codeine 7 150.12±73.22 0.23 597.90 7 13341.09±6128.58 5317.00 88.20 43464.00

Diazepam 54 288.70±63.75 0.17 2547.90  

Nordiazepam 58 384.55±69.80 0.03 2587.60 53 775.59±185.24 172.10 1.70 5000.00

Oxazepam 56 55.28±12.77 0.20 444.70 57 1362.69±257.81 433.00 5.00 8971.40

Temazepam 53 92.73±20.23 0.10 740.00 51 1171.03±231.31 434.00 1.10 8395.00

Clonazepam 47 11.22±1.24 0.77 44.30  

7-Aminoclonazepam 50 15.96±1.75 1.09 60.80 49 374.43±62.72 271.90 32.70 2307.90

Alprazolam 39 26.54±5.09 0.58 149.30

Alpha-Hydroxyalprazolam 32 3.06±0.63 0.10 19.00 41 350.83±72.42 179.80 1.60 2102.30

Lorazepam 19 47.63±11.40 1.90 177.20 19 748.12±244.64 490.70 17.20 4966.20

Amphetamine 100 80.60±17.96 0.71 1538.70 86 6013.54±951.91 2150.55 15.20 44126.20

Methamphetamine 50 352.09±138.43 2.40 6395.70 42 9996.97±3337.52 817.80 5.50 99112.10

Benzoylecgonine 28 73.85±21.79 2.40 563.20 14 21668.63±9862.92 8506.45 0.60 142434.80

Gabapentin 297 1357.14±78.76 1.29 13712.00 300 43418.92±3871.90 10152.00 9.20 533675.20

Pregabalin 46 2419.56±366.37 2.50 10790.00 43 68364.87±9744.12 57794.80 33.60 280906.20

Carisoprodol 4 1079.26±472.11 3.73 2140.20 3 591.93±223.62 775.60 53.20 947.00

Meprobamate 3 3215.00±258.18 2610.00 3677.00 3 27443.9±11443.46 14684.00 12209.60 55438.10

Tapentadol 4 374.98±120.36 114.90 668.50 4 17749.40±11041.31 5000.00 5000.00 55997.60

N-desmethyltapentadol 4 119.35±66.58 11.20 340.40 4 3985.23±1189.89 3639.30 1292.10 7370.20

Ketamine 4 152.40±74.29 108.95 8.70 383.00

Norketamine 4 15.93±4.09 2.50 24.30 4 95.45±14.05 83.20 72.00 143.40

Butalbital 12 921.98±222.48 61.10 2787.70 6 1061.15±413.15 683.50 239.40 3256.70
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RESULTS

Agreement Between Plasma and Urine

Comparison of  LC-MS/MS results for fingerstick plasma with 
those of  the corresponding urine specimen is shown in Table 3. 
Cutoff  values showing the limit of  quantitation used for the Co-
hen’s Kapa calculations are shown in Table 4. Benzoylecgonine, a 
cocaine metabolite, was observed more frequently in plasma versus 
urine at the established cutoff  values. The cutoff  for benzoylecgo-
nine was 50 ng/ml in urine and 2 ng/ml in plasma. More frequent 
positive results were observed in plasma specimens for metham-

phetamine with the limit of  quantitation (LOQ) of  50 ng/ml in 
urine and 2 ng/ml in plasma. Few specimen pairs had a positive 
result in urine specimen without any detection in the correspond-
ing plasma specimen (Table 5). Examining these results, it was 
observed that six pairs were gabapentin positive with a very low 
urine concentration around 50 to 100 ng/ml, and eight pairs were 
naloxone positive at very low concentrations in urine. In seven 
specimens, hydromorphone was detected in urine as a metabolite 
of  hydrocodone or morphine, and the corresponding plasma spec-
imens did not detect any hydromorphone. Clinically, none of  the 
hydromorphone positives in which hydromorphone was detected 
as a metabolite of  morphine or hydrocodone were signification 

Table 3. Agreement Between Plasma and Urine Drug Detection by Individual Metabolite

Analyte Total Positives Serum Only Positive Urine Only Positive Serum and 
Urine Positive

Oxycodone 168 17 10.1% 3 1.8% 148 88.1%

Noroxycodone 167 9 5.4% 3 1.8% 155 92.8%

Oxymorphone 169 12 7.1% 2 1.2% 155 91.7%

Hydrocodone 62 5 8.1% 1 1.6% 56 90.3%

Norhydrocodone 61 5 8.2% 0 0.0% 56 91.8%

Fentanyl 34 1 2.9% 1 2.9% 32 94.1%

Norfentanyl 34 0 0.0% 3 8.8% 31 91.2%

Tramadol 25 2 8.0% 0 0.0% 23 92.0%

O-Desmethyltramadol 25 4 16.0% 0 0.0% 21 84.0%

Methadone 8 0 0.0% 0 0.0% 8 100.0%

EDDP 8 0 0.0% 0 0.0% 8 100.0%

Buprenorphine 370 1 0.3% 1 0.3% 368 99.5%

Norbuprenorphine 371 1 0.3% 2 0.5% 368 99.2%

Naloxone 355 9 2.5% 8 2.3% 338 95.2%

Morphine 59 3 5.1% 0 0.0% 56 94.9%

Hydromorphone 87 8 9.2% 7 8.0% 72 82.8%

Codeine 8 1 12.5% 1 12.5% 6 75.0%

Nordiazepam 58 5 8.6% 0 0.0% 53 91.4%

Oxazepam 58 1 1.7% 2 3.4% 55 94.8%

Temazepam 55 4 7.3% 2 3.6% 49 89.1%

Clonazepam^ 52 3 5.8% 2 3.8% 47 90.4%

7-Aminoclonazepam

Alprazolam^ 42 1 2.4% 1 2.4% 40 95.2%

Alpha-Hydroxyalprazolam

Lorazepam 19 0 0.0% 0 0.0% 19 100.0%

Amphetamine 103 17 16.5% 3 2.9% 83 80.6%

Methamphetamine 50 8 16.0% 0 0.0% 42 84.0%

Benzoylecgonine 28 14 50.0% 0 0.0% 14 50.0%

Gabapentin 302 2 0.7% 5 1.7% 295 97.7%

Pregabalin 46 3 6.5% 0 0.0% 43 93.5%

Carisoprodol 4 1 25.0% 0 0.0% 3 75.0%

Meprobamate 3 0 0.0% 0 0.0% 3 100.0%

Tapentadol 4 0 0.0% 0 0.0% 4 100.0%

N-desmethyltapentadol 4 0 0.0% 0 0.0% 4 100.0%

Norketamine 4 0 0.0% 0 0.0% 4 100.0%

^For Clonazepam and Alprazolam, the specimen was considered positive in plasma if either parent drug or metabolite was positive.
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Table 5. Summary of Plasma and Urine Agreement

Total Number of Specimen Pairs 632

Specimen Pairs with Plasma/Urine Positive Agreement 553 89.1%

Specimen Pairs with Plasma Only Positives 55 8.7%

Specimen Pairs with Urine Only Positives 14 2.2%

*Note: Drug/Metabolite combinations were considered one drug. Individual 
metabolites were not counted as multiple positives. For example: Oxycodone, 
Oxymorphone, and Noroxycodone were considered one drug.

Table 4. LOQ for Drugs/Metabolites in Plasma and Urine

Drug/Metabolite
Serum           

LC-MS/MS   
LOQ (ng/mL)

Urine 
LC-MS/MS LOQ 

(ng/mL)
Drug/Metabolite

Serum 
LC-MS/MS 

LOQ (ng/mL)

Urine 
LC-MS/MS LOQ 

(ng/mL)

Oxycodone 2 50 Diazepam 2 N/A

Noroxycodone 2 50 Nordiazepam 2 50

Oxymorphone 2 50 Oxazepam 2 50

Hydrocodone 2 50 Temazepam 2 50

Norhydrocodone 2 50 Clonazepam 2 N/A

Fentanyl 0.1 2.5 7-Aminoclonazepam 2 50

Norfentanyl 0.2 2.5 Alprazolam 2 N/A

Tramadol 2 50 Alpha-Hydroxyalprazolam 2 50

O-Desmethyltramadol 2 50 Amphetamine 2 50

Methadone 2 50 Methamphetamine 2 50

EDDP 2 50 Benzoylecgonine 2 50

Buprenorphine 0.1 2.5 Gabapentin 50 100

Norbuprenorphine 0.2 2.5 Pregabalin 5 50

Naloxone 0.2 2.5 Carisoprodol 5 50

Morphine 2 50 Meprobamate 5 50

Hydromorphone 2 50 Tapentadol 2 50

Codeine 2 50 N-desmethyltapentadol 2 50

Lorazepam 2 50 Norketamine 2 50

for patient compliance with the drug. Overall, the agreement with 
a Cohen’s Kappa value of  0.96 between fingerstick plasma speci-
mens and the urine specimens is an excellent agreement.

DISCUSSION

Fingerstick plasma specimens were evaluated to be used as an al-
ternative to urine for compliance monitoring of  pain patients’ pre-
scription and illicit drug use. LC-MS/MS was used to analyze both 
fingerstick plasma and urine. Typically, pain testing toxicology labs 
screen urine by immunoassay and confirm by LC-MS/MS. This 
work compared both fingerstick plasma and urine specimens using 
the same high sensitivity LC-MS/MS methods. As a result, this 
protocol eliminated false-negative results in urine due to the high 
immunoassay cutoff  and low cross-reactivity with some opiates, 
opioids, and benzodiazepines.11

 Adulteration and substitution are great concerns with 
urine drug testing.12 Fingerstick blood collection is directly ob-
servedand eliminates adulteration and substitution. Pharmacoki-

netic studies for all prescription drugs have been submitted for 
Food and Drug Administration (FDA) approval, and the drug con-
centrations are documented in serum or plasma. In addition, all 
the pain management drugs have established therapeutic and toxic 
levels in published literature. Furthermore, serum or plasma has 
established steady-state levels while there is no reliable relationship 
between urine drug concentration and dose of  drug that was in-
gested or administered.1 Therefore, the concentrations of  drugs in 
plasma have much more pharmacological meaning than the drug 
concentrations in urine. Drugs like gabapentin and pregabalin are 
detected in very high concentrations for the prescription doses. 
Typical toxicology labs report the concentration as greater than 
10000 ng/ml, which does not provide any information beyond 
a qualitative result. The fingerstick plasma result report provides 
therapeutic and toxic ranges for the prescribed drugs.13

 It has been reported that many pain management physi-
cians were charged and convicted if  a pain patient died. Documen-
tation of  the blood concentrations reduces the physician’s liability 
in case of  adverse events with the patients.14

CONCLUSION

Fingerstick plasma drug testing provides a clinically effective way 
to monitor patients currently prescribed pain medications or un-
dergoing medication-assisted opioid treatment for both prescrip-
tion and illicit substances. Compared to UDT, fingerstick plasma 
drug testing produces nearly identical positive results, and can 
detect lower concentrations of  drugs, providing physicians with 
a reliable means of  medication monitoring and detection of  illicit 
substances.

9Original Research | Volume 5 | Number 1|
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Background
Decontamination is a critical medical counter measure in reducing toxic exposure following poisoning. Little is known on the 
effectiveness of  this procedure and its impact in the context of  preventing secondary exposure of  healthcare workers and sec-
ondary contamination of  facilities. Presented here is a case of  dimethoate poisoning that required a prolonged period of  skin 
decontamination to remove residual skin contamination. 
Case Report
A young gardener consumed dimethoate at the workplace witnessed by a colleague who called the emergency services immedi-
ately. Paramedics noted the patient to be drowsy with stable vital signs and 100% oxygen saturation. En-route to the hospital the 
patient vomited multiple times and was drenched in vomitus with a pungent odour. Upon arrival at the emergency department 
(ED), vital signs remained stable with a Glasgow Coma Scale (GCS) of  10. Due to gross external contamination from the vomitus 
and pungent odours emanating suggestive of  chemical fumes off-gassing, the hospital decontamination shower was activated for 
patient decontamination. Staff  donned protective suits and proceeded to disrobe and bag all the patient’s clothing before shower-
ing the patient for 10-minutes using soap and water. Post-decontamination a chemical agent monitor (CAM) were used to screen 
for residual chemicals following the hospital’s decontamination protocol. The chemical alarm was triggered twice, first around the 
left mastoid region and again just below the left breast. This required targeted re-showering for a further 10-minutes before patient 
was finally cleared of  contamination. Subsequently, the patient was given atropine (2.4 mg) and pralidoxime (1 g) followed by an 
infusion at the intensive care unit (ICU). The patient made an uneventful recovery and was discharged 5-days later.
Conclusion
This case of  dimethoate poisoning is notable for the prolonged period of  skin decontamination to remove residual skin con-
tamination and illustrates potential implications to patient and health care worker safety. Past mass casualty incidents involving 
chemicals, such as the sarin attack in Tokyo, highlight the high incidence of  secondary exposures amongst healthcare workers due 
to the lack of  casualty decontamination. As a result, many hospitals have developed capacity to conduct rapid and timely decon-
tamination at their premises to prevent further complications from secondary chemical exposure. However, the effectiveness of  
this process of  decontamination needs further evaluation.

Keywords
Contaminated casualty; Decontamination; Dimethoate; Poisoning; Hazardous material incident; Organophosphorus compounds.

INTRODUCTION

Organophosphorus (OP) compounds are widely used as pes-
ticides in countries where agriculture forms a predominant 

part of  the economy. Poisoning from exposure to OP are uncom-

mon in the Singapore context with its limited use posing exposure 
hazard in certain high-risk occupations. However, with the increas-
ing availability of  potent industrial and chemical warfare agents, 
the possibility of  it landing in the wrong hands is high and the 
potential for mass casualty incidents from terrorism have height-
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ened. The sarin incident in Tokyo subway in 1995,1 had set the 
stage for a new reality in todays’ world. Disgruntled members of  
a cult had used nerve agents, usually meant as weapons in warfare, 
on unsuspecting civilians resulting in mass casualties. This inci-
dent had demonstrated a high incidence of  secondary exposures 
amongst healthcare workers as a result of  lack of  casualty decon-
tamination.2,3 The significant morbidity and mortality from toxic 
exposures in chemical incidents are well appreciated and the acute 
and chronic consequences of  secondary exposure to healthcare 
and emergency responder is notable.4-9 Since the Tokyo incident, 
there have been many other occasions where nerve agents have 
been used by individuals and governments on civilians.10,11 Appre-
ciating this situation and the dire consequences of  secondary ex-
posure, there have been recommendations for countermeasures, 
such as mass casualty decontamination to be made readily available 
at healthcare facilities to deal with chemical contamination spread 
and to limit the damage from ongoing chemical exposures.12-16 This 
case of  dimethoate poisoning, a commonly used industrial OP, is 
notable for the prolonged period of  skin decontamination to re-
move residual skin contamination and illustrates potential implica-
tions for patient and health care worker safety.

CASE REPORT

A young gardener consumed dimethoate at the workplace in a sui-
cidal attempt. The victim developed vomiting, abdominal discom-
fort and urge to defecate and was noted to be increasingly drowsy 
by a colleague who called the emergency ambulance service. 

 Paramedics noted the patient to be drowsy and diapho-
retic but otherwise haemodynamically stable with 100% oxygen 
saturation. While being evacuated a prehospital stand-by activation 
message was sent to the receiving emergency department (ED) to 
prepare for arrival of  a critically ill patient. En-route the patient 
vomited multiple times and was drenched in vomitus. 

 On arrival in the resuscitation area of  the ED, the patient 
was diaphoretic, with Glasgow Coma Scale GCS of  10 (E2V3M5) 
and pupils 2 mm reactive. The patient was afebrile with blood pres-
sure of  116/72 mm of  Hg and pulse rate of  106 per minute. The 
patient was tachypnoeic but maintaining airway with a respiratory 
rate of  20 per minute and oxygen saturation of  98% on room 
air. It was noted that vomiting had stopped, but patient’s clothes 
were drenched in vomitus emanating a pungent odour suggestive 
of  chemical fumes off  gassing. There was excessive salivation and 
crepitation in the lung bases. The clinical picture was consistent 
with OP poisoning with features of  cholinergic toxidrome. 

 As the patient was clinically stable, and in view of  the 
significant external contamination with potential risk of  further 
cutaneous absorption and secondary exposure to health care work-
ers (HCW) and facility, decision was made to perform external de-
contamination at the hospital decontamination station (HDS)17 
located just outside the ED entrance. 

 The HDS shower was deployed and ED staff  donned 
personal protective equipment (PPE) comprising impermeable de-

contamination suits with air purifying respirators prior to starting 
the decontamination process. The patient was disrobed, and the 
clothing bagged before proceeding with showering using water and 
liquid soap-soaked sponges. Following the hospital’s decontami-
nation protocol,18 the patient was showered systematically from 
head to toe, covering the entire body surface area. The shower 
took 10-minutes and the patient was then brought to the drying 
area and dried before a systematic chemical agent screen was ini-
tiated from head to toe using the chemical agent monitor (CAM), 
ChemPro100i from Environics. After the initial shower, the first 
CAM scan sounded an alarm around the region of  the patients 
left mastoid indicating the presence of  an unidentified industri-
al chemical. The patient was moved back into the HDS to get a 
targeted shower for the specified area using soap and water for 
5 more minutes. Following the second shower patient was again 
dried and scanned. The CAM alarm sounded the second time at a 
region below the left breast again indicating the presence of  an un-
identified industrial chemical. The patient was moved back into the 
HDS for a repeat targeted decontamination of  the contaminated 
site for an additional 5 more minutes. Following this third and final 
shower, the CAM did not trigger again, and the patient was clothed 
with hospital gown before being brought back to the resuscitation 
area for further management. Notably it took a total of  20-minutes 
of  showering with soap and water before the patient was declared 
clean, excluding preparation time for the deployment of  the de-
contamination showers and crew. The entire process took a total 
of  56-minutes based on video footage from activation of  the HDS 
until completion of  the decontamination process.

 Upon return to the resuscitation area patient was put on 
vitals monitoring and reassessed. A random blood glucose done 
was 13.8 mmol/L and electrocardiograph showed sinus tachycar-
dia. Chest X-ray showed prominent pulmonary vasculature with 
mild congestion. Blood investigations including a full blood count, 
electrolytes, liver function, amylase were normal except for hy-
pokalaemia of  2.9 mmol/L, glucose of  14.4 mmol/L and serum 
amylase of  203 U/L (38-149 U/L). The initial red blood cell cho-
linesterase was 4293 (7700-14600 U/L) and serum cholinesterase 
level was low 1502 (range 4700-12000 U/L) with further drop to 
below 1000 over the next 2 days in keeping with OP poisoning. 

 The patient was given a total of  2.4 mg atropine and 
was started on pralidoxime 1 g at the ED followed by continuous 
infusion of  atropine and pralidoxime for the next 24-hours. The 
patient remained haemodynamically stable with improvement in 
respiration and clearing of  crepitation’s in the lungs. While in the 
ED, patient’s consciousness level improved to GCS 13 (E3V4M6) 
becoming more responsive to questioning. The patient was admit-
ted to the medical intensive care unit (ICU) for monitoring where 
clinical condition improved over the next 24-hours before being 
sent to the general ward. The patient was referred to psychiatrist 
for evaluation in the ward and had an uneventful recovery and was 
subsequently discharged well from hospital 5-days later.

DISCUSSION

Dimethoate is significantly absorbed via the dermal and respirato-
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ry route, when used as a pesticide by workers in the occupational 
setting. This exposure can be reduced with the use of  appropriate 
dermal and respiratory protection.19 Hence it is critical that these 
patients have proper decontamination as part of  medical therapy 
to reduce absorption and toxicity. The standard decontamination 
protocol in our setting involves disrobing followed by 10-minute 
shower using soap sponges and water. In our patient, due to the 
persistence of  skin contamination repeated showering was done 
for a prolonged total time of  20-minuted econtamination. The ac-
tual reason for this is uncertain but is postulated to be related to its 
chemical stability in aqueous solution and presence of  petroleum 
distillates which resulted in persistence of  the chemicals on the 
skin.

 There are a variety of  decontaminant solutions and pow-
ders that may contribute to effective decontamination. In a study, 
involving decontamination with reactive skin decontaminant lotion 
(RSDL) at different times in hairless guinea pigs percutaneously 
challenged with venomous agent X (VX) a potent low volatile 
nerve agent, it was noted that the compound persisted on the skin 
for prolonged period providing a long window of  opportunity for 
decontamination even after 90-minutes post exposure.20 The study 
concluded that, decontamination of  VX-exposed skin is one of  
the most important countermeasures to mitigate the effects of  ex-
posure and the delay in absorption presents a window of  opportu-
nity for decontamination and treatment. However, the use of  such 
decontamination solutions in the clinical context requires further 
study.

 Most international mass casualty decontamination guide-
lines do not include screening for residual contamination post-de-
contamination due in part to resource and time constraints.21-23 As 
demonstrated in our case, it is incorrect to assume that patients are 
cleared of  contamination after initial rapid decontamination. How-
ever, it is unclear as to the clinical significance of  residual chemi-
cal contamination following a single shower and further research 
will need to be done to demonstrate its effectiveness. To make the 
decontamination process robust, it will be prudent to screen casu-
alties for residual contamination following initial decontamination 
to ensure patient safety from further cutaneous exposure and the 
safety of  staff  who will be managing the patient subsequently. 
Hence, the need for further evaluation using CAM post decontam-
ination to confirm before being cleared for entry into the receiving 
hospital should be considered crucial to prevent escalation.24

 Dimethoate belongs to the same class of  toxic OP com-
pounds used in chemical warfare as nerve agents. These nerve 
agent analogues are commonly used as pesticides and readily avail-
able are considered potential agents for chemical terrorism.25 

 Organophosphorus poisoning is known to occur from 
intentional ingestion or accidental exposure in the occupational 
setting. It has been the choice agent in some recent assassination 
attempts including Kim Jong-Nam and the former Russian spy 
Sergei Skripal and his daughter, Yulia.26,27 In the last two decades, 
terrorism with OP agents have become an increasing concern and 
the potential for mass casualty incidents involving such chemicals 

remain high.28,29 Lessons from past incidents involving OP expo-
sure have demonstrated the risk of  secondary exposure of  emer-
gency first responders, HCW and the significant impact on the 
hospital facility from secondary contamination.30-32 

CONCLUSION

The chemical incidents in the past, had demonstrated the high inci-
dence of  secondary exposures amongst healthcare workers as a re-
sult of  lack of  casualty decontamination. This case report suggest 
that effective decontamination takes time to achieve its intended 
objective and need verification for quality control. Extrapolating 
this experience to hazmat mass casualty incidents, it is important 
to note that rapid decontamination of  casualties in the field or hos-
pital may have limitations. Measures to ensure effectiveness of  de-
contamination are paramount to ensure staff  and patient safety.33
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Carbon monoxide (CO) is a toxic gas produced as a result of  incomplete combustion of  organic materials. The source of  CO 
production is very common especially in nations that depend on power generating sets for electricity. Chronic disease is non-com-
municable and usually takes a longer time to manifest. Examples are kidney failure, diabetes mellitus, hypertension, cancer, and 
cardiac arrest. These diseases are now very common in society, not sparing the youthful population that was rare ab initio. The 
major difficulty in the containment of  chronic diseases is the inability to establish a definitive causative agent. The definite causa-
tive agent is important in public health and management of  chronic diseases. Preventive medicine is anchored on establishing the 
causative agent of  a disease. Without knowing the causative agent of  a disease, the path to prevention becomes very cumbersome. 
The knowledge of  the causative agent of  a disease is the bedrock of  preventive medicine and public health. Several reasons such 
as lifestyle modification, hereditary, climate change, nutrition or aging have been adduced as the cause of  chronic diseases. These 
reasons are quite weak and not definite. The exact causative agent(s) of  chronic diseases is a conundrum that needs a deliberate 
study and review so as to enhance definite diagnosis, preventive measures and appropriate therapeutic intervention. Measure-
ment of  biochemical and haematological parameters are employed in disease diagnosis and management. Alterations of  these 
parameters are used to identify chronic diseases and also form part of  an alarm system of  a potential breakdown of  the normal 
functioning of  the body. The effect of  chronic CO intoxication on these parameters could be of  importance in establishing caus-
ative agent(s) of  diseases that are for long opaque and non-definite. This review was therefore designed to interrogate various 
narratives, meta-analysis, and researches on this subject. Explicit knowledge of  the pattern or presentation of  biochemical and 
haematological parameters arising from chronic CO intoxication could be of  great importance in preventive medicine, disease 
diagnosis and appropriate therapeutic intervention.

Keywords
Biochemical parameters; Haematological parameters; Chronic diseases; Carbon monoxide; Chronic intoxication.

INTRODUCTION

Carbon monoxide (CO) is a noxious, tasteless, colourless, 
odourless and nonirritant gas formed as a result of  the incom-

plete combustion of  organic materials due to insufficient supply 
of  oxygen to enable complete oxidation to carbon dioxide (CO2).

1 
It is nicknamed angelic gas due to its euphoric and nerves relaxa-
tion nature. The euphoric nature originates from nerve relaxation 
and oxygen denial to vital organs such as the brain that aids con-
sciousness and rapid response to stimuli. 

 Carbon monoxide has an affinity of  about 200 to 300 
times for haemoglobin (Hb) than oxygen (O2). The reaction 
between CO and Hb results in the formation of  a more stable 
molecule called carboxyhaemoglobin.1 The formation of  carbox-
yhaemoglobin renders haemoglobin incapable of  carrying and 
transporting oxygen; resulting in tissue hypoxia. As long as CO is 
present in the atmosphere, it goes on bonding with haemoglobin, 
leading to acute chemical asphyxia.1 The denial of  the body of  
oxygen is very precarious as most organs survive on its availability. 
This attribute of  occlusion of  the body to oxygen supply is the 
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basis of  the classification of  CO as an asphyxiant. 

 The mechanism of  action of  carbon monoxide is not 
only perpetrated by decreasing the concentration of  oxygen con-
tent of  blood but also reducing oxygen availability to tissues. The 
cumulative decreased concentration and non-availability of  oxygen 
to tissues lead to a greater degree of  tissue hypoxia than an equiv-
alent reduction in oxyhaemoglobin caused by hypoxia.2 Carbon 
monoxide also binds to other haem proteins, such as myoglobin 
and mitochondrial cytochrome oxidase a3, which further limits ox-
ygen use when tissue partial oxygen pressure (PO2) is low. 

 The pathophysiology of  CO poisoning is a derivation of  
hypoxia which usually cut off  or reduce the supply of  oxygen to 
vital organs that control the entire body’s systems. Organs most 
impacted are the brain and heart.3 Others are kidney, pancreas and 
liver. The concentration of  CO exceeding 100 ppm could be very 
harmful to humans and animals alike. Symptoms of  CO poison-
ing are dependent on the concentration and duration of  exposure. 
Symptoms such as dizziness, sweating, headache, dim vision, trem-
or and loss of  consciousness are most common.4 

 Carbon monoxide poisoning is the inhalation of  large 
quantities of  CO that is harmful to the body. This could result in 
morbidity or mortality based on the concentration of  CO inhaled, 
the health status and age of  the victim. According to the U.S. En-
vironmental Protection Agency (EPA), major sources of  carbon 
monoxide include generators and other gasoline powered equip-
ment, and automobile exhaust.

 The minimum power supply need in Nigeria is estimat-
ed to be 100,000 megawatt, yet production is currently at 5% of  
the minimum need.5-7 This great deficit of  approximately 95,000 
megawatt has elicited the use of  generating sets as an alternative 
power source in homes, in industries and big infrastructures, and 
organizations. This has created unrestrained inhalation of  CO with 
its attendant health implications. The bad transport network and 
poor regulatory system to gas emissions have further worsened the 
exposure to CO by the citizens of  Nigeria.

 The leap in chronic non-communicable diseases in Ni-
geria is of  major public health concern. Exposures to toxic gases 
repeatedly could be associated with chronic diseases as shown in 
literature. This gap calls for a deliberate review of  the literature in 
relation to the alterations of  biochemical and haematological pa-
rameters occasioned by the incessant inhalation of  CO. Hence, this 
review is designed to explore the various frontiers of  biochemical 
and haematological compromises resulting from chronic CO in-
toxication. The compromises could be used in defining idiopathic 
diseases that are of  public health concern in Nigeria and the world 
at large. 

SERUM AND VITREOUS TOTAL PROTEIN

The human body contains thousands of  different proteins. Many 
are structural elements of  cells or organized tissues; others are 
soluble in intracellular or extracellular fluids. The proteins most 
amenable to routine laboratory evaluations are those in blood, 

vitreous humour, urine, cerebrospinal fluid (CSF), amniotic fluid, 
saliva and peritoneal or pleural fluids.8 Total protein majorly repre-
sents the sum of  albumin and globulins. Soluble proteins are used 
in the diagnosis and management of  several systemic disorders or 
abnormalities. 

 A study spearheaded by Dr. E.S. Agoro revealed a signifi-
cant decrease in concentrations of  serum and vitreous total protein 
and globulin and, an increase in A/G ratio in rabbits consistently 
exposed to mild CO concentration for a long period Agoro et al.9 
They attributed the decrease to immune-suppression. Globulins 
are immune proteins produced in response to infection, inflam-
mation or toxicity. The authors stated that consistent exposure to 
CO could result in depression of  the immune system which was 
reflected in the subsequent fall in globulin concentration. A fall 
in globulin concentration and an increase in the A/G ratio have 
been established as a pattern presented in immune depression or 
suppression.10 

 However, another study has revealed that CO poisoning 
could create a complex pattern of  rises in acute phase reactants 
and proteins associated with inflammatory responses, including 
chemokines/cytokines and interleukins. Fourteen protein concen-
trations were shown to be significantly different from control in all 
CO groups, including patients with nominal carboxyhaemoglobin 
elevations and relatively brief  intervals of  exposure.11

 The above lines of  thoughts have established the palpable 
impact of  chronic CO intoxication on the immune system. Hence, 
chronic intoxication of  CO has the preponderance of  opening the 
floodgates of  diseases associated with immune compromise.
 
SERUM AND VITREOUS LIPID PROFILE

The term lipid applies to a class of  compounds insoluble in water, 
but soluble in organic solvents such as chloroform. Chemically, 
lipids yield fatty acids on hydrolysis, or can react with complex 
alcohols to form esters.2 Lipid profile or panel is a battery of  in-
vestigations that serve as an initial broad medical screening tool for 
abnormalities in lipids, such as cholesterol and triglycerides. Major 
investigations constituting lipid profile includes total cholesterol, 
triglyceride, high-density lipoprotein (HDL), and low-density lipo-
protein (LDL). 

 The long-term effect of  CO on serum and vitreous lipid 
profiles could be used to explain the rising incidence of  heart dis-
eases and cardiac failures. A study observed a decrease in heart rate 
and pulse pressure in isolated rat hearts exposed to CO intoxica-
tion.12 Carbon monoxide exposure has also been implicated in the 
process of  atherosclerosis. Studies using rabbits and monkeys have 
reported an accumulation of  cholesterol in the aorta, coronary ar-
teries and endothelial tissues resulting from CO exposure.13 In the 
same vein, in vitro studies on CO exposure have been demonstrated 
to have a deleterious effect on the circulatory system.14-17 

 The investigation of  the impact of  gas flaring on the lipid 
profile of  the dwellers of  the Niger Delta region of  Nigeria re-
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vealed amazing results.18 They revealed that serum concentrations 
of  triglycerides, LDL, and very low-density lipoproteins (VLDL) 
were elevated compared to the control. In the same study, they 
revealed a decrease in the concentration of  serum HDL. Carbon 
monoxide is the major component of  gas flares; hence, it could 
infer that the elevations of  the lipids as observed could be attribut-
able to the concentration of  CO in the environment.

 Furthermore, the cholesterol component of  LDL con-
centration was discovered to increase in concentration due to car-
bon monoxide poisoning as posited by Alcindor et al.19 Thus, the 
aggravating effect of  carbon monoxide exposure on the athero-
genic properties of  this lipoprotein could accelerate the develop-
ment of  atherosclerosis in rabbits. 

 In contrast, a study showed a significant decrease in the 
concentration of  serum and vitreous lipid profiles, except for tri-
acylglycerol.20 The authors argued that the fall in the concentra-
tion of  plasma and vitreous lipid profile (except serum triglyceride 
(TG)) could be attributable to massive infiltration of  lipids into 
the body’s cells or as a result of  oxidative peroxidation originating 
from free radicals generated by CO.

 The above narratives on the effect of  chronic CO intox-
ication on lipid profile are a clear exposition of  the harmful effect 
of  CO on the entire body functions. Dysfunctional lipid profile is 
clinically an implication of  circulatory and insulation distortions, 
which is evident in countless disease conditions.

SERUM AND VITREOUS ELECTROLYTES

Electrolytes are substances that become ions in solution and ac-
quire the capacity to conduct electric energy.20 They are present in 
the human body, and its balance is essential for normal life suste-
nance. 

 Electrolytes regulate the functioning of  muscles, and 
nerves in the body, and many more sensory activities. Aside from 
those, the maintenance of  blood pressure and acidity are con-
trolled by electrolytes. Distortions of  electrolyte concentrations 
lead to a sluicegate of  numerous pathological conditions.

 The pattern of  electrolyte concentrations in the serum 
and vitreous humours is still debatable due to the paucity of  re-
search findings. A study on the pattern of  some serum and vitre-
ous electrolyte concentrations were brought to the fore by Agoro 
et al.20 In the exposition, they revealed that chronic intoxication 
of  CO has the propensity of  creating electrolyte imbalances. Fur-
thermore, they posited that serum Na, non-ionized calcium (nCa), 
ionized calcium (Ca), total calcium (TCa), concentrations were sig-
nificantly raised proportionately to the increase in the duration of  
CO exposure, whereas the pH activity decreased. In the same vein, 
vitreous humour chemistry data revealed significant decreases in 
pH activity and concentrations of  potassium, TCa, nCa, and Ca. 

 The imbalances in electrolyte concentrations observed 
could be deleterious and a pointer to the leap in chronic idiopathic 

diseases rampancy in countries that disregard to CO emission con-
trol and regulation.

SERUM AND VITREOUS RENAL FUNCTION 
BIOMARKERS

Renal function markers are used for the diagnosis and manage-
ment of  renal diseases. The most commonly used renal function 
markers are urea, creatinine, and uric acid. An increase in the con-
centration of  these markers indicates possible renal abnormalities. 
Urea had been shown to be one of  the most stable of  the vitreous 
constituents tested in postmortem.21 The vitreous value of  urea is 
a reflection of  antemortem value as posited by Madea and Muss-
hoff.22 This was also supported by Agoro et al.23

 The pattern of  presentation of  serum and vitreous renal 
function markers occasioned by chronic intoxication of  CO is still 
hazy. One of  the earliest callers to this subject revealed a rise in the 
concentration of  serum creatinine as the duration of  exposure to 
CO increases, contrarily uric acid (UA) concentrations significantly 
decreased.20 In the same vein, vitreous humour chemistry data re-
vealed a significant increase in the concentration of  creatinine and 
urea, whereas uric acid significantly decreased.20

 The compromises observed indicate the direct negative 
impact of  CO on the normal architecture of  the kidney.

SERUM AND VITREOUS CARDIAC BIOMARKERS

Cardiac biomarkers are measured to evaluate the functionality of  
the heart and stratification of  risks associated with cardiac dys-
function such as suspected acute coronary syndrome (ACS).2 Car-
diac biomarkers abound, but the commonly patronized ones are 
troponin, creatine kinase (CK-MB), lactate dehydrogenase (LDH), 
and aspartate aminotransferase (AST).24,25 Others are myoglobin 
(Mb), ischemia-modified albumin (IMA), pro-brain natriuretic 
peptide, and glycogen phosphorylase isoenzyme BB.24,25

 The correlation between chronic CO intoxication and 
cardiac dysfunction is still not definite in biomedical literature. 
However, a handful of  studies have shown diverging perspectives. 
A study as posited by Whang and Choi26 observed an increase in 
activities of  serum creatine kinase and lactate dehydrogenase in 
carbon monoxide-intoxicated patients. In the same vein, Davuto-
glu et al27 stated that acute carbon monoxide (CO) poisoning may 
cause cardiotoxicity but troponin, CK, and CK-MB concentrations 
were not statistically significant between groups as observed in suf-
ferers of  carbon monoxide intoxication. A study using an animal 
model showed an elevation in the activities of  vitreous and serum 
LDH and CK in rabbits chronically exposed to CO.20 Another 
study also reported an increase in activities of  serum LDH and 
CK due to chronic CO intoxication.28 Serum lactate dehydrogenase 
(LDH), creatine kinase (CK) and aspartate aminotranferase (AST) 
are important biochemical parameters used in diagnosing cardiot-
oxicity and cardiac dysfunction.25,26 The increases as observed in a 
couple of  studies have further shown that chronic CO intoxication 
could be injurious to the cardiac system. 
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SERUM AND VITREOUS OXIDATIVE STRESS 
BIOMARKERS

Oxidative stress is a condition characterized by elevated concen-
trations of  intracellular reactive oxygen species (ROS), which are 
the progenitors of  free radicals.29 Reactive oxygen species such as 
superoxide anion (O-) and hydroxyl radicals (OH-) are capable of  
reacting with and damaging proteins, lipids and deoxyribonucle-
ic acid (DNA). Enzymes related to the study of  oxidative stress 
includes catalase, superoxide dismutases (SOD), glutathione per-
oxidases (GPX), nitric oxide synthase (eNOS, iNOS, and nNOS), 
peroxiredoxins, thioredoxins (Trx), and more. 

 Oxidative stress is the distortion of  the equilibrium that 
exists between synthesis of  reactive oxygen species and the effi-
ciency of  the biological systems to neutralize the reactive interme-
diates or repair the resultant damage Severe oxidative stress can 
cause cell death or necrosis, and even moderate oxidation can trig-
ger apoptosis.30,31

 Agoro et al32 did elaborate research on the oxidative 
stress status of  rabbits exposed to chronic CO intoxication. The 
results of  the study revealed a significant increase in the concentra-
tion of  malondialdehyde (MDA) both in the serum and vitreous as 
the duration of  CO exposure increased. Similar findings have also 
been reported by Muhammad and Fredrick,5 and Ismail33 though 
the severity of  exposure could not be ascertained. Contradictory 
reports supporting non-significant influence of  CO intoxication 
on MDA concentration were observed by Thom et al34 and Guan 
et al.35

 Moreover, Agoro et al32 reported a decrease in the activity 
of  SOD both in the serum and vitreous humor. The position of  
Agoro et al32 was in tandem with those of  Ismail et al33 and Patel 
et al.36 However, Piantaosi et al,37 Hamed et al38 and Kavakli et al39 
disagreed with the above findings. 

 Furthermore, catalase activities exhibited a significant 
increase in serum and a decrease in the vitreous.32 The discrep-
ancy observed was alluded to by the authors to compartmental 
difference, accessibility or portal of  entry difference. A glutathione 
concentration was seen to decrease in the serum and increased in 
the vitreous, respectively, as indicated by Agoro et al.32 

 The above discourse bared that chronic CO intoxication 
has palpable effects on oxidative stress. Oxidative stress is a phe-
nomenon used by several biological and chemical agents in alter-
ing body chemistry and physiological balance. This has brought 
to bear that chronic CO intoxication could be an orifice to a wide 
range of  pathological derangements and chronic diseases.
 
SERUM LIVER FUNCTION PARAMETERS

The liver performs several important functions that involve excre-
tory, synthetic or detoxifying mechanisms. Investigations conduct-
ed to ascertain the status of  the liver is called liver function test 
(LFT).40 These tests include prothrombin time (PT/INR), aPTT, 

albumin, bilirubin (direct and indirect), liver aminotransferases 
(AST or and ALT), alkaline phosphatase (ALP), gamma glutamyl 
transferase (GGT) and 5’-Nucleotidase, and others.41,42 

 Alterations of  the above parameters are indicative of  liv-
er dysfunction. Many biological and chemical agents have harmful 
effects on the liver and its accessory organs. The carbon monoxide 
effect on the liver has been researched by a handful of  researchers. 
A study by Nanji et al43 indicated a significant increase in serum 
ALT activity in an animal model exposed to CO-ethanol. Further-
more, electron microscopy revealed a greater degree of  cell ne-
crosis in the CO-exposed group, which explained the significantly 
higher ALT activity in these animals. Another researcher observed 
a decrease in alkaline phosphatase activity and an increase in acid 
phosphatase activity after 7-days of  intoxication with CO.44

 The stance of  Agoroand Wankasi28 on this subject re-
vealed a significant increase in activities/concentrations of  serum 
aspartate aminotransferases (AST), alanine aminotransferases 
(ALT), alkaline phosphatase (ALP), total and conjugated bilirubin 
and albumin/globulin ratio, whereas serum total protein and glob-
ulin decreased significantly when studied animal were consistently 
exposed to moderate CO concentration for months.

 However, a study has shown that at a low concentration 
of  carbon monoxide, bilirubin exerts an anti-oxidative function, 
hence protecting cells and tissues from hepatic injuries.45 Further-
more, at a moderate carbon monoxide concentration, bilirubin 
served an effective buffer function.46,47 

 The above submissions are pointing toward a harmful 
impact of  consistent exposure of  CO on the liver and its accessory 
organs. 

HAEMATOLOGICAL PARAMETERS

Haematological parameters are vital investigations used for the di-
agnosis and management of  diseases associated with blood. Blood 
examination is also very essential to the diagnosis of  poisoning 
cases and its attendant management. Some metabolites and cells 
found in the blood aid in diagnosis of  diseases and toxicities. This 
is due to the vast role blood plays in physiology, nutrition and pa-
thology of  human or animal. Haemaological parameters common-
ly employed in disease and poisoning diagnosis and management 
are haemoglobin concentration (Hb), packed cell volume (PCV), 
red blood cells (RBC), white blood cell (WBC), platelets, mean 
corpusculars volume or cell (MCV), mean corpuscular haemo-
globin (MCH) and mean corpuscular haemoglobin concentration 
(MCHC).48 These parameters are very vulnerable to alterations by 
several factors and conditions due to the circulatory nature of  the 
body.

 A study involving the use of  rabbits revealed a significant 
increase in concentrations of  RBC, Hb and PCV on day one and 
was consistently high till day 5 after an intraperitoneal injection of  
CO at regular interval.49 In another study using cigarette smokers, 
the packed cell volume and red cells were increased due to hypoxic 
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mechanism of  which CO constitutes the major component.50

 In a similar study, the concentrations of  Hb, RBC count 
and PCV in age-matched smokers were compared with those of  
nonsmokers. The findings explicitly showed a significant increase 
(p<0.5, 0.01 or 0.001) in the concentrations of  Hb, RBC count, 
PCV, and MCH in the various groups of  smokers compared to 
controls which were nonsmokers of  same age groups.51

 Vanuxem et al52 showed a characteristic haematological 
change in CO intoxication as a toxic change of  WBCs, such as 
initial leukocytosis and neutrophilia. This was supported by Whang 
and Choi53 who also showed that WBC counts were increased. 
Sung-Soo and II-Saing54 also observed an increase in the count and 
that “leukocytosis mainly neutrophilic, observed during the first 
few days to be a physiological phenomenon due to a stressful situ-
ation, such as hypoxia. The same finding was achieved by Ganesh 
and Saravanan,50 using cigarette smokers as subjects.

 In a correlational study between carboxyhaemoglobin 
concentration and platelets, the result showed a decrease in plate-
lets.55 The finding of  Oscar56 was similar to that of  Suphan and 
Jamsai,55 but further posited that the decrease was occasioned by 
the inhibition of  calcium. It has also been established that car-
bon monoxide (CO) inhibits human platelet aggregation triggered 
with threshold concentrations of  agonists like arachidonate, ADP, 
collagen, thrombin, or the prostaglandin endoperoxide analogue 
U46619.57 

 In a study, rats were continuously exposed to 500 ppm 
CO for 42-days. This was reflected in the blood indices: the MCHC, 
MCH, and MCV. MCHC fell 6% by the fifth day of  exposure, 
while MCH and MCV increased 11% and 16%, respectively, by the 
seventh day. The mean cell haemoglobin concentration returned 
to control concentration by the thirteenth day, while MCH and 
MCV remained elevated until the twenty-fifth day of  CO expo-
sure. During “stable” polycythemia both MCHC and MCH were 
depressed, while MCV concentration was slightly elevated above 
the controls.58 

 In a study by Muhammad, et al51 the values of  red cell 
indices in age-matched smokers were compared with nonsmokers. 
The results of  the increase in values of  MCV and MCHC were 
found less marked and non-significant (p>0.05). 

 Findings on chronic carbon monoxide exposure, as 
shown by Agoro et al59 indicated that RBCs, lymphocytes and 
basophils were significantly raised, whereas platelets, white blood 
cell, neutrophils, monocytes, eosinophils, MCV, MCH and MCHC 
were significantly decreased. In their conclusion, they posited that 
chronic CO inhalation has the predisposition of  distorting haema-
tological profiles.

CONCLUSION

This review critically focuses on the available meta-analyzed data 
pertaining to the impact of  chronic CO exposures on routine bi-
ochemical and haematological parameters. These parameters are 
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Table 1. Summary of Blood/ Serum Parameter(s) Concentrations Resulting from Chronic Carbon Monoxide Intoxication

 Parameter (s)

Increase Source Decrease Source NSD Source

Carboxyhaemoglobin (%) 11

Urea (µmol/L) X 20

Creatinine (µmol/L) 20

Uric Acid (µmol/L) 20

Sodium (µmol/l) 20

Potassium (µmol/l) 20

Chloride (µmol/l) X 20

Ph 20

Calcium (µmol/l) 20

nCalcium (µmol/l) 20

Total Calcium (µmol/l) 20

Total Cholesterol (mmol/L) 18 32

Triacylglycerol (mmol/L) 18, 20

HDL (mmol/L) 18, 32

LDL (mmol/L) 18, 19 32

VLDL (mmol/L) 32

Total Protein(g/L) 9

Albumin (g/L) X 9

Globulin (g/L) 9
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the pivot of  the diagnosis and identification of  diseases. Table 1 
and 2 summarized some of  the presentations of  biochemical and 
haematological parameters in the serum and vitreous occasioned 
by chronic CO intoxication respectively.

 The findings explicitly revealed a gross harmful effect 
of  chronic CO intoxication on most of  the parameters reviewed. 
Furthermore, the compromises seen in the parameters are indic-
ative of  palpable negative consequences of  CO intoxication on 
the body’s systems. This could be exemplified with the data on 
oxidative stress indicators. Oxidative stress is a known tool used 
by several diseases in upsetting normal functioning of  the body. 
Similarly, the data on renal function and cardiac biomarkers are in-
dicative of  the potentialities of  chronic CO intoxication in causing 
renal and cardiac dysfunction, respectively. The same pattern was 
observed in liver function parameters that showed the vulnerability 

of  hepatic and post-hepatic tissues to distortions by chronic CO 
intoxication. Haematological parameters were not spared as alter-
ations were noted in some parameters such as RBC, Hb, platelets, 
differentials and some red cell indices. The alterations in biochem-
ical and physiological parameters point to the susceptibility of  the 
entire body to chronic CO exposure, and the changes resemble 
chronic diseases such as cardiac dysfunction, diabetes mellitus, re-
nal failure and liver insufficiency. The compromise of  the immune 
system is another worrisome submission of  this review as immune 
suppression or depression was noted. Immune suppression makes 
the body vulnerable to several diseases and infection that could be 
easily eliminated by the body defense system. Summarily, the re-
view has shown that exposure to chronic CO intoxication is dead-
ly and harmful. The need for tight regulatory measures on CO 
emission is apt. Regulatory measures should be legally instituted 
and culprits punished to serve as a deterrent. Furthermore, more 

A/G Ratio 9

Creatine Kinase (U/L) 20, 26, 28 X 27

Lactate Dehydrogenase (U/L) 20, 26, 28 Decrease

Glutathione (µ/mg) 5, 33 32, 34, 35

SOD (µ/mg) 33, 26 32, 34, 35

CATALASE (µ/mg) 32

MDA (mmol/mg) 32 34, 35

AST (U/L) 28

ALT ( U/L) 28, 43

AST/ALT 28

ALP (U/L) 28 44

ACP (U/L) 44

TB (µmol/L) 28

CB (µmol/L) 28

UB (µmol/L) X 28

HAEMOGLOBIN (g/dl) 49, 51 X 59

PCV (%) 49, 51 X 59

RBC (x 1012/L) 49, 51 

WBC(x 109/L) 50, 53, 54 59

PLATELET (x 1012/L) 55, 56, 59

MCV(fl) 59

MCH (pg) 51 59 X 51

MCHC (g/dl) 59 X 51

NEUTROPHIL (%) 52 59

LYMPHOCYTE (%) 59

MONOCYTE (%) 59

EOSINOPHIL (%) 59

BASOPHIL (%) X 59

=significantly increased;   =significantly decreased

X=Not significant, NSD=Not significantly different, nCalcium=Non-ionized calcium, HDL-High density lipoprotein, LDL-Low 
density lipoprotein, VLDL-Very low density lipoprotein, A/G-Albumin/globulin ratio, SOD-superoxide dismutase, MDA-
Malondialdehyde, AST=-Aspartate aminotransferase, ALT-Alanine aminotransferase, ACP-Acid phosphatase, TB-Total bilirubin, 
CB-Conjugated bilirubin, UB-Unconjugated bilirubin, MCV-Mean cell volume, MCHC-Mean cell haemoglobin concentration, 
WBC-White blood cell, RBC-Red blood cell. 
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studies on this subject using the human model to unravel the evil 
of  chronic CO intoxication are solicited. This will, in no measure, 
enhance public health surveillance and reduce the leap in idiopath-
ic and chronic diseases.
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Introduction
Tramadol is a synthetic centrally acting analgesic used worldwide for pain relief, but now abused as a euphoria generating sub-
stance. The short- and long-term implications of  tramadol intoxication on blood cells and its components are still hazy and 
controversial. 
Aim
Our primary aim was to evaluate the alterative pattern of  haematological parameters resulting from acute or chronic tramadol 
intoxication.
Method
The study was made of  acute and chronic phases of  sixty male rats (Rattusnorvegicus) randomly pair-divided into established groups 
of  six male rats each. The acute stage consisted of  a control group of  6 rats administered with normal saline solution, and a 
treatment group of  6 rats administered with lethal dose of  tramadol. The control group for the chronic stage consisted of  6 rats 
that were administered normal saline solution. Whereas, the tramadol-dependent groups comprised of  3 groups of  6 rats each 
administered orally with 50 mg/kg, 100 mg/kg, and 200 mg/kg of  tramadol for 90 days respectively. Statistical analyses consisted 
of  the one-way analysis of  variance (ANOVA), Student’s t-test, and Pearson’s Correlation using the JMP statistical discovery™ 
software version 14.1. Blood samples were collected after anesthetic sacrifice by cardiac puncture for the analysis of  full blood 
count and red cell indices using SYSMEX Automated Blood Count machine (SYSMEX KX-21N ANALYZER) and microscopy 
for blood film reading. 
Results
Results of  the acute phase of  the study showed that the packed cell volume (PCV) in the treatment group (51.00±2.96%) was 
significantly higher (t=3.99, p=0.002) than control (37.83±1.43%). Similarly, the haemoglobin concentration (Hb) in the treatment 
group (14.70±0.46 g/dL) was significantly higher (t=5.10, p=0.005) than control (11.55±0.41 g/dL). The mean cell haemo-
globin concentration (MCHC) was significantly lower (t=2.67, p=0.02) in the control group (28.30±0.52 g/dL) than treatment 
(30.43±0.61 g/dL). However, that of  the chronic phase exhibited a progressive increase in platelet count which was proportional 
to increasing dosage of  treatment (t=8.59, p=0.007).  
Conclusion
This study has demonstrated that tramadol administration could cause haematological alterations which could be beneficial if  
administrated optimally and deleterious, if  abused. Therefore, indiscriminate and prolonged use of  tramadol should be monitored 
to avert haemotoxicity. 

Keywords
Tramadol; Intoxication rats; Full blood count; Red cell indices.
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INTRODUCTION

Tramadol was launched under the name Tramal in 1977 by the 
West German pharmaceutical company Grünenthal GmbH.1 

It is an opioid pain medication used primarily to treat mild to se-
vere pain, both acute and chronic.2,3 When taken by mouth in an 
immediate-release formulation, pain relief  usually begins within an 
hour. Tramadol is also available by injection or in combination with 
paracetamol (acetaminophen) or as longer acting formulations.2 

 The pharmacological influence of  tramadol is elicit-
ed by binding to the μ-opioid receptor of  the neuron and is also 
both serotonin and norepinephrine reuptake inhibitor.1 Tramadol 
is converted in the liver to O-desmethyltramadol; an opioid with 
stronger binding affinity for the μ-opioid receptor.4 The most 
common adverse effects of  tramadol include nausea, dizziness, 
dry mouth, indigestion, abdominal pain, vertigo, vomiting, consti-
pation, drowsiness, and headache.5,6 Compared to other opioids, 
respiratory depression and constipation are considered less of  a 
problem with tramadol.6

 Recognized risk factors for tramadol overdose include 
depression, addiction, and seizures.7 Deaths with tramadol over-
dose have been reported and are increasing in frequency in North-
ern Ireland; the majority of  these overdoses involve other drugs 
including alcohol.7 There were 254 tramadol-related deaths in 
England and Wales in 2013, and 379 in Florida in 2011.8 In 2011, 
21,649 emergency room visits in the United States were related to 
tramadol.9 The statistics of  tramadol related morbidity and mor-
tality is not available in Nigeria. However, the heavy reliance on 
tramadol resulted in the Government of  the Federal Republic of  
Nigeria issuing a manufacturing ban in late 2018, prohibiting the 
manufacture, importation and sales of  tramadol and its analog.10 
This was done as a result of  the increase in crime rates which was 
attributed to tramadol abuse.

 Full blood count is a laboratory investigation that numer-
ically estimates the various blood cell types suspended in the plas-
ma. The cell types include red blood cells, white blood cells, and 
platelets. Holistically, full blood counts encapsulate the condition 
of  the various cell types, the number and concentration. These 
indices are altered in course of  diseases and toxicities. Further-
more, full blood count also provide important information about 
the blood and blood-forming tissues (especially the bone marrow 
and the liver for infants), as well as other body systems. Abnormal 
results are indicative of  a variety of  ill conditions such as aneamias, 
leukemias, and infections. Poisoning also distort the physiological 
balance of  blood cells and plasma volume.

 Red cell indices most frequently used in the investigation 
of  diseases and toxicity are mean cell haemoglobin concentration 
(MCHC), mean cell volume (MCV) and mean cell haemoglobin 
(MCH). Red cell indices are crucial in the classification of  anae-
mia and differential diagnosis of  arrays of  diseases.11 Red cell indi-
ces are a part of  full blood count (FBC) or complete blood count 
(CBC), which reveals the complete status of  various blood com-
ponents in the individual’s. The values of  MCV, MCH, and MCHC 
are derived from the values of  haemoglobin, packed cell volume 
(PCV) or haematocrit and red cell count. Alterations of  red cell 
indices are indicative of  wide range of  diseases. 

 The medical and societal effects of  tramadol are incal-
culable due to the acute and chronic damages inflicted on the 
body. The entire body sustenance is a product of  well-coordinated 
haematological processes. A deviation is an orifice to a lot of  id-
iopathic and non-idiopathic diseases. The effect of  tramadol on 
haematological profiles has been studied with diverging perspec-
tives, though with different study animals and designs.12-15 Most 
of  the studies did not consider the acute and chronic intoxication 
perspective either individually or holistically. This study is there-
fore crafted to evaluate the true presentation of  haematological 
parameters upon exposure to either acute or chronic tramadol in-
toxication in rats. The alterations observed in rats could create an 
inroad for a further studies to the validate the potency of  acute and 
chronic tramadol intoxication on blood cells and red cell indices 
using human model.

MATERIALS AND METHODS

Study Area

The animal breading and inducement were carried out using the 
Pharmacology Laboratory of  the Niger Delta University (NDU), 
Wilberforce Island, Amasoma, Bayelsa State. Similarly, the labora-
tory investigations took place at the Haematology Laboratory of  
the Federal Medical Centre Yenagoa, Bayelsa State and the Niger 
Delta University Teaching Hospital, Okolobiri, Bayelsa State re-
spectively. Bayelsa state is a state in Nigeria located within Latitude 
40° 151 ′ North and Latitude 50° 231 South, longitude 50° 221 
West and 60 451 East.16 

Study Population

The study utilized Mead's Resource Equation for the sample size 
determination.17 The study was categorized into acute and chron-
ic phases. The acute phase was further divided into two groups; 
controls and tramadol intoxication death. The chronic phase com-
prised of  four graded groups of  different concentrations of  tram-
adol intoxications. Each group constituted of  six rats paired with 
a weight and age matched-controls. In total sixty rats were used 
for the entire study. The acute phase was concluded within twen-
ty-four-hours, whereas the chronic took three-months, excluding 
two-weeks of  acclimatization.  

Ethical Approval

The ethical clearance and experimental protocol were approved 
by the Ethics Committee of  the Bayelsa State Ministry of  Health. 
The animals used for the study were humanely treated in accord-
ance with the Animal Welfare Act of  1985 of  the United States 
of  America for Research and Institutional Animal Care and Use 
Committee (IACUC) protocols as posited by Benjamin et al.18

Selection Criteria 

Albino rats used were healthy and active as confirmed and approved 
by a veterinarian. Rats showing signs and symptoms of  illness or 
deformities were excluded from the research. The research utilized 
only male albino rats of  same age and weight. The research utilized 
only male albino rats of  same age (6-8-months) and weight (280-
340 g). Also, lysed and contaminated samples were rejected.
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Collection of Sample

Blood samples were collected from the heart using the method 
described by Ness.19 The samples were withdrawn slowly from 
the heart into EDTA containers for haematological investigations. 
Haematological investigations carried out include full blood count 
(FBC), red cell indices (RCI) and film reading.

Laboratory Procedures

Full blood count and red cell indices were estimated in whole 
blood sample using automated analyzer. The brand of  automat-
ed analyzer used was SYSMEX Automated Blood Count machine 
(SYSMEX KX-21N ANALYZER). The film reading was per-
formed using a compound microscope (Olumpus).

Statistical Analysis

The haematological data obtained were analyzed using student 
t-test and One-way ANOVA. Box-plots were also used for data 
presentation. JMP statistical discovery™ software version 14.1 (SAS 
Institute, Cary, NC, USA) was the soft software for the data anal-
ysis. 

RESULTS

Table 1 shows comparison of  haematological parameters in the 
acute stage of  treatment and control groups. In the treatment 
group, the mean PCV and HGB values were significantly higher 
compared to the control group. In contract to the PCV and HGB 
increases, MCHC was decreased in the treatment groups compared 
to controls. Table 2 shows a significant increase in platelet counts 

Table 1. Comparisons of Haematological Parameters in the Acute Stage of the Treatment and the Control Groups

 Parameter

Experimental Group(N=12)+
Test Statistics

Treatment (n=6) Control (n=6) 

Mean±SEM Mean±SEM t- Ratio Prob. > |t|

PCV (%) 51.00±2.96a 37.83±1.47 b 3.99 0.0026**

HB (g/dl) 14.70±0.46 a 11.55±0.41b 5.10 0.0005***

RBC (x 1012/L) 24.69±15.87 6.81±0.25 1.13 0.2863ns

WBC (x 1012/L) 13.63±1.15 10.35±1.63 1.65 0.1302 ns

MCV (fl) 60.40±0.26 55.83±0.70 6.15 0.0001

MCH (Pg) 16.37±0.48 16.98±0.33 -1.06 0.3134 ns

MCHC (g/dl) 28.30±0.52a 30.43±0.61b -2.67 0.0237*

Platelets (x 109/L) 756.33±119.94 750.67±66.60 0.04 0.9679 ns

Neutrophils (%) 36.17±3.69 41.33±4.06 -0.94 0.3688 ns

Lymphocytes (%) 53.00±3.08 48.67±3.56 0.92 0.3785 ns

Mono (%) 7.17±1.08 7.33±0.76 -0.13 0.9019 ns

SEM: Standard error of mean;  +Experimental Group:Treatment group–Rats received a lethal dose of Tramadol 
(Acute Stage), Control group–Rats without Tramadol.
Within parameters, means±SEM with different superscripts are significantly different at p<0.05. 
Significance Level: *=p<0.05; **=p<0.01; ***=p<0.0001; ns=Not Significant (p>0.05).

Table 2. Comparisons of Haematological Parameters in the Experimental Treatment during the Chronic Stage 

 Parameter

Experimental Group (N=24)
Test Statistics

0 mg/kg (Control) 50 mg/kg 100 mg/kg 200 mg/kg

Mean±SEM Mean±SEM Mean±SEM Mean±SEM F- Ratio Prob. > F

PCV (%) 36.33±1.74 36.00±1.15 34.83±2.12 33.17±1.19 0.795 0.5112ns

HB (g/dl) 11.05±0.37 11.05±0.42 10.68±0.80 1068±0.40 0.161 0.9215 ns

RBC (x 1012/L) 6.37±0.35 6.35±0.24 6.23±0.46 5.98±0.22 0.280 0.8389 ns

WBC (x 1012/L) 7.48±1.44 6.82±2.12 12.92±2.47 10.22±0.65 2.383 0.0998 ns

MCV (fl) 57.2±0.73 56.28±1.09 56.47±1.10 57.28±0.77 0.291 0.8311 ns

MCH (Pg) 17.48±0.53 17.72±0.20 17.20±0.34 18.02±0.19 1.006 0.4107 ns

MCHC (g/dl) 30.50±0.66 31.30±0.56 30.47±0.72 31.10±0.35 0.514 0.6773 ns

Platelets (x 109/L) 549.17±57.66c 662.50±72.54bc 828.50±61.77ab 927.17±28.84a 8.592 0.0007***

Neutrophils (%) 15.00±1.53 15.33±1.15 15.83±0.98 19.50±2.72 1.449 0.2585 ns

Lymphocytes (%) 73.67±2.39 74.50±2.08 74.33±1.41 69.33±2.80 1.203 0.3342 ns

Mono (%) 8.67±0.88 6.50±1.09 6.00±0.93 6.83±0.70 1.628 0.2146 ns

Eosin (%) 4.33±0.42 3.67±0.33 3.67±0.21 4.00±0.37 0.873 0.4715 ns

SEM: Standard error of mean;
+ Within parameters, means±SEM with different superscripts are significantly different at p<0.05. 
Number per treatment, n=6;
Significance Level: *=p<0.05; ***=p<0.0001; ns=Not Significant (p>0.05).
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in the treatment groups compared to the control in the chron-
ic stage. Tables 3 and 4 show correlational relationships between 
some of  the studied parameters for the acute and chronic catego-
ries. Some of  the parameters showed either negative, positive or 
null relations. Figures 1-12 shows mean variations of  studied hae-
matological parameters of  acute and chronic categories. The mean 
concentrations of  the parameters investigated exhibited various 

trends such as a decrease, an increase or no significant difference 
depending on the duration of  exposures to the various concentra-
tions’ of  tramadol administered.

DISCUSSION

Tramadol addiction and abuse is now a major public health menace 
in Nigeria. The rampancy of  tramadol abuse and the consequential 

Table 3. Pairwise Correlations of Haematological Parameters following Lethal Dose of Tramadol (Acute Stage) in Rats

 Parameter By Parameter

Acute Stage

Treatment Control

Correlation p value Correlation p value

HB (g/dl) PCV (%) 0.759 0.0798 0.844 0.0346*

RBC (x 10^12/L) PCV (%) 0.429 0.3960 0.948 0.0040**

RBC (x 10^12/L) HB (g/dl) 0.072 0.8924 0.856 0.0296*

PLATELET (x 10^9/L) WBC (x 10^12/L) 0.817 0.0472* -0.145 0.7840

NEUT (%) WBC (x 10^12/L) -0.833 0.0397* -0.199 0.7058

NEUT (%) PLATELET (x 10^9/L) -0.834 0.0392* 0.210 0.6891

LYMP (%) WBC (x 10^12/L) 0.926 0.0080** 0.126 0.8125

LYMP (%) PLATELET (x 10^9/L) 0.851 0.0318* -0.106 0.8415

LYMP (%) NEUT (%) -0.957 0.0028** -0.986 0.0003***

Significance Level: *=p<0.05; **=p<0.01; ***=p<0.001; ****=p<0.0001

Table 4. Pairwise Correlations of Haemato-Immunological Parameters following Experimental Treatment with Tramadol in Rats (Chronic Stage)e 

 Parameter By Parameter

Experimental Group (N=24)

0 mg/kg (Control) 50 mg/kg 100 mg/kg 200 mg/kg

Correlation p value Correlation p value Correlation p value Correlation p value

HB (g/dl) PCV (%) 0.911 0.0116** 0.792 0.0602 0.958 0.0026** 0.931 0.0070**

RBC (x 10^12/L) PCV (%) 0.997 <.0001**** 0.831 0.0405* 0.977 0.0008*** 0.791 0.0609

RBC (x 10^12/L) HB (g/dl) 0.921 0.0091** 0.896 0.0157** 0.972 0.0012*** 0.803 0.0541

WBC (x 10^12/L) HB (g/dl) 0.541 0.2677  -0.267 0.6085  -0.841 0.0359* 0.420 0.4070

MCV (fl) PCV (%) -0.815 0.0484*  -0.190 0.7185  -0.614 0.1951 0.624 0.1853

MCV (fl) RBC (x 10^12/L) -0.847 0.0334*  -0.690 0.1296  -0.763 0.0774 0.243 0.6422

MCH (pg) PCV (%) -0.885 0.0191* 0.551 0.2570 0.119 0.8218 0.774 0.0706

MCH (pg) HB (g/dl) -0.620 0.1896 0.192 0.7162 0.292 0.5740 0.903 0.0137**

MCH (pg) RBC (x 10^12/L) -0.876 0.0221* 0.341 0.5086 0.063 0.9057 0.719 0.1074

MCHC (g/dl) WBC (x 10^12/L) -0.704 0.1186 0.231 0.6600  -0.949 0.0038**  -0.728 0.1006

MCHC (g/dl) MCV (fl) 0.549 0.2595  -0.916 0.0104**  -0.613 0.1956  -0.036 0.9458

MCHC (g/dl) MCH (pg) 0.940 0.0054** 0.298 0.5667 0.595 0.2128 0.114 0.8291

PLATELET (x 10^9/L) MCHC (g/dl) 0.854 0.0305* 0.683 0.1348  -0.235 0.6542  -0.544 0.2648

NEUT (%) WBC (x 10^12/L) -0.276 0.5960  -0.864 0.0266*  -0.358 0.4859  -0.200 0.7043

LYMP (%) WBC (x 10^12/L) 0.273 0.6008 0.863 0.0268* 0.363 0.47 0.337 0.5130

LYMP (%) NEUT (%) -0.922 0.0088**  -0.841 0.0360*  -0.717 0.1086  -0.977 0.0008***

MONO (%) WBC (x 10^12/L) -0.817 0.0471*  -0.775 0.0703  -0.107 0.8395  -0.789 0.0620

MONO (%) PLATELET (x 10^9/L) 0.803 0.0546  -0.347 0.4998 0.776 0.0695  -0.840 0.0365*

MONO (%) LYMP (%) -0.074 0.8895  -0.922 0.0089**  -0.611 0.1975  -0.553 0.2552

EOSIN (%) HB (g/dl) -0.213 0.6854  -0.891 0.0172*  -0.243 0.6426 0.568 0.2399

EOSIN (%) MCH (pg) 0.139 0.7935  -0.184 0.7268  -0.277 0.5952 0.847 0.0332*

EOSIN (%) PLATELET (x 10^9/L) 0.060 0.9103  -0.878 0.0214* 0.143 0.7865 0.041 0.9383

Significance Level: *=p<0.05; **=p<0.01; ***=p<0.001; ****=p<0.0001
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Figure 1. Box Plot of PCV in the Control and Treatment Groups During Acute and Chronic Stages

Figure 2. Box Plot of HB in the Control and Treatment Groups during Acute and Chronic Stages

Figure 3. Box Plot of RBC in the Control and Treatment Groups During Acute and Chronic Stages
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Figure 4. Box Plot of WBC in the Control and Treatment Groups During Acute and Chronic Stages

Figure 5. Box Plot of MCV in the Control and Treatment Groups during Acute and Chronic Stages

Figure 6. Box Plot of MCH in the Control and Treatment Groups during Acute and Chronic Stages
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Figure 7. Box Plot of MCHC in the Control and Treatment Groups during Acute and Chronic Stages

Figure 8. Box Plot of Plateletin the Control and Treatment Groups During Acute and Chronic Stages

Figure 9. Box Plot of Neutrophil in the Control and Treatment Groups During Acute and Chronic Stages
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Figure 10. Box Plot of Lymphocytes in the Control and Treatment Groups During Acute and Chronic Stage

Figure 11. Box Plot of Monophil in the Control and Treatment Groups During Acute and Chronic Stages

Figure 12. Box Plot of Eosinophil in the Control and Treatment Groups During Acute and Chronic Stages
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leap in crime in Nigeria led to the Federal Government banning 
the manufacture, sale and use of  tramadol in 2018. The design of  
the current study investigated the short- and long-term implica-
tions of  tramadol abuse on haematological parameters and red cell 
indices using an animal model.

 The acute study showed a significant increase in haemo-
globin (Hb) concentration and PCV level, whereas the MCHC 
decreased in the experimental group when compared with the 
control. Increased concentration of  Hb and PCV could be due to 
changes in trace element concentration. Alterations in trace ele-
ments, such as iron, could disrupt the blood cell physiology of  the 
erythrocyte. This bias is also advanced by Guzel et al.20 Haghpanah 
et al21 that revealed a significant increase in Hb and PCV among 
persons withdrawing from opium addiction in Iran. However, the 
pattern of  Hb and PCV levels in this study disagreed with that of  
Goldstein et al22 and Mohammed et al.23

 A chronic toxicity study revealed a rise in concentration 
of  platelets as the grades of  intoxication increases. This observa-
tion could be due to stimulation of  platelets progenitors such as 
pluripotent stem cell, mixed myeloid progenitor cell or/and meg-
akaryocyte progenitor leading to the synthesis of  more platelets. 
There are only two animal studies that have assessed the effect of  
tramadol on coagulation. A trial in rabbits demonstrated that tram-
adol and droperidol enhance the coagulation of  plasma proteins 
and suppress the thrombocyte deaggregation process.24 However, 
in another animal model, it was demonstrated that tramadol was 
not associated with significant changes in primary haemostasis.25 
There are several mechanisms advanced for the increase in plate-
lets count resulting from the use of  tramadol. First, tramadol dis-
plays anti-inflammatory effects1,26; this mechanism is unclear. It 
may be because of  cyclooxygenase inhibition, which also exerts 
an anticoagulant effect. Secondly, tramadol and morphine exert 
similar action on α-2 adrenoreceptors.27,28 Hsiao et al27 mentioned 
that morphine potentiates agonist-induced platelet aggregation by 
activating α-2 adrenoreceptors and the mobilization of  intracel-
lular calcium. Lastly, another mode of  tramadol action is a local 
anesthetic effect.1 Local anesthetics may induce changes in the 
membrane of  platelets, inhibiting alpha-granule release, thrombox-
ane A2 signaling and aggregation by blocking membrane ion chan-
nels.29 Tramadol may also exert effects on membrane ion channels, 
similar to local anesthetics.29 However, all of  these mechanisms 
are assumptive and need further investigation. Our study does not 
establish a clear mechanism of  action for Tramadol in increasing 
platelet count, but we observed that Tramadol has a stimulatory 
effect mechanism on platelet production.

 The observed correlations between Hb and PCV, RBC 
and PCV, RBC and Hb could be hinged on the fact that the syn-
theses of  all these parameters are derived from haemoglobin. Hae-
moglobin is a protein present mainly in red blood cells of  almost 
all vertebrates. Haematocrit, on the other hand, is a measurement 
related to total blood count. Both of  these are used to diagnose 
anaemia and hence mistaken to be the same thing frequently. Hae-
moglobincount is a part of  haematocrit and it constitutes the basis 
of  red blood cells. Red blood cell and haemoglobin are inseparable. 

An effect on the haemoglobin will advertently affect the PCV and 
RBC. Hence, a non-distortion in the correlation could discriminate 
acute tramadol intoxication from other similar intoxications that 
share similar diagnosis and prognosis. The correlation findings of  
Hb and PCV are also in consonance with the values revealed by 
Iwalokun et al,30 Omoti31 and Sagir et al.32

 This study has further elucidated the acute and chron-
ic effect tramadol intoxication on some haematological parame-
ters which are important in diseases and toxicities diagnosis. The 
pattern presented of  platelets count needs a further research on 
its therapeutic importance. Furthermore, a study on the effect of  
tramadol intoxication on coagulation profile and inflammatory 
markers is crucial in buttressing the scientific basis of  some of  the 
alterations noted in this study.

CONCLUSION

TThe study has shown that tramadol intoxication has alterative 
propensity on some blood cells and red cell indices, which could be 
beneficial or deleterious depending on the concentration adminis-
tered and the duration of  exposure. Administration of  intolerable 
concentration of  tramadol led to the death of  the experimental 
animals with a consequential significant increase in Hb and PCV 
levels, whereas a decrease in mean cell haemoglobin concentration 
(MCHC) was observed. Chronic intoxication of  tramadol revealed 
an increase in platelet counts. “Furthermore, the increased platelet count 
observed could be therapeutically important to patients having thrombocyto-
penia dysfunction, coagulation abnormalities, or nearing major surgery. The 
need for a further study on the mechanism of  chronic tramadol intoxication 
leading to an increase in platelet counts is advocated. Similarly, studies involv-
ing humans or a human cell line model would expand our understanding of  
Tramadol effects on humans.”
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