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ABSTRACT

Tramadol is a popular drug of abuse among adolescent and young adults in many developing
African countries due to the opioid agonist properties. We investigated the health implications of
the sub-chronic concurrent abuse of tramadol, caffeinated drink and alcohol in adult male Wistar
rats. Tramadol was administered at 40 and 20 mg/kg BW respectively, caffeinated drink at 10
ml/kg BW and alcohol at 2 ml/kg BW. The rats were handled such that: group A received distilled
water; groups B and C received tramadol and distilled water; groups D and E received tramadol
and caffeinated drink; groups F and Greceived tramadol and alcohol; and groups H and | received
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quality of life.

caffeinated drink and alcohol respectively. The concentrations of nitric oxide (NO), reduced
glutathione (GSH),malondialdehyde (MDA),protein carbonyl (PC),protein thiol (PT), interleukin 18
(IL-1B), vascular cell adhesion molecule (VCAM-1), monocyte chemotactic protein-1 (MCP-1),
oxidized low density lipoprotein cholesterol (ox-LDLC), and activities of paraoxonase (PON-1) and
acetylcholine esterase (ACE) were determined. Histo-pathological analysis was performed on the
liver, kidney, brain and small intestine. The concentrations of blood nitric oxide, GSH and MDA
increased (p<0.05) inconsistently with no alterationsin PC (p>0.05). Inconsistent alterations were
obtained in blood PON-1 activities across the groups. Decreases were recorded in the GSH and
TPT in the liver and brain with increases in PC and MDA (p<0.05). Inconsistent increases were
obtained in the concentrations ox-LDLC, VCAM-1, IL-18 and MCP-1, and ACE activities.
Consistent alterations were observed in the photomicrographs of the brain, kidney, intestine and
liver of rats co-administered 40 mg/kg BW of tramadol withcaffeinated drink or alcohol. The overall
findings indicated that the use of tramadol singly at 40 mg/kg BW or co-administered at both doses
with caffeinated drink and alcohol precipitated various dysfunctions to health that could reduce the

Keywords: Tramadol; caffeinated drink; alcohol; drug of abuse; health dysfunctions.

1. INTRODUCTION

The liability of drug abuse was highly
underestimated in developed and developing
countries, while the evidence of abuse of drugs
and dependence have emerged in many
localities, particularly amongst adolescent and
young adults. Cannabis tops the chart of the
world’s most widely used illicit drug, while opiods
have been shown to present the worst health
implications in users. Opioids are agents that are
characterised with dulling of senses as well as
relief of pain [1]. Examples of opioids are
morphine, heroin, codeine, tramadol
etc.Tramadol is an opioid agent clinically used to
treat moderate to severe pain that common
analgesics failed to relieve [2]. It is a centrally
acting analgesic, which possesses opioid agonist
properties and do activates monoaminergic
spinal inhibition of pain. Tramadol is a synthetic
drug agent with two distinct synergistic
mechanisms of action. It acts as both a weak
opioid agonist with selectivity for the p-receptors
and an inhibitor of monamine neurotransmitter
(nor epinephrine, serotonin etc.) re-uptake. It is
an effective analgesic acute ureteric spasm,
postoperative, musculoskeletal and cancer pain
[3]. It is mostly administered orally, but can also
be administered intravenously or intramuscularly
[4].

Tramadol is extensively metabolized in the liver
to O-desmethyl metabolite that have been shown
to possess over 200 folds increased affinity for
opioid receptors than the un-metabolized
tramadol.It was considered as a medicinal drug
with low probabilities of dependence relative to
morphine. Nonetheless, dependence of tramadol

has been recorded when used for a sustained
period of time, especially in people with history of
substance abuse. Scientific literatures have
documented some negative effects of the abuse
of tramadol to include seizures, nausea, impaired
coordination, opioid withdrawal syndrome,
aggressiveness and psychiatric display [5,4].

A recent study in Nigeria reported that 85.2 %of
young adults who drive commercial vehicles
engaged in the misuse of tramadol [5]. A similar
trend in the misuse of tramadol was reported in
the south eastern part of Nigeria, where 53.4 %
of the student admitted the use of tramadol for
various purposes, like feeling of euphoria,
intoxicated, induce sleep and as sexual enhancer
[6]. The oral use of tramadol by the abusers is
mostly with alcoholic beverages or -caffeine
based drinks and sparingly with water.

The abuse of tramadol with alcohol was alleged
by users to work in synergy to depress the
central nervous system and the respiratory
system, and give the users the drowsy-euphoric
feel intended and hallucination. On the other
hand, the abuse of tramadol with caffeinated
drinks was alleged to stimulate the central
nervous system, mobilise energy production and
excite the users to engage in strenuous physical
activities, sexual act, studying, hyper-activity,
recreationetc. However, with the very high index
of tramadol abusers among the youths, and the
few isolated reported/documented cases of
physical display of tramadol intoxication and
death, there is the need to scientifically
investigate the effect of frequent abuse of
tramadol on the health status of chronic and sub-
chronic  abusers. Therefore, this study
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investigated some health implications of the sub-
chronic concurrent abuse of tramadol with
caffeinated drink and alcohol in adult male Wistar
rats.

2. MATERIALS AND METHODS
2.1 Materials
2.1.1 Experimental animals

One hundred and eight apparently healthy male
Wistar rats with weights of 150 - 167g were
obtained from the animal house facility, Ladoke
Akintola University of Technology, Ogbomoso,
Oyo State, Nigeria.

2.1.2 Tramadol

Tramadol was obtained locally from Alkol
Pharmacy, Ogbomoso, Oyo State, Nigeria.

2.1.3 Caffeinateddrink and alcohol

Coke was the source of caffeinated drink and
was obtained from renowned supermarket outlet
in Ogbomoso, Oyo State, Nigeria. The number
one brand of Whisky (alcohol) locally available
was obtained from renowned supermarket outlet
in Ogbomoso, Oyo State, Nigeria.

2.1.4 Reagents kits and chemicals

Quantitative assay kits for reduced glutathione
and malondialdehyde were products of Fortress
Diagnostic  Laboratory, Unit 2C, Antrim
Technology Park, Belfast Road, Antrim, Northern
Ireland, United Kingdom. Interleukin-1b, nitric
oxide, vascular adhesion molecule-1 were
products of RayBio Technology, inc.U.S.A, while
oxidized low-density lipoprotein cholesterol and
monocyte chemoattractant protein are products
of Bioassay Technology Laboratory, Junjiang
Inter. Bldg. 218 Ningguo Rd. Yangpu Dist.
Shangai, China.

2.2 Methods

2.2.1 Experimental design

The rats were kept in compartmentalized cages
and grouped into nine, comprised of twelve
animals each. They were kept under condition of
uniform humidity and temperature on a 12 hour
light- dark cycle and allowed access to standard
pellets and distiled water. The cages were
cleaned daily. The rats were allowed to

acclimatize for two weeks, during which they
were weighed and properly observed for any
changes in their behaviour.

The rats were handled such that: Tramadol was
administered orally at 20 and 40 mg/kg body
weight (BW), while caffeinated drink and alcohol
were administered orally at 10 and 2 ml/kg BW
respectively to the rats such that: rats in group A
received distilled water, groups B and C rats
received 40 and 20 mg/kg BW of tramadol in
distilled water respectively, groups D and E
received 40 and 20 mg/kg BW of tramadol in 10
mi’lkg BW of caffeinated drink respectively,
groups F and E received 40 and 20 mg/kg BW of
tramadol in 2 ml/kg BW of alcohol respectively
and groups H and | received 10 and 2 ml/kg BW
caffeinated drink and alcohol respectively. The
administration lasted 56 days, during which the
six (6) rats in each group were sacrificed after
twenty eight days (4 weeks), while the remaining
six rats were sacrificed after 56 days (8 weeks)
of administration. The body weights of the rats
were monitored during the administration.
Conversion from human dose of tramadol to
animal dose was done using the equation by [7].

2.2.2 Collection of plasma and serum

The male rats were subjected to overnight fast
and anaesthetized using diethyl ether. Blood was
collected via cardiac puncture and plasma, and
serum was prepared for each drawn blood.
Organs of interest, such as the liver, intestine,
kidney and brain were harvested immediately,
cleansed of blood, adjoining tissues or metabolic
waste and rinsed with normal saline solution, and
weighed. The organs were minced and a small
part was fixed in 10% formosaline or
formocalcium for histopathology examinations.

2.2.3 Determination of health indices
2.2.3.1 Oxidative status

Standard procedures / methods
spectrophotometric methods described by [8] for
reduced glutathione and total protein thiol, [9] for
nitric oxide (NO), [10] for malondialdehyde, [11]
for protein carbonyl and [12] for paraoxonase.

2.2.3.2 Immunological proteins

Standard procedures /methods as instructed in
the ELISA reagent kit manual were used for the
determinations of the concentrations of
interleukin 1B, vascular cell adhesion molecule,
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monocyte chemotactic protein-1f and oxidized
low density lipoprotein cholesterol.

2.2.3.3 Enzymes

Standard procedures /methods as instructed in
the ELISA reagent kit manual were used for the
determinations of the activity of acetylcholine
esterase and paraoxonase.

2.2.4 Histopathology

Histological procedures were performed in the
liver and brain accordingto the method of [13]
Avwioro, 2010.

2.2.5 Statistical analysis

This research work was a completely
randomised design (CRD). Results were
expressed as mean =+ standard error of
mean(S.E.M.). Data generated were subjected to
two ways analysis of variance (ANOVA), after
which Tukey Test was conducted in other to
identify the variation within the treatment group,
using Graphpad prism8 statistical software. P-
value <0.05 was regarded as statistically
significant and denoted by alphabets.

3. RESULTS
3.1 Oxidative Indices

The results obtained in the oxidative indices were
presented in Tables 1 and 2. In Table 1, the
blood concentration of nitric acid increased
across the groups in no duration dependent
manner (p<0.05), except in group C (20 mg/kg
BW of tramadol) at four weeks of administration.
In the liver, the concentration of reduced
glutathione (GSH) decreased across the groups,
while marked decreases were also recorded in
the brain GSH in some of the groups in no
definite manner (p<0.05). Surprisingly, the
concentration of GSH increased in the blood in a
non-consistent and definite manner (p<0.05),
except in rats in group D and E at both weeks,
and group G at four weeks. Still in Table 1, the
concentration malondialdehyde (MDA) increased
markedly (p<0.05) in the brain and liver of rats
across the groups in a somewhat duration
dependent manner, except in the liver of rats in

group C at both weeks, and groups H and | at
four weeks (p>0.05). In the blood, MDA
concentrations were increased only in rats in
group F at both weeks and groups D, E and G at
eight weeks (p<0.05).

In Table 2, the total protein thiol (TPT) content
decreased in the brain and liver of rats in an
inconsistent manner across the groups, except in
the brain of rats in groups B, C and H at four
weeks of administration (p>0.05). However,
marked decreases were obtained only in the TPT
content in the blood of rats in groups F, G and H
(p<0.05). The protein carbonyl (PC) contents
increased in the liver and brain in an inconsistent
manner across the groups (p<0.05), except in
the liver of rats in group C and brain in groups B
and C at both weeks, and groups E and H at
eight and four weeks respectively (p>0.05).
Interestingly, the concentration of protein
carbonyl in the blood were not altered (p>0.05)
across the groups (Table 2).

3.2 Inflammatory and
Proteins

Immunological

Depicted in Table 3 were the concentrations of
the acute phase proteins and oxidized low
density lipoprotein cholesterol (ox-LDLC) in rats
administered tramadol, caffeinated drink and
whisky. Marked increases (p<0.05) were
recorded in the concentration of ox-LDLC in the
plasma of rats in a somewhat duration
dependent manner, with exceptions in group B at
both weeks, groups H and | at four weeks
(p>0.05) and reductions (p<0.05) in rats in group
C (Table 3). Similar increases were presented
across the groups (p<0.05) in the monocyte
chemotactic protein-1 (MCP-1) like that ox-LDLC
concentrations, except in rats of groups B and H
at both weeks, and group E rats at four weeks
(p>0.05), as well as reductions (p<0.05) in rats in
group C. The concentrations of interleukin-1f in
the serum increased in an inconsistent manner
across the groups (p<0.05), except in rats in
groups B and C at both weeks, and H, at four
weeks (p>0.05). The serum concentrations of
vascular cell adhension molecule depicted
increases (p<0.05) akin to those of ox-LDLC and
MCP-1, but with no alterations (p>0.05) in groups
B, C G and | at four weeks, and reduction (p<0.0)
at eight weeks in group C (Table 3).
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Table 1. Patterns of some oxidative indices in male wistar rats administered with tramadol, caffeinated drink and alcohol

educed glutathione Malondialdehyde (UM )
Brain PlasmalLiver Brain Blood

s )
z |2
~ —

Nitric oxide
(ng/ml)

<X <X <X <X

<X <X <X

Group
A B C D E F G H |
1.62 + 0.05° 1.78 + 0.10™ 1.47 + 0.11° 1.44 +0.13° 1.54 + 0.12° 1.82 + 0.06° 1.56 + 0.082 1.56 + 0.10° 1.31+0.10°
1.48 + 0.11° 1.69 + 0.10% 1.56 + 0.10° 1.80+ 0.08" 1.88 + 0.09° 1.96 + 0.10° 1.97 + 0.12° 1.52 + 0.12° 1.44 + 0.09°
13.55+ 0.78° 32.58 + 2.34° 25.04 + 1.52° 40.18 +2.34° 33.87 +3.22° 51.04 +2.98" 42.80 + 3.62° 18.56 + 1.40° 27.39 +1.78°
12.87 +1.21° 29.26 + 1.62% 22.73+2.48° 4467 +2.81° 36.92+205"° 56.49+3.28" 4454 +1.75° 22.40 +1.83" 31.66 + 2.53°
17.71 + 1.09° 22.90 + 1.46% 23.20 +2.65"° 31.69+2.16° 39.36+2.51° 36.95+2.54° 3593+ 2.69 22.11 + 1.40% 24.63 + 1.24%
20.23 + 2.50% 29.03 + 1.77° 22.87 +0.98% 38.34+2.06° 35.85+3.29% 39.22+1.83" 35.74+1.80* 25.58 + 1.10° 28.61 +2.27™
0.36 + 0.03* 0.45 + 0.03"° 0.42 + 0.00° 0.40 + 0.03*  0.41+0.01* 0.53+ 0.00"®  0.47 +0.03° 0.50 + 0.00% 0.57 + 0.02°
0.35+0.022 0.51 + 0.02% 0.44 +0.00™  0.41+0.01* 0.37+0.03* 0.57 + 0.05° 0.40 + 0.02%* 0.48+ 0.01° 0.52 + 0.00¢
0.42 +0.04%" 0.40+0.05% 0.38+0.02%" 0.28+0.02° 0.35+0.01° 0.31+0.05" 0.36+0.07%" 0.28+0.00° 0.23 + 0.03°
0.44+0.07° 0.34 +0.01° 0.39+0.03*®  0.31+0.06™ 0.30+0.03"° 0.28+0.01° 0.31+0.02"° 0.26+0.04° 0.22 + 0.00°
1.02 + 0.08% 0.68 + 0.08"° 0.81 + 0.06" 0.40 + 0.08° 0.53 + 0.05% 0.38 + 0.07° 0.44 + 0.05° 0.77 £ 0.02° 0.75+ 0.09"
1.02 + 0.10° 0.53 + 0.04* 0.78 + 0.10° 0.45 + 0.00° 0.49 + 0.06° 0.32 +0.10° 0.45 + 0.07° 0.74 + 0.08° 0.60 + 0.05°

167.54 + 5.89°
159.73 + 9.03°

202.78 +7.71"°
218.65 + 6.84°

174.33+9.91%
181.99+7.22°

254.42+8.70%
271.55+8.13°

225.61 +10.09°
210.85 + 6.29°

247.18 + 9.31°
271.83+9.67°

252.63+6.46%
231.55 +7.43%

200.89 + 6.62"°
187.27 + 9.66"

244.89 + 10.72°
238.76 +11.36°

Note: A-Control, B-40 tramadol, C-20 tramadol, D-40 tramadol and caffeinated drink, E-20 tramadol and caffeinated drink, F-40 tramadol and alcohol, G-20 tramadol and alcohol, H-caffeinated drink, |-
alcohol.(Tramadol in mg/kg body weight) (Caffeinated drink and alcoholwere 10 and 2 ml/kg body weight respectively). X denotes 4weeks, Y denotes 8 weeks. Values are means + SEM and mean values bearing
different alphabets are significantly different (P<0.05)
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Table 2. Protein carbonyl and thiol concentrations in male Wistar rats administered with tramadol, caffeinated drink and alcohol

Group
A B C D E F G H [

—~ | 3 |X 2516235 27.81+204° 24.76 + 1.53° 28.31 + 2.54° 26.08 +2.17° 25.83+3.34% 27.91+3.71° 24.77 + 2.00° 25.43 + 3.40°
=S | & |Y 2270+348" 22.39:282° 25.90 + 2.31% 27.22+ 1.96" 26.40 + 2.79% 23.69+1.87° 25.02 +2.57° 22.58 +2.62° 25.16 + 1.89%
c = m
§ g c | X 3053+191° 31.39%274 27.91 +1.42° 44.69 + 2.18° 39.27+#1.91%  5753+3.74' 46.83+2.71%  33.67+2.53" 40.22 + 2.68"
So | 8 |Y 2857+163" 3061+1.84"  30.87+2.11° 52.54 + 3.17' 32.41+275°  5529+4.03  47.90+3.31°  37.42+180" 46.51 + 1.47%°

£ m
= | . | X 4L30%271% 3319+344° 3562292  6214+405° 57.58+347°  7841%379  6408+516"  4529%276% 32.58 £ 2.09"
5 € ® |Y 3889+1.85" 50.11%574%  38.27+223° 58.39 + 2.66" 57.29 + 3.62° 81.53+4.86'  68.40 + 3.36° 50.72 + 4.41% 47.38 + 3.27°
ac |3
o g | X 6503:532" 60.14% 6.49"°  63.83+4.28"  62.67+451* 59.18+537*  5252+528" 53.65+4.06" 54.43 + 3.74° 59.74 + 4.61%
£ @ |Y 6L78+4.96 61.33+526"  60.76+3.99"  6291+6.02"  61.52+4.74"  44.47+520° 5377%541° 51.26 + 5.39" 57.65 + 6.23%
()] =
3 [a
3 < | X 8271%4.66° 74.53+5.22% 78.34+6.04% 55.73+3.16" 50.81+4.42° 51.67+5.45°  56.08+6.05° 78.61+2.78% 60.27 + 3.86°
= = Y 90.84+7.29°  62.16+7.36" 71.58+3.78° 57.22+5.35° 55.49+3.61° 50.30+2.67"  50.44+4.92° 65.10+7.22"° 52.78 + 6.41°
cT | @

TT | 5 |X 15251%811% 9593542  103.65+549° 96.34+6.07°  99.67+581°  7164+573° 80.46+472°  9163%6.01" 108.90 + 5.54°
g © | > |Y 146.89+6.73% 80.66 + 7.22° 111.04+ 6.90° 94.72+3.21"  100.56 +7.23° 65.89+7.37° 74.39+6.52" 100.44 + 4.68" 109.31 + 7.87"
o .|

Note: A-Control, B-40 tramadol, C-20 tramadol, D-40 tramadol and caffeinated drink, E-20 tramadol and caffeinated drink, F-40 tramadol and alcohol, G-20 tramadol and alcohol, H-caffeinated drink, |-
alcohol.(Tramadol in mg/kg body weight) (Caffeinated drink and alcoholwere 10 and 2 ml/kg body weight respectively). X denotes 4weeks, Y denotes 8 weeks. Values are means + SEM and mean values bearing
different alphabets are significantly different (P<0.05)
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Table 3. Some cytokines and oxidized low density lipoprotein cholesterol concentrations in Wistar rats administered tramadol, caffeinated drink and alcohol

Parameter Group

Week A B C D E F G H [
Oxidized X 88.79+3.81*  79.59+4.40® 67.65+5.06° 128.84+3.91% 114.99+6.55° 131.90+6.01' 100.44 +4.61° 91.55+5.82%* 80.45 + 3.90°
LDL-C (ng/ml) Y 83.50 +5.20° 9556 +3.25° 60.15+7.00° 132.35+4.69° 103.75+4.81° 142.01+5.60° 150.06 +4.34° 101.45 + 4.15° 110.56 + 4.48%
Interleukin-1B X 96.00 + 4.10°  101.45+2.61* 106.55 +3.06° 294.99+5.02' 205.90+6.00' 184.45+4.50° 188.20+4.65° 115.10+4.01*°  134.65+5.80°
(ng/ml) Y 104.45 + 3.29° 98.50 + 2.44*  101.64+3.31* 255.80 +6.89" 221.76 +4.70° 202.50 +5.69' 172.45+6.10° 128.55+5.00°  155.15 + 4.65°
Monocyte X 185.30 £ 8.11*  168.60 +11.04*° 160.55+ 7.10° 226.00 £7.31°°  204.69 + 6.81*° 242.75 + 8.90% 244.56 +9.06" 202.55+11.80*°  255.54 + 8.69°
chemotactic Y 193.81 +6.32% 180.49 +8.31° 155.84 +10.61° 260.45+8.20° 220.60 +8.15° 300.04 + 12.41" 256.00 + 9.39° 191.01 +7.99% 260.40 + 9.22°
protein-1 (pg/ml)
Vascular cell X 23.25+1.22%" 1860+ 1.68*°  18.45+242* 36.10+2.41° 31.56+2.38% 26.21+1.80 22.10+2.04*  25.80 +2.39*™ 25.35 + 1.01%
adhesion Y 20.89 +2.38%  26.80+2.69™ 1559+1.41°  39.41+1.89° 43.74+2589 48.25+3.09° 27.20+1.45  28.20 + 3.42™ 30.85 + 2.50°

molecule (ng/ml)

Note: A-Control, B-40 tramadol, C-20 tramadol, D-40 tramadol and caffeinated drink, E-20 tramadol and caffeinated drink, F-40 tramadol and alcohol, G-20 tramadol and alcohol, H-caffeinated drink, |-
alcohol.(Tramadol in mg/kg body weight) (Caffeinated drink and alcoholwere 10 and 2 ml/kg body weight respectively). X denotes 4weeks, Y denotes 8 weeks. Values are means + SEM and mean values bearing
different alphabets are significantly different (P<0.05)
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Table 4. Activity of acetylcholine esterase and paraoxonasein wistar rats administered tramadol, caffeinated drink and alcohol

Parameter Group

Week A B C D E F G H [
Acetylcholine X 253.45+6.24%° 328.15+ 10.25° 315.62 +8.65° 291.99+9.75° 300.05+ 10.61° 328.85+12.56° 301.92 +8.45° 260.21+9.85° 274.66 +11.51°°
esterase (Uml) Y 235.78 +8.10° 310.55+7.29° 29594 +6.26" 300.67 +5.34° 292.89 +8.38°" 294.74+9.81° 287.45+6.64° 302.34+7.71° 268.20 +8.75"
Paraoxonase X 9.56 + 0.81° 8.04 + 0.75% 11.07 £0.78*° 554 +0.30°  5.97+0.85" 3.02 + 0.33™ 4.47 +1.00” 5.88 + 0.80° 14.77 + 1.46°
(umol/g tissue) Y 11.31+1.31*°  6.26 + 0.63" 13.92 +0.85° 3.41 +0.51% 5.06 + 0.77" 2.51 + 0.69° 3.55 + 0.50 4.04 + 0.57° 11.18 +1.01%¢

Note: A-Control, B-40 tramadol, C-20 tramadol, D-40 tramadol and caffeinated drink, E-20 tramadol and caffeinated drink, F-40 tramadol and alcohol, G-20 tramadol and alcohol, H-caffeinated drink, |-
alcohol.(Tramadol in mg/kg body weight) (Caffeinated drink and alcoholwere 10 and 2 ml/kg body weight respectively). X denotes 4weeks, Y denotes 8 weeks. Values are means + SEM and mean values bearing
different alphabets are significantly different (P<0.05)
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3.3 Activities of Aetylcholine Esterase
and Paraoxonase

The respective activities of acetylcholine
esterase (AChE) in the plasma and paraoxonase
(PON-1) in the liver homogenate were presented
in Table 4. The PON-1 activities presented
increases (p<0.05) in rats in group C at eight
weeks and | at four weeks, but were unchanged
(p>0.05) at the other weeks in the same rats and
group B at four weeks. However, decreases that
were partly duration dependent (p<0.05) were
obtained in the PON-1 activities across the other
groups of rats. In Table 4, the activities of AChE
increased in no definite pattern across the
groups (p<0.05).

3.4 Histopathology

The observations revealed in the
histopathological analyses of the liver, kidney,
small intestine and brain after eight weeks of
administration were depicted in Plates 1-28. In
the photomicrographs of the liver, Plates 1-9, the
liver of six of the rats depicted unaltered histo-
architecture with normal sinosoids and central
venules without inflammation (Plates 1-3, 5 and
8), while three indicated mild-moderately
dilatated sinosoids and normal central venules
(Plates 4, 6, 7 and 9).The photomicrographs of
the kidney of some of the rats indicated normal
nephrons with preserved renal cortex, glomeruli
containing normal mesengial cells and normal
cuboidal epithelial arrangement (Plates 10, 12
and 17) and mild congestion in the capsular
spaces of the glomeruli, but with normal
preserved renal cortex (Plates 11, 13, 14 and
18). However, the photomicrographs of the
kidney of other groups depicted mild to moderate
normal renal cortex, mild-moderate congestion in
the capsules, tubular necrosis with severe renal
cast with high nucleo-cytoplasmic ratio and
lymphocyte infiltration (Plates 15 and 16).

The  observations on some of the
photomicrographs of the jejunum of the rats
indicated mild-moderate mucosa layers with
varied grades of inflammed intestinal glands and
infiltration of inflammatory cells, involving the
lamina propria that were necrotic in some (Plates
20, 22, 24-28), with exceptions in Plates 19, 21
and 23that had normal mucosa layers with good
epithelium lining and intestinal glands.
Indications in the photomicrographs of the brain
of rats revealed that the metabolite(s) of tramadol
and whisky, either singly or in synergy had varied
effects (mild-moderate-severe) on the neurones

(Plate 28). Only photomicrograph H depicted no
alterations in the neuronal arrangement,
morphology nor neurodegenrative features.

4. DISCUSSION

Consequential liabilities of drug abuse were
highly underestimated in developed and
developing countries and the evidence of abuse
of drugs and dependence have rendered many
adolescent and young adults medical
unfit,unproductive economically and dead. The
trends we reported in the concentrations of nitric
oxide (NO*) in rats administered tramadol,
caffeinated drink and whisky (Table 1) indicated
the activation and or induction of nitric oxide
synthase (NOS). The increases in NO*
concentration might be to enhance the flow of
blood in circulation to meet probable increased
demand in metabolic activities or regulate the
vascular tone, but these could predispose to the
generation of free radicals via oxidative
modifications by oxygen-derived reactive
species, such as anion superoxide (O°),
hydrogen peroxide (H,O,) and hydroxyl radical
(OHe) to form ‘reactive nitrogen species’ (RNS)
[14]. This is because the continuous production
of NO* can be potentially fatal as RNS are
formed, and are the main cause of cellular
damage. Although, the cytoprotective and
cytotoxic capabilities of NO* is the function of the
concentration  of  NO*  biotransformation
processes as well as the isoforms of NOS [15].

The patterns we reported in the concentrations of
reduced glutathione in the brain and liver of rats
(Table 1) were pointers to inductions of reactive
oxygen species (ROS). This gave credence to
the alleged cytotoxicity in the increased NO*
concentrations. Reduced glutathione (GSH) has
a multifactorial role in the antioxidant defense
system, as it is a direct scavenger of free radicals
that neutralizeshydrogen peroxide (H,O,) and or,
indirectly by repairing initial damage to
macromolecules inflicted by H,0O,, as well as, a
co-substrate for peroxide detoxification by
glutathione peroxides [16,17]. Although, the
trends in the GSH concentrations in the plasma
(Table 1) did not support directly the induction of
ROS indicated in the brain and liver, but might be
that the metabolites of tramadol, caffeinated
drink and alcohol were not cytotoxic to the blood
and or, had little or no effects on the cells of
blood. It can also be a biological response to the
induction of ROS. This is because scavenging or
neutralization of the free radicals generated
during cellular metabolism can necessitate the
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direct increase in the activities of both enzymatic  some of the rats (groups D, E and G), but the
and non-enzymatic antioxidative systems in later was more likely as other groups of rats
order to prevent oxidative cell damage [18]. indicated increases in the plasma GSH levels
Although, the former seemed more logical due to  (Table 1).

the insignificant increases (p<0.05) reported in

Plate 1. Photomicrograph of the liver section of rat in the control group. The histo-architecture
(blue arrow), sinusoids (slender arrow) and central venules appeared normal, not congested
(white arrow) andwithout infiltration of inflammatory cells. The hepatocytes were normal.H&E

Plate 2. Photomicrograph of the liver section of rat administered 40 mg/kg body weight of
tramadol.The histoarchitexture were moderately normal architecture (blue arrow), the central
venules showed mild vascular congestion (black arrow), the sinusoids were normal (slender

arrow) without infiltration of inflammatory cells.The hepatocytes were normal. H&E
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Plate 3. Photomicrograph of the liver section of rat administered 20 mg/kg body weight of
tramadol.The histo-architecture (blue arrow), sinusoids (slender arrow) and central venules
appeared normal, not congested (white arrow) andwithout infiltration of inflammatory cells.The
hepatocytes were normal . H&E

Plate 4. Photomicrograph of the liver section of rat administered 40 mg/kg body weight of
tramadol and 10 ml/kg body weight of caffeinated drink.The histo-architecture (blue arrow),
sinusoids were mildly dilatatedwith scanty infiltration of inflammatory cells(slender arrow) and
central venules appeared normal, not congested (white arrow) andwithout infiltration of
inflammatory cells. The hepatocytes were normal. H&E
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Plate 5. Photomicrograph of the liver section of rat administered 20 mg/kg body weight of
tramadol and 10 ml/kg body weight of caffeinated drink. The histo-architecture appeared
normal with the central venules (blue arrow), sinusoids were congestive (while arrow) with
blood cells (slender arrows) without infiltration of inflammatory cells. The hepatocytes were
normal. H&E

X400

Plate 6. Photomicrograph of the liver section of rat administered 40 mg/kg body weight of
tramadol and 2 ml/kg body weight of alcohol. The histo-architecture indicated necrotized
hepatocytes with hyperchromatic nuclei (blue arrow), moderately dilatated sinusoidswith
infiltration of inflammatory cells and red blood cells(slender arrow) and normal central venules
that were not congested (white arrow).The hepatocytes were normal . H&E
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Plate 7. Photomicrograph of the liver section of rat administered 20 mg/kg body weight of
tramadol and 2 ml/kg body weight of alcohol. The histo-architecture indicated perivenular
necrosis with hyperchromatic nuclei (blue arrow), moderately dilatated sinusoidswith
infiltration of inflammatory cells and red blood cells(slender arrow) and normal central venules
that were not congested (white arrow).The hepatocytes were normal. H&E

X400

Plate 8. Photomicrograph of the liver section of rat administered 10 ml/kg body weight of
caffeinated drink. The histo-architecture (blue arrow), sinusoids (slender arrow) and central
venules appeared normal, not congested (white arrow) andwithout infiltration of inflammatory
cells. The hepatocytes were normal.H&E
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Plate 9. Photomicrograph of the liver section of rat administered 2 ml/kg body weight of
alcohol. The histo-architecture was mildly congested (blue arrow), the sinusoids were mildly
dilatatedwith scanty infiltration of inflammatory cells (slender arrow) and central venules
appeared normal, not congested (white arrow) andwithout infiltration of inflammatory cells.
The hepatocytes were normal. H&E
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Plate 10. Photomicrograph of the kidney sectionof rat in the control group.The histo-
architecture was normal with the renal cortex (white arrow) with the glomeruli containing
normal mesengial cells and capsular space andthe renal tubules were preserved with normal
cuboidal epithelial arrangement (blue arrow) and no pathological lesion. The interstitial spaces
were normal and not infiltrated (slender arrow). H&E
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Plate 11. Photomicrograph of the kidney section of rat administered 40mg/kg body weight of
tramadol. The histo-architecture was normal with mildly congested renal cortex (white arrow)
and the glomeruli containing normal mesengial cells and capsular space (black arrow).The
renal tubules were preserved with normal cuboidal epithelial arrangement (blue arrow) and no
pathological lesion, and the interstitial spaces were normal and butmildly infiltrated(slender
arrow).H&E

Plate 12. Photomicrograph of the kidney sectionof rat administered 20mg/kg body weight of
tramadol.The histo-architecture was normal with the renal cortex (white arrow) with the
glomeruli containing normal mesengial cells and capsular space andthe renal tubules were
preserved with normal cuboidal epithelial arrangement (blue arrow) and no pathological
lesion. The interstitial spaces were normal and not infiltrated(slender arrow).H&E
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Plate 13. Photomicrograph of the kidney section of rat administered 40 mg/kg body weight of
tramadol and 10 ml/kg body weight of caffeinated drink. The histo-architecture indicated mildly
normal renal cortex and glomeruli with normal mesengial cells and capsular spaces that were
mildly congested (white and blue arrow). The renal tubules were preserved with normal
cuboidal epithelial arrangement (black arrow) and no pathological lesion. The interstitial
spaces were normal, but mildly infiltrated (slender arrow). H&E

Plate 14. Photomicrograph of the kidney section of rat administered 20 mg/kg body weight of
tramadol and 10 ml/kg body weight of caffeinated drink. The histo-architecture was normal
with the renal cortex with the glomeruli containing normal mesengialcells in side and between
capillary glomerulusand capsular space, but mildly congested(white and blue arrow).The renal
tubules were preserved with normal cuboidal epithelial arrangement (black arrow) and no
pathological lesion, and the interstitial spaces were normal and butmildly infiltrated(slender
arrow). H&E
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Plate 15. Photomicrograph of the kidney sectionof rat administered 40 mg/kg body weight of
tramadol and 2 ml/kg body weight of alcohol. The histo-architecture indicated moderately
normal renal cortex (white arrow) and glomeruli with mildly normalglomeruli
elements(mesengial cells and capsular spaces) that were mildly congested (black arrow). The
renal tubules indicated moderate tubular necrosis (red arrow) with severe renal casts within
the tubules luminar spaces (blue arrow) and the epithelia of the tubules had high nucleo-
cytoplasmic ratio(slender arrow). The interstitial spaces were normal, but moderately
infiltrated. H&E

Plate 16. Photomicrograph of the kidney section of rat administered 20mg/kg body weight of
tramadol and 2 ml/kg body weight of alcohol.The histo-architecture indicated mildly normal
renal cortex (white arrow) and glomeruli with mildly normalglomeruli elements(mesengial cells
and capsular spaces) that were mildly congested (black arrow). The renal tubules indicated
moderate tubular necrosis (red arrow) with severe renal casts within the tubules luminar
spaces (blue arrow) and the epithelia of the tubules had high nucleo-cytoplasmic ratio(slender
arrow). The interstitial spaces were normal, but moderately infiltrated. H&E
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Plate 17. Photomicrograph of the kidney sectionof rat administered 10 ml/kg body weight of
caffeinated drink.The histo-architecture was normal with the renal cortex (white arrow) with the
glomeruli containing normal mesengial cells and capsular space andthe renal tubules were
preserved with normal cuboidal epithelial arrangement (blue arrow) and no pathological
lesion. The interstitial spaces were normal and not infiltrated (slender arrow). H&E
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Plate 18. Photomicrograph of kidney section of rat administered 2 ml/kg body weight of
alcohol. The histo-architecture was mildly normal with the renal cortex (white arrow) with the
glomeruli containing normal mesengial cells and capsular space (black arrow).The renal
tubules had moderate tubular necrosis (red arrow)with mild vascular congestion (black arrow),
but preserved with normal cuboidal epithelial arrangement (blue arrow) and no pathological
lesion, and the interstitial spaces were normal and mildly infiltrated(slender arrow). H&E
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Plate 19. Photomicrograph of the intestinal (jejunum) sectionof rat in the control group.The
histo-architecture was normal with the preserved mucosa layer, the epithelium lining through
to the villi (white arrow). There were normal intestinal glands (slender arrow) and the
muscularis externa containing inner circular (blue arrow) and outer longitudinal muscle (red
arrow). H&E

Plate 20. Photomicrographof the intestinal (jejunum) sectionof rat administered 40mg/kg body
weight of tramadol. The histo-architecture was normal with the preserved mucosa layer, the
lining epithelium through to the villi (white arrow). There were normal intestinal glands
(slender arrow) and the muscularis externa containing inner circular (blue arrow) and outer
longitudinal muscle (red arrow). H&E
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Plate 21. Photomicrographof the intestinal (jejunum) sectionof rat administered 20mg/kg body
weight of tramadol. The histo-architecture was normal with the preserved mucosa layer, the
lining epithelium through to the villi (white arrow). There were normal intestinal glands
(slender arrow) and the muscularis externa containing inner circular (blue arrow) and outer
longitudinal muscle (red arrow). H&E

Plate 22. Photomicrographof the intestinal (jejunum) sectionof rat administered 40mg/kg body
weight of tramadol. The histo-architecture was moderately normal with mildly sloughed villi
and shortened villi (white arrow) of the mucosa layer (black arrow). There are severely
inflammed intestinal glands with severe infiltration of inflammatory cells involving the lamina
propria(slender arrow). The muscularis externa containing inner circular muscle (blue arrow)
and outer longitudinal muscle appear normal (red arrow). H&E
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Plate 23. Photomicrograph of the intestinal (jejunum) sectionof rat administered 20 mg/kg
body weight of tramadol and 10 ml/kg body weight of caffeinated drink. The histo-architecture
was normal with the preserved mucosa layer, the epitheliumlining through to the villi (white
arrow). There intestinal glands and lamina propria were mildly infiltrated by inflammatory cells
(slender arrow) at lymphatic nodules (black arrow) in the submucosa region, but the
muscularis externa containing inner circular muscle (blue arrow)and outer longitudinal muscle
(red arrow) were normal . H&E
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Plate 24. Photomicrograph of the intestinal (jejunum) section of rat administered 40mg/kg
body weight of tramadol and 2 ml/kg body weight of alcohol.The histo-architecture was mildly
normal with intravilli infiltration, but normal villi (white arrow) of the mucosa layer (black
arrow). There are inflammed intestinal glands with moderate infiltration of inflammatory cells,
the lamina propria are infiltrated as well (slender arrow). The muscularis externa containing
inner circular muscle (blue arrow)and outer longitudinal muscle were normal (black arrow).
H&E
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Plate 25. Photomicrograph of the intestinal (jejunum) section of rat administered 20 mg/kg
body weight of tramadol and 2 ml/kg body weight of alcohol. The histo-architecture was
normal with the preserved mucosa layer, the lining epithelium through to the villi (white

arrow). There intestinal glands and lamina propria were mildly infiltrated by inflammatory cells
(slender arrow) at lymphatic nodules (black arrow) in the submucosa region, the muscularis
externa containing inner circular muscle (blue arrow)and outer longitudinal muscle (red
arrow). H&E
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Plate 26. Photomicrograph of the intestinal (jejunum) section of rat administered 10 ml/kg body
weight of caffeinated drink.The histo-architecture was mildly normal with the preserved
mucosa layer,masisive lymphoid aggregate extending from submucosa layer to the mucosa
regions(black arrow), the mucosa layer villi were short(white arrow). There intestinal glands
are severely infiltrated by inflammatory cells (white arrow), but were normal (slender arrow)
with the muscularis externa containing inner circular (blue arrow) and outer longitudinal
muscle (red arrow). H&E
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Plate 27. Photomicrographof the intestinal (jejunum) section of rat administered 2 ml/kg body
weight of alcohol.The histo-architecture was mildly normal with the preserved mucosa layer,
the epithelium lining through to the villi (white arrow). There intestinal glands and lamina
propria were mildly infiltrated by inflammatory cells (slender arrow) at the lymphatic nodules
(black arrow) in the submucosaregion, the muscularis externa containing inner circular
muscle (blue arrow)and outer longitudinal muscle (red arrow). H&E
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Plate 28. Photomicrographs of the brain of the rats administered tramadol, caffeinated drink
and alcohol (A =1).In A, the neuronal cells were well preserved and devoid of
neurodegenerative features. In B, C and E, there were abundant blood vessels (yellow arrows)
and the morphology of the neurons was mildly distorted (black arrows), but devoid of
neurodegenerative features. In D, there were various neurodegenerative features such as
chromatolysis, neuronal cavitation, and neuronal perinuclear spacing (red arrows) and
vacuolation in the stroma (yellow arrow). In F and G, there are abundance of swollen blood
vessels (yellow arrows) and glial cells in the neurophil, neuronal cavitation and vacoulations.
In H, neuronal cells were well preserved and devoid of neurodegenerative features. In |, the
morphology of the neurons was mildly distorted (black arrows), but devoid of
neurodegenerative features
Note: A-Control, B-40 tramadol, C-20 tramadol, D-40 tramadol and caffeinated drink, E-20 tramadol and
caffeinated drink, F-40 tramadol and alcohol, G-20 tramadol and alcohol, H-caffeinated drink, I-alcohol.
(Tramadol in mg/kg body weight) (Caffeinated drink and alcohol were 10 and 2 ml/kg body weight respectively)
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The decreases recorded in the concentration of
protein thiol in the liver and brain and supported
the alleged induction of ROS by the
administration of tramadol, caffeinated drink and
alcohol, which were further strengthened when
co-administered (Table 2). However, the plasma
protein thiol levels weakly supported the alleged
induction of ROS in the tramadol and caffeinated
drink singly or co-administered rats, but the
whisky administered rats supported it strongly.

Reversible  protein  thiol  oxidations  or
modifications have been demonstrated in
proteins with a range of functions, including;
signal  transduction, ion transport and

contractility, and protein metabolism [19,20]. The
sulfhydryl groups (thiol) in proteins are very
susceptible to oxidative damage and are often
low in patient suffering from diseases and
infections. That is, depletion in levels of protein
thiols are linked to many medical disorders, such
as chronic renal failure and other kidney
disorders, cardiovascular disorders, stroke, and
other neurological disorders, diabetes mellitus,
alcoholic  cirrhosis and  several other
degenerative or metabolic disorders [21].

The measurement of malondialdehyde (MDA), a
lipid peroxidation product, is the mostly used
biomarker to investigate the levels of oxidative
damage on lipids that are the major target of
ROS [22]. The trends we obtained in the
concentration of MDA in the liver and brain
supported the induction of ROS by the
administration of tramadol, caffeinated drink and
alcohol (Table 1). Although, the MDA levels in
the liver of rats administered tramadol singly did
not support the induction of ROS, as well as,
single alcohol administration at four weeks.
However, the few inconsistent increases
recorded in the blood MDA levels in some groups
of rats (groups D, E, F and G) supported the
cytotoxicity of the co-administration of tramadol,
caffeinated drink and whisky.

The increase obtained in the protein carbonyl
(PC) concentrations in the liver and brain of the
groups co-administered tramadol, caffeinated
drink and alcohol (Table 2) supported the
induction of oxidative stress indicated by the
results of protein thiols, MDA and GSH.This can’t
be farfetched as MDA do interact with proteins
and is itself potentially atherogenic.That is, MDA
can react with the free amino group of proteins,
phospholipids and nucleic acids leading to
structural modification, which could induce
dysfunctions of immune systems, which are
usually correlated with the pathogenesis of
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various diseases such as tissue damage,
atherosclerosis, stroke, cancer and Graves’
disease etc. [22,23]. However, the trend in the
brain of the groups of rat singly administered
tramadol did not support the induction of
oxidative stress. The results of the PC
concentrations in the blood were surprising, but
somehow in consonance with those of MDA in
the blood. It is plausible that the blood was not a
good target for bio-assimilation / cytotoxicities of
the metabolites of tramadol, caffeinated drink
and alcohol. The results of the GSH and PT
ambiguously supported this assertion in the
blood.

The results obtained in the paraoxonase (PON-1)
activities in the liver of rats administered
tramadol, caffeinated drink and alcohol (Table 4)
indicated the ‘use up’ in the activities of PON-1,
which were partly underlined by the results of PT,
PC and MDA liver concentrations when
examined critically (Tables 1 and 2). These
further strengthened the induction of oxidative
stress by the co-administration of tramadol,
caffeinated drink and alcohol that were not
severe / well established when administered
singly. PON-1 is a hydrolytic enzyme that
protects against lipid peroxidation in lipoproteins.
Paraoxonase in high density lipoprotein
cholesterol (HDL-C) prevent the oxidation of
cholesterol in low density lipoprotein cholesterol
(LDL-C) by prolonging oxidation lag phase, and
reducing peroxides and aldehydes contents in
HDL-C [24]. Therefore, the decreases in PON-1
activities might increase the probabilities of the
oxidation of lipids in LDL-C, which clinically is not
a desired metabolic process.

In Table 4, the patterns presented in the
concentrations of oxidized low density lipoprotein
cholesterol (ox-LDL-C) reflected partly the trends
in the PON-1 activities. The increases in the
activities of PON-1 in the liver of groups C rats
supported the reductions in the concentrations of
oX-LDL-C in the same rats, as well as the
unaltered PON-1 and ox-LDL-C in the liver of
group B rats. In addition, the decreases recorded
in PON-1 activities in the liver of other groups of
rats resulted in corresponding increases in ox-
LDL-C concentrations. Although, there were no
scientific associations yet between ox-LDL-C
concentrations and the severity of inflammation,
as the risks of oxidation of LDL-C did not change
after the adjustment of some inflammatory
markers [25]. However, oxidative modification of
LDL-C and the subsequent engulfment of ox-
LDL-C by macrophages in the vascular walls are
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the significant steps known to promote fatty-
streak  formation, the early lesion of
atherosclerosis [26]. This is because ox-LDL-C
was shown to induce production of monocyte
chemotactic protein-1 (MCP-1) and monocyte-
colony stimulating factor, which lead to severe
inflammatory responses in vascular cells [27].

Monocyte chemotactic protein-1 (MCP-1) is a
key chemokine that regulate migration and
infiltration of monocytes/macrophages. The
migration of monocytes from the blood stream
across the vascular endothelium is a routine
process involved in immunological surveillance of
tissues, to take out infected and or, damaged
cells, as a response to inflammation initiation.
Therefore, the recorded increases in the
concentrations of interleukin-1 (IL-1B) and
vascular cell adhesion molecule (VCAM) in this
study (Table 3) gave credence to the increased
need of monocytes migration from the blood
stream across the vascular endothelium to
support likely macrophage pick up of ox-LDL-C.
VCAM-1 is an endothelial molecule that is
expressed on endothelial cells during
inflammatory responses, while IL-1B is the first
chemokine produced at the onset of
inflammatory response to enhance chemotaxis of
immune cells [28].

The no alterations reported in the concentrations
of ox-LDL-C,MCP-1, VCAM-1 and IL-1b at four
weeks in this study (Table 3), might not mean
that all was well with the rats, but could be that
the progression of the assaults or damage had
not accumulated sufficiently to elicit marked
alteration in their concentrations. This is because
the progression of vascular related disorder is
known as to be insidious and is only evident after
prolonged accumulation of inflammatory
responses. Paradoxically, the increases recorded
in the concentrations of the chemokines and
cytokines (MCP-1, VCAM-1 and IL-1b) (Table 3),
are the confirmation of plausible vascular related
disorder that have been implicated in the
progression of heart diseases and various
metabolic disorders. This is in consonance with
the reports of [29,30] that increases in the
concentrations of chemokines and cytokines
must precede the formation of atherosclerotic
plagues, fatty streaks etc. These results
supported the trends reported in the oxidative
indices (Tables 1, 2 and 4) and might indicate a
reduction in the quality of life. The reduction in
the quality of life is plausible because the
oxidation of the lipid and protein contents in cell
membranes increases the polarity of lipid-phase
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surface charge, as well as an increase in the
formation of protein oligomers, while the number
of thiol (SH) groups, molecular mobility of lipids
and resistance to thermo-denaturation
decreases.

Acetylcholine esterase (AChE) is an enzyme that
hydrolyses the neurotransmitter, acetylcholine by
terminating the action of acetylcholine at the
cholinergic synapses, therebyregulating
cholinergic neurotransmission [31]. AChE is
present in the erythrocytes, brain, autonomic
ganglia, skeletal muscle end-plate etc. The result
presented in the acetylcholine esterase activities
in rats administered tramadol, caffeinated drink
and alcohol (Table 4) suggested decreases in
the concentration of acetylcholine, which could
result in memory, confusion (coordination) and
or, cognitive deficit. This because the donepezil
and rivastigmine used in the treatment of
cognitive  decline, inhibit the action of
acetylcholine esterase in the brain, so that
intracellular acetylcholine concentration
increases to improve learning, memory,
language, coordination etc. [31]. Although, these
increase recorded in AChE activities might be
due also to enzyme induction by the continuous
synthesis of acetylcholine for the excitation of
nerve cells. This is logical as acetylcholine is
always removed at the synapses by AChE and
could have led to bad social adaption. This is in
agreement with the previous report of [32] that
tramadol resulted in increases in AChE activities
and recorded bad social adaption, memory and
cognitive deficits, depression etc.

The results of the oxidative indices (Tables 1 and
2) in the brain supported the trend in the AChE
activities and might be the underlining factors in
the AChE activities obtained. This is because the
brain has a high index of polyunsaturated fatty
acids, thereby making it highly vulnerable to
oxidative damage [33]. Thus, the unregulated
production of ROS in the brain and the attendant
alteration in balance of the antioxidant defense
system have been linked to pathological changes
in  neurodegenerative diseases, such as
Parkinson’s disease (PD) and Alzheimer's
disease (AD) [34,35].

The revelations on the photomicrographs of the
liver and kidney (Plates 1-18), indicated that the
single and co-administration of caffeinated drink
and tramadol at 20 mg/kg body weight did not
compromise the histo-architecture of the
hepatocytes and nephrons, which connoted that
they were not toxic to the organs. Although, the
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co-administration of tramadol at 20 mg/kg body
weight with alcohol indicated toxicities to
hepatocytes and nephrons, but were less to
those of the rats administered tramadol at 40
mg/kg body weight.The photomicrographs of the
intestine (Plates 19-27) and brain (Plate 28)
supported the alleged induction of inflammatory
responses (Table 3) following the administration
of tramadol at 40 mg/kg body weight and or, co-
administration of tramadol and alcohol
andcaffeinated drink. The alterations in the
photomicrographs of brain gave brain gave
credence to the patterns recorded in the
oxidative indices (Tables 1, 2 and 4) and could
be responsible for the increases reported in the
chemokine and cytokine concentrations (Table
3). Although, some photomicrographs of the
kidney and intestinealso indicated remarkable
alterations, but we did not determine the
concentrations of any parameter in them in this
study.

It is plausible that the increases in the chemokine
and cytokine concentrations (Table 3) were the
outcomes of the toxicities of the metabolites of
tramadol, caffeinated drink and alcohol to the
brain and likely the intestine (necrosis was
revealed in some photomicrographs), as the
results of the oxidative indices did not indicate
major toxicity in the blood, except the
concentration of NO* (Tables 1 and 2). The result
obtained in the activities of AChE supported this
assertion as the increased AChE activities might
mean that more cellular communications
(signalling) were on-going, which could be as a
result of massive cellular activities, metabolism
etc. Therefore, the concentration of NO* might be
the cause of the few alterations recorded in the
other oxidative indices, though were not
consistent in the blood.

5. CONCLUSION

The overall patterns of the results presented
indicated that the frequent administration of
caffeinated drinks, alcohol and high dose of
tramadol precipitated dysfunctions in the health
indices. Therefore, the indulgence in the
use/abuse of tramadolwith or without caffeinated
drink or alcohol was highly detrimental to health
and could reduce the quality of life.
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