EFFECT OF THE ANALGESIC TRAMADOL
ON SOME BIOLOGICAL ASPECTS

Magdy A. Hassan®

Tramadol is a centrally acling, binary analgesic which is neither an opiate — derived
nor 1 non steroidal anti-inflammatory drug. It is used for treatment of moderate to
severe pain. The present study investigates some biological aspects such as
leratological eftects, chromosomal aberration and histopathological changes induced
by the use of drug at therapeutic doses 40, and 80mp/kg body weight/day. ALT,
AST activities and creatinine concentration in male rats serum were carried out. The
results showed statistically significant increase in dead and resorbed cmbryos,
decreasc in the fetal body weight, crown rump, and length of rat embryos. Fetuses
have incomplete ossification of skull, central disc, toes, and ribs. Examination of
bone marrow metaphases revealed  structural and  numerical chromosomal
aberrations. These chromosomal aberrations are centromeric atlcnuation, cenlric
fusion, ring shape, end to cnd association, gap, break and stickiness. In addition,
numerical chromosomal aberration werc observed as polyploidy. Vacuoles and some
spermatogonia leaving the basement membrane are observed with a decrease in
amount of sperms in the lumen of seminiferous tubules and a decrease in number of
serm cells. Necrotic cells appeared in Leydig cells with disorganization of some
germinal cells, There was significant increase in ALT, AST cnzymes activitiy and
creatinine coneentration.

Introduction

Tramadol is a centrally acting, binary snalgesic which is neither an
opiute — derived nor a non steroidal anti-inflammatory drug. Tt is a
synthetic morphine — like analgesic used for the treatment ol moderale
to severe puin. The majority of tramadol activity depends on the
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formation of active metabolite. Tramadol’s major active metabolite,
O-desmethyltramadol shows higher affinity for p~ opioid receptor and
has twice the analgesic potency of the parent drugm. Its analgesic
activity is mediated through an agonist action at all types of opioid
receptors with some receptor selectivity. In addition it inhibits nor-
adrenaline uptake and stimulates serotonin release ™. Bioavailability
of a 100 mg oral dose is approximately 75 % and occurs at
approximately two hours after a single 100 mg ora! dose in healthy
subjects. Tramadol plasma levels were maintained at a plateau level
about 200 ng / m] from 4 to 16 h after dosing, while for the reference
formation, that level was sustained from 4 to only 6 hours."”

Constipation, nausea, sedation, sweating, pruritus, and "dry
mouth have been reported with tramadol use for long time.
Respiratory depression was observed at relatively low doses of
tramadol and its metabolite™®. Tramadol is also associated with a
small risk of seizures (fits) and its use is contraindicated in people
with a history of epilepsy(s). The metabolite O~ desmethyltramadol is
more potent in peristalsis than its parent compound. The action of all
tramado! forms depends on opioid receptors, and that of (+) - and (-)
— tramadol also involves adrenoceptors(ﬁ). Weakly mutagenic resuits
are occurred with the use of tramadol in the presence of metabolic
:1cli(\;z,1tion in the mouse lymphoma assay and micronucleus test in
rats .

So, the present study has been conducted to investigate some
biological effects induced by the analgesic tramadol and the risk ol its
toxicity on male and female rats (Rattus norvegicus). Studies on preg-
nant animals are carried out to determine the risk of birth defects and
other reproductive effects.
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Materials and Mecthods

Drugs

Tramadol HCI (Tramal) , 50 mg capsules was obtained from Mina
Pharm, Egypl. Its chemical name is () cis-2-[(dimethylami-
no)methyl]-1-(3-methoxyphenyl) cyclohexanol hydrochloride. The
moleccular weight of tramadol hydrochloride is 299.8. It is a while,
bitter, odorless, crystals . 1t is readily soluble in water and ethanol.

Animals and Treatments

Female adult rats (Rattus norvegicns) weighing 150 — 200 g under
routine laboratory care, were mated in the proportion of 2 females for
every male over night. Each morning a vaginal smear was taken (o
check for the presence of sperms. Day 0 of pregnancy was considered
to be the day on which sperms were found in the vagina,

15 pregnant female rats were randomly divided into 3 groups.
Group one and group two were administered oral therapeutic doses of
Tramadol HCI in distilled water cquivalent to 40 and 80 mg/kg body
weight /day respectively for 14 days from 5th day to 19th day of
gestation. The doses were calculated for rats according to Paget and
Baines (1964)(8) specics interconversion table of dosage. The third
group was served as control.

At the same time, 80 male rats (Rattus norvegicus) weighing
150 — 200 g were divided inlo three groups, group one and two (60
rats) were administered oral therapeutic doses of Tramadol HCI
dissolved in distilled water (40 and 80 mg/kg body weight /day) und
the third one (20 rats) was served as control. All rat groups, except for
colchicine, were sacrificed two hours after drug administration at the
time points. Blood samples were collected, sera were separated and
kept at -20 "C until analysis. Right testes werc removed and prepared
for histopathological examination.
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Biochemical analysis
Alanine aminotransferase (ALT) and Aspartate aminotransferase -
(AST) activities were measured using the method - of Thornas
(1998)%,

Creatinine were measured using the method of Fossati et al.,
(1983119, ‘

Teratological study

Females were sacrificed on day 19 of gestation and fetuses were
counted and weighed, the number of alive, resorbed, and dead fetuses
“were recorded. Fetuses were examined externally to investigate any
abnormalities. Also, fetuses were stained in Alizarin red — S according -
to Weesner and Parry ( 1986)( " and their skeletons were examined.

Cytogenetic study

After treatment, male rats were injected intraperitoneally with colchi-
cine (4mg/kg body weight) and sacrificed two hours latter. The femur
bones were quickly separated.

Chromosomes of bone marrow cells were prepared according to
the modified method of Luck and- Tice (1987) . Chromosomal
aberration assay was performed by screening fifty well metaphases
per animali for scoring different types of aberrations''?,
Histopathological Examination
Treated and control male rats were sacrificed on 10, 20, and 30 days
of treatment, and right testes were picked out. Testes were fixed in
10% neutral buffer formalin. Paraffin sections of 4 — 6 micrometer
thickness were prepared and stained by Hematoxilyne and Eosin for
morphological study(14

Statistical analysis
Data of different groups were compared using Student “t” test. Differ- -
ences at p < 0.05 were considered significant,
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Results - B : -

Table(1) shows Significant increase (p< 0.05) of serum ALT and AST K
activities after administration of tramadol 40 and 80 mg /kg body
weight/duy respectively and clevated serum creatinine levels. The in--.
tensity of the elfect increased by increasing  duration of time and
dose.

Table (2) indicates statistically significant increase in dead arid '
resorbed embryos with tramadol treatment. The resorbed embryos
number wete increased according to the dose. S

Morphological cmmmatlon showed that oral administration of , .
tramadol 40 and 80mg /kg body weight / day respectively to pregnant. .
females for 14 days from 4 — 19 day of gestation induced statistically ::
significant decrease (p< 0.05) in the fetal body weight and crown:.
rump length of rat embryos [Table (3) and Figure ().

Skeletal system observations of 19 days of gestation showed that
fetuses whose their mothers were treated with oral doses of tramadol
40 and 80mg /kg body weight respectively from 4 — 19 day induced
statistically significant decrease (p< 0.05) in body weight and crown
rump. The defects noticed .in the embryos iwere incomplete
ossitication of skull, central disc, toes, and ribs [Table (4) and
Figure (1}].

~ Cytogentic data obtained [rom treated male rats with tramadol
40 and 80mg /kg body weight respectively for 10,20 and 30 days and
fifty metaphase spread examined in every rat were shown in Table (5) '

Examination of bone marrow metaphascs revealed str uctuml and
numerical chromosomal aberrations. These chromosomal aberrations
are centromeric altenuation, centric fusion, ring shape, end to end
assaciution, gap, break and stickiness . All chromosomal aberration
were signilicantly increased (p< 0.05) in rats alter 20 days treatment
and increased by increase duration of time [Table (6), Figure (2)]. In
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addition, numerical chromosomal aberration were observed as
polyploidy [Figure (2)].

Histological examinations of testes of male rats received oral
daily tramadol 40 and 80mg /kg body weight respectively for 10, 20
and 30 days were shown in Figure (3). Clear small vacuoles in
seminiferous tubules were shown after 10 days of treatments, On the
20 days large vacuoles and some spermatogonia leaving the basement
membrane, decreased amount of sperms in the lumen of seminiferous
tubules were also shown, and hypertrophy of germ cells were
observed in rats with tramadol at dose 80mg /kg body weigfht and
decrease in the number of germ cells, Where after 30 days of
administration, necrotic cells appear ‘in  Leydig cells with
disorganization of some germinal cells in addition to the findings
abserved in 10 and 20 days.

Table (1)
Effect of Tramadol Administration on AST, ALT
and Creatinine of Male Rats Serum

AST UL ALTUL Creatinine mgfdl
Drg | Days Doses Dosts Doses
Control | Low | High |Control| Low | High | Conirol | Low | High
Dose | Dose Dose | Dose Dose | Dose
10 138.1° | 206.2* 475" | 593" 0.70 | 080"
H4 | S 30.12 | 10.16 102 1 #0.d

Tramadol | 20 | 119 [2022'| 226" | 384 |53.7**[68.1*| 085 | 075" | 082"
2471 #15 | #12 | 1214 | 4042 | 2015 | 203 | 20.11 | 2049
30 226" | 40 554" | 1.5 0.76™ 1 0.68*
15 | 120 1017 | $0.07 1047 | 007
¥ o Sigaificant (p0.05) ** = Highly significant (p<0.01)

Data are expressed a the mean £ 5.0, of $ rats,

Control = the axerage of the sesulis of control groups were used in the statisieal analysis as there was no
difference between them, ’
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able (2)

Effect of Tramadol on the Fetuses at 19 Day of Gestation

No.ofimglwtion | Avarage Tolal | Avarage Total | Avarage Totel
Drug Doses | sl Alive Morslty | Resarbed
’ | Ma % [Man % (Man % |Main %
Control 0 1 00| 69 9857100 00 |01 14
Tramadol Low § N 39 585704 s oar o
High § ST 3L 44291055 785 | 035 500
Table ( 3)
Effect of Tramadol on the Length of the
Crown Rump, and Total Body Weight of the
Fetuses at 19 Day of Gestation
Crovm = rump Taotal Body
Drugs Boses | Lenglh, mm of Falus Welght , g
Contral | © 52+0.26 8.140.17
Tramadol | Low 29"*20.04 4.0120.11
High 23°"10.05™ 2.81°*£0.09

«* = Highly significant (p0.01)
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Table (4)

Teratogenic Effect of Tramadol on Skeletal System
~ of the Fetuses at 19 Day ‘of Gestation

o of

Examined
Skeletal Defect fetuses,
Doses
Low | High
Skull :
Incomplete Ossification 55.31 | 78.11
Complete Ossification 44.69 | 21.89
* Sternebrae :

Fused 14.12 | 50.10
Absence 1972 | 29.45
Normal 66.16 | 20.45

Ribs ' _
. Irregular shape 24.53 | 20.58
Missing 20.80 | 41.23
[ncomplete Ossification 28.71 | 21.26
Complete Ossification 26.06 | 16.93

Vertebrae Centra
~ Absence -18.18 | 38.46
Scoliosis 44,82 | 43.67
. Nommul 37.00 | 17.87
Fore Limbs :
Incomplete Ossification 65.74 | 73.82
Complete Ossification 34,26 | 26.18
Hind Limbs
Incomplete Ossification 64.54 | 77.38
Complete Ossification 3546 | 22.62
8
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Table (5)
Effect of Tramadol on Mitotic Index of Bone
Marrow in Male Rats

N, Of Dividing Cells/1000-Callsf Rat
Drugs Days Doses
Control | LowDose | Hight Dose
10 83.9+1,82  63.8t1.00  50.3£2.13*
Tramadol 20 76.6+¢2.04  54.521.41**  48.5+2.60*
30 80.7:1.41  48.7%1.16""  42.8+2.62**

*+ = Highly significant (p=0.01)

" Results are expressed as the mean £ S.D. of the S rats

Table (6)
Chromosomal Aberration of Male Rats Bone -
Marrow Cells Treated with Tramadol

' Trealed
10 Days 20Days | 30 Days
| Chromosomal Low | High | Llow | High Low | High
i ___Aberrations Control | Dose | Dose | Dose | Dose ¢ Dose | Dose
' a- Structural :
| aberrations _
i Gap - 0 0 0 0 3.6% | 3.0 42
! 011 | £0.01  £0:2
Stickiness 0 08" 20" | 40" 4.1°" 4.0** 3.6
. ’ 002 20.02 | *0.1 0.2 01 0.2
Centromeric 0.1 0.8 20" |21~ 30 | 30" 3.0
alenuation 0,01 | £0.01 201 | 0.1 0.2 | £0,02 '£0,02
Centric fusion 0 0 3.6 | 25" 3.0 | 3.5 40
+0,1 ' £0.1 0.3 | X001 20.1-
End to End 0 2.0 214§ 1.1 16" | 3.3 25"
' £0.10¢ 204 £#0.2 0,02 | £0.01 10.01
Celetion -0 0 2.0 | 1.0 2.1 | 1.2* 3.0
- $0.02 ; x0.01 10.02 | £0.01 1002
Ring — Shaped 0 0 1.4 | 1.2 -18" | 1.6 34
$0.01 | 001 20.02 | #0.01 +0.02
b- Numerical
aberration
Hyperploidy o 0 0 0] 1.0°" 1.1° 2.0
#0.01 | #0.01  +0.01
P4 = Hughly siantican: (p 0.0t}
9
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“igure (1): Photographs of control fetus., fenises maternally and uterus of control and treated
ral with tramadol showing retardation of growth, incomplete ossification of bones
and resorbed embryo.  (A) Control skeletal system of 19 days rat ferus.

(D) Skeletal system of 19 days fetus of treated rat with 30 mgike iramadel,

( C ) Skeletal system of 19 days (etus of treated rat With 80 mg-kg body weight
tramadol, (D) wienss of control rat (£ } uterus of’ treated rat with 80 meky
tramadol. (FF) 1- Contrel rat fetus.  2- Rat fetus treated With 40 mgikg tramadol.
3- Rat feros wreated With 830 mg/kg tramadol.
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ﬂlm.:.m (2): Photographs of bone marrow cells metaphase spreads of normal and tramadol
treated male rats with 40 and 80 mg kg body weight showing. A : Normal metaphase

spreads

B - Centromeric attenuation C : Centric fusion and end to end Dr: Ring shape

and deletation . E : Stickness F : polyploidy
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Discussion

There are many possible risks to the fetus whenever drug medications

are prescribed to the pregnant women. Possible effects include

abortion, malformation, intrauterine growth retardation, functional "
defects, carcinogenesis and mutagenesis. The risk of malformation is -
gredtest when the fetus is exposed to the drug at two and elght weeks

after conception (15,

Tramadol is a synthetic opioid. It inhibits noradrena]_ine’
uptake and stimulates serotonin release!’®. The results of teratological
study revealed statistically significant increase in dead and resorbed
embryos number. Resorbed embryos were increased according to the .
dose with statistically significant decrease in the fetal body weight,
crown rump, and length of rat embryos. The defects noticed in skeletal
system observation of 19 days of gestation fetuses had incomplete
ossification of skull, central disc, toes, and ribs. These results are
inagreement with the results of Schardein (1993); Briggs (1994) and
Erhart and Frank (1994)”7) who reported that there are several case
studies demonstrated congenital defects in infants of herom-addlctcd_,'
mothers. Effect of maternal heroin addiction may persist in.the
offsprmo for an extended period of time, resulting in poor growth and
development( 8 Behavioral abnormalities, including impaired
organization and perception skills, impaired motor inhibition and -
mental retardation, have been described('g’. The results of the present .
study are also inagreement with Grond and Sablotzki (2004‘)(20.) who
reported that tramadol has been shown to be embryotoxic -and.
fetotoxic in mice, rats and rabbits at matemhlly toxic doses 3 to 15
times the maximum human dose or higher. Embryo and fetal toxicity
consisted primarily of decreased fetal weights, skeletal ossification
and increased supernumerary ribs at maternally toxic dose levels.

13
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Examination of bone marrow metaphases revealed structural and
numetical chromosomal aberrations. These chromosomal aberrations
arc centromeric attenuation, centric fusion, ring shape, end to end
association, gap, break and stikness. In addition, numerical
chromosomal aberrations were observed as Polyploidy. These results
of chromosomal assay in bone marrow cells of rats confirmed the
genotoxicity of tramadol and its ability to induce chromosomal
damage. It is well known that DNA is the principal target for
induction of structural chromosomal aberration®!. Such aberration
can result from DNA fragmentation due to clastogensis induced by
drug administration™, The results of chromosomal aberration are
completely inagreement with result of Grond and Sablotzki (2004)(23).
Who reported that mutagenic results are occurred with the use of
tramadol in the presence of metabolic activation in the mouse
lymphoma assay and micronucleus test in rats.

The "toxic effect of chemical substances or drugs on different
tissues is'usually manifested in the histological preparation in the form
of cells degeneration, vacuolization, pyknosis, accumulation of fat and
necrosis. This is mainly considered as a reflection of direct damage in
cell and tissues®®?, In clinical medicine, serum enzymes activities and
concentrations of metabolic products has been used for detecting both
the site and extent of un organ injury(zs). The histological changes
observed in the present study of tesles cells were vicuoles and some
spermatogonia leaving the basement membrane, decrease amount of
sperm in the lumen of seminiferous tubules were also shown and
hypertrophy of germ cells with decrease in their number with necrotic
cells appear in Leydig cells and disorganization of somic germinal
cells. These histopathological changes in testes are in accordunce with
those seporied by Robison, et al., (1984) and Gershbein and Pedroso
(1985)~% who showed that when drug given to the mice, isolation
bloodlines significant for hepatocellular oedemes  were noticed.

14
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Procedure for classification of the seminiferous tubules according to
the presence of the most advanced germ cell is often performed to
cvaluate qpelmatoven651s(27), and it is based on the finding.that
seminiferous, lubules have spermatides as the most advanced germe-cell
in the rat®®. Tramadol increased lipid peroxidation, induced hepatic
and -renal damage and sexual dysfunction in male rats treatid wuh‘

tramadol for one month("

Conclusion

The present results showed that tramadol exerted embryotox:c and
fetotoxic effects in the pregnant rats. It also increased.the risk of
congenital maiformation, therefore, the drug should not be used in the
pleonant women prior to, or during labor unless the potential bcneﬁts'
outweigh the risks. -
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