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ABSTRACT: Tramadol hydrochloride/paracetamol is an opioid that is composed of two different analgesics, tramadol
(opioid, 37.5 mg) and paracetamol (non opioid, 325 mg). The study presents first data of tramadol
hydrochloride/ paracetamol effects on haematological parameters and glucose levels in Wistar rats. Oral administration
ad libitum of tramadol hydrochloride/paracetamol was administered during a twenty days period. This research
includes two groups of animals. Group I include animals that were administered tramadol hydrochloride/paracetamol
daily at dosage of 1.12 g/300 ml and group II that were administered daily at dosage of 1.68 g/300 ml of water. We
analayzed 14 haematological parameters and glucose concentration. Significant changes were established for all
analyzed parameters. Significantly low numbers of erythrocytes, leukocytes and lymphocytes were observed. Tramadol
hydrochloride/ paracetamol has an extremely negative effect on haematological parameters in Wistar rats, particularily
on the blood coagulation due to the thrombocitopenia, anaemia and weakened immunity. If properly administered,
tramadol hydrochloride/paracetamol can be an effective analgesic but at high dosage and over a prolonged period it
may cause adverse effects in Wistar rats.
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1. INTRODUCTION

Tramadol hydrochloride/paracetamol (THP, trade name Zaracet®) contains 37.5 mg of tramadol
hydrochloride and 325 mg of paracetamol. Tramadol hydrochloride (tramadol) is widely spread analgesic
which is administered orally and perorally. It is used to treat moderate to moderately severe pain. When taken
orally in an immediate-release formulation, the onset of pain relief usually begins within an hour [1]. Tramadol
acts by binding p-opioid receptors and neurons, and it is also a serotonin-norepinephrine reuptake
inhibitor (SNRI) [2]. Tramadol has a central acting mechanism via serotonin receptors, in addition to the opioid
receptors, that helps to achieve clinical analgesia with less of the typical side effects associated with the typical
opioids acting via opioid receptors alone [3]. The most common side effects are constipation, itchiness and
nausea while more serious side effects may include insomnia, drug dependency and a high risk of serotonin
syndrome.

Various animal studies demonstrate that tramadol has an antinociceptive reactions on acute and chronic
pain [4]. The long-term use of tramadol at high dosage causes physical dependence and withdrawal syndrome
[5]. Tramadol is also used perioperatively in veterinary anesthesia as it significantly reduces the requirements
of volatile anesthetics and opioid agents. Paracetamol treats pain and fever, and does not have significant anti-
inflammatory effects. An acute paracetamol overdose canlead to a fatal liver damage [6]. The pharmacological
pain treatment of the rheumatologic conditions, especially osteoarthritis, may have serious adverse effects and
low efficacy. Paracetamol is a common analgesic that many patients, especially the elderly take at a low
dosage. However, the statistical data indicates that the hepatotoxicity may occur if paracetamol administration
exceeds the maximum daily recommended dosage of 4 mg/day. Data also suggests that paracetamol,
administered at high dosage may add to the risk of upper gastrointestinal (GI) complications [7]. Combination
analgesics are often prescribed for acute pain management as they have been shown to yield pain relief
superior to single agents by either acting synergistically or targeting more than one physiological cause of the
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pain simultaneously [8]. Preclinical studies and several laboratories have demonstrated that paracetamol may
have a beneficial effect on blood glucose levels, skeletal muscle function and as cardioprotective and
neuroprotective agent [9,10,11,12,13]. These studies have suggested that these off-label applications may be
derived from the ability of paracetamol to function as an antioxidant. Pain has a multifactorial origin, hence it
may be difficult to achieve effective pain control with a single drug [14]. Combination therapy of analgesics
from different groups is advantageous in targeting both peripheral and central pain pathways.

Therefore, it helps in production of analgesia at lower and more tolerable doses of the constituent drugs
[15,16]. Combination therapies can have a positive influence on the ability of individual components to
minimize pain, with better tolerability and reduced recovery time. The fixed-dose combination (FDC) of
tramadol and paracetamol has been extensively researched and compared with other combinations. Results
from preclinical studies have observed both the dual mechanism of action of tramadol and the analgesic
synergy between the two compounds in this FDC [17]. According to a meta-analysis, the combination of
tramadol and acetaminophen was more effective than either of its two components administered alone, with
an almost similar safety profile to either of the components prescribed alone [18].

Current studies deal with the effects of paracetamol and tramadol on haematology of certain animal
species while the effects of tramadol combined with paracetamol as tramadol hydrochloride/paracetamol on
haematological parameters have not been researched until now. Although many studies have shown the
negative effects of these two drugs, the aim of this study is to evaluate the effect of tramadol
hydrochloride/paracetamol on blood glucose levels and haematological parameters in rats.

2. RESULTS

Table 1 presents haematological parameters values and glucose concentration for the control and
experimental group of rats (experimental group I and II). One Way ANOVA method was used to determine
between groups difference while the Tukey Post Hoc Test (Table 1 and 2) was used to determine within a
group difference (= <).

RBC, WBC, PLT, HCT and MCYV values are high in the control group in comparison with experimental
groups. The same values decrease at higher dosage of tramadol hydrochloride/paracetamol in the
experimental group. HB, MCH, MCHC and glucose values are also high in the control group while they are
lower in the experimental group 1, and increased again in the experimental group II. All parameters show
significant difference between the groups except for the HCT value (ANOVA). Post Hoc Test determines
significant difference within the group for most of the parameters, except for MCH (between the control and
experimental group II), glucose concentration (between control and experimental group I).

Table 1. Hematological parameters values and glucose concentration.

Control group Experimental group I Experimental group II
Parameters Mean Range Mean Range Mean Range ANOVA
RBC (1012/L) 6.78+0.662 5.80-8.20 6.68+0.85b 5.10-8.16 3.46+0.158¢ 2.10-7.73 0.00***
WBC (10%L) 6.86+0.82a 6.00-8.00 4.20+0.900 3.15-6.10 2.88+1.17¢ 1.10-5.55 0.00%**
123.58+13.89
PLT (10%L) 204.8+30.962 159-250 Y 99-148 93.95+14.08¢ 79.80-126 0.00%**
. 1381-  191.01#1556  171.19- ) .
HB (g/L) 167.64+18.38 192 b 29873 195.07+142.59 94.90-488.6 0.00
HCT(L/L)* 0.38+0.05 0.32-0.48 0.27+0.05 0.20-0.35 0.24+0.07 0.13-0.33 0.732
46.85- 28.17- 36.22-
a b C FxK
MCYV (fL) 56.94+9.57: 76.19 41.43+7.82 5410 78.59+36.68 157 14 0.00
20.22- 23.78-
*% a b ac X Kk
MCH (pg) 24.90+3.48 2903 28.93+£3.43 3553 50.48+20.14: 22.10-93.60 0.003
. 363.54- 713.44+104.1 518.76- . 287.58- ek
MCHC (g/L) 444.66%37.38 495 b 87795 824.29+489.1 1809.67 0.00
Glucose 37240410 310430 583098  470-800  4.63+1.93  345-1070  0.001%
(mmol/L)**

ab More than one value in the same row indicates statistical differences within the group

* difference within the group were not determined (HCT)

** significant differences were not determined: - between control and experimental group II for MCH; b - between control and
experimental group I for glucose

*** statistically significant difference at 0.05 level
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Procentual white blood cell values for all three groups of rats are presented in the Table 2. Values of
basophil granulocytes and eosinophil granulocytes are low in all three groups of rats. Lymphocyte numbers
are lower in the experimental group, particularly in the group I. Monocyte values are increased in both
experimental groups, especially in group I. Segmented neutrophils values are decreased in both experimental
groups while the nonsegmented neutrophils are increased in group I. Significant differences are determined
for all parameters (***), while the differences within the group (**) for lymphocytes numbers were not
determined between the control group and the experimental group I.

Table 2. White blood cells values (%).

Experimental group

Parameters Control group Experimental group I T ANOVA
Mean Range Mean Range Mean Range

Nonsegmented 5 ., 17, 39 10.58+6.026 420  5.29+4.34c 315 0.018%

neutrophyles

Segmented 28.90+6.61a  19-38  19.67+8.82b 735  19.0843.58  12-23  0.019%*

neutrophyles

Eosinophiles 1.67+0.82a 1-3 2.83+2.25b 1-7 2.60+1.17¢ 1-4 0.00%**

Basophiles <1 <1 <1 -

Lymphocytes ** 6246412 53-75  44.17+19.42:b  30-76  57.3339.55¢ 4568  0.01%**

Monocytes 2.40+1.35 1-5 5.25+1.28b 4-7 8.25+2.75¢ 5-11 0.00%*

ab More than one value in the same row indicates statistical differences within the group
** ab _no significant changes for lymphocyte values between control and experimental group I were determined
*** _ statistically significant differences between the groups, ANOVA at 0.05

3. DISCUSSION

Tramadol hydrochloride/paracetamol (THP) consists of two analgesics tramadol and paracetamol and
it treats moderate to severe pain. Paracetamol is a non opioid that treats mild and strong pain while tramadol
is an opioid that treats moderate and very severe pain and it mostly affects psycho physiological abilities. The
effects of THP on hematological and biochemical paremeters are not well known. Our study will therefore
focus on recent research on the effects of paracetamol and tramadol individually.

Our study indicates that one of the side effects of THP is a very low thrombocyte count. Some studies
found severe cases of thrombocytopenia following the paracetamol over dose (paracetamol levels in blood
were 250 mg/L) during the period of two days [19]. Our study also determines severe thrombocytopenia while
administering small dosage of THP while the high dosage during a prolonged period causes severe problems.
Tramadol combined with paracetamol increases thrombocytopenia which is possibly caused by the toxic effect
of THP or its metabolite on thrombocyte count. Other medications such as Panadol extra significantly lower
thrombocyte count and damage blood coagulation. Other haematological parameters were not effected [20,21].
Determined that paracetamol leads to thrombocytopenia and leucopenia that confirms our findings. Oral
administration of paracetamol (333 mg/kg) in mice led to the significantly increased glucose and leukocyte
numbers while erythrocyte count and haemoglobin concentration were decreased. Neutrophil values were
considerably lower while the lymphocyte count was higher.

Administration of aspirin (620 mg/kg) had the same side effects. These two non steroid anti-
inflammatory drugs (NSAIDs) showed congested and hyalinized liver, enlarged kidney and spleen,
hemorrhagic stomach and ulcerated intestine in dead mice [22].

Our findings establish decreased leukocyte values while THP at higher dosage increases glucose levels.
Bhaumika and Sharme [23] determined considerable changes in glucose levels by administering Liv 52 extract
in sheep. Some studies determined an increase of serum glucose in mice by administering Liv 52 extract and
Pioglitazone [24]. Increased glucose values could occur due to the release of glucocorticoids from the
medications and their binding to plasma proteins. This process increases glycogenesis, decreases protein
synthesis and peripheral glucose utilization [25]. Low glucose levels could also be a result of a prolonged
administration of medication that lowers glycogen. Behavioral changes in rats (increased hyperactivity and
alertness) could additionally deplenish glucose reserves.

Paracetamol (7.5 mg/kg) caused lymphocytopenia, low erythrocyte count as well as low HCT and
haemoglobin values in albino rats, which corresponds our findings [26]. Our study observes considerably high
neutrophil count. Paracetamol combined with tramadol causes reduction of leukocytes, neutrophils and
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especially lymphocytes which indicates a very serious weaking of an immune system. Erythrocyte count is
low as well. Higher dose of THP leads to an increase of haemoglobin. Low dosage of THP (1.12 g/300ml)
decreased haemoglobin concentration in the control group. Some studies observed reduction of erythrocytes
numbers and haemoglobin concentration in their research [27,28]. Administering 300 mg/kg of paracetamol
during a twoday period significantly reduced erythrocyte numbers and haematocrit values, while it decreased
leukocytes numbers in Wistar rats [29]. These findings are very similar to our data. Reduction of erythrocytes
numbers and haemoglobin concentration can also be impacted by the reduced erythrocyte life span and the
oxidation of hemoglobin into methemoglobin and sulfhemoglobin caused by NSAID [30]. Samuel et al. [29]
observed that the reduction of erythrocytes as a result of administering high dosage of paracetamol could also
be effected by the destruction of ripe erythrocytes as well as the release of erythropoetin from kidneys.
Haematocrit reduction could indicate anemia.

Our research also indicates presence of anemia. In regards to the reduced erythrocyte numbers and
hemoglobin concentration, MCV is decreased [31]. When the MCYV values are reduced, erythrocytes are also
lower than normal (microcytic). Secondly, it is evident that the increase in erythrocyte volume leades to the
increase of hemoglobin concentration. Therefore, MCHC values is very high at high THP dosage. This
mechanism is necessary for maintaing oxidation process and energy balance. Paracetamol significantly
reduces hemoglobin concentration which indicates reduction in the oxygen-carrying capacity of blood and the
amount of oxygen delivered to the tissues in rats handled by Aptenia cordifolia and Securinega virosa extracts
[32].

Oral administration of tramadol in rabbits resulted in hematological changes such as an increased WBC
and MCV values while the haematocrit values, haemoglobin concentration, RBC, MCH, MCHC and
thrombocytes were considerably reduced. Tramadol seems to effect defense mechanism and an immune
system of rabbit [33].

Tramadol combined with paracetamol such as THP, has a very negative impact on the immune system
of Wistar rats. Opioids may supress immune system cells such as leukocytes and lymphocytes through the
intermediary mechanism that affects the central nervous system [34].

Lymphoid organs contain rich supply of sympathetic nerves that directly enable norepinephrine to
influence lymphocyte actions. Tramadol inhibits neuronal reuptake and 5-hydroxytryptamine (5-HT) and it
can actually relieve the release of 5-HT [35].

Consequently, we determined that neutrophil value increased inciting lymphocyte supression. Some
studies report that the prolonged usage of tramadol increases risk of liver and kidney damage in people [36].
We also established a mild increase in glucose levels. Tramadol may indirectly have an important effect on
carbohydrates metabolism, most likely due to the elevated gluconeogenesis and glucose mobilization [37]. The
glucose concentration lowers at high tramadol concentration [38]. Tramadol may lower glucose levels in
diabetic rats through the activation of opioid p-receptors [39]. Tramadol act as serotonin reuptake inhibitor
and hypoglycemia has been described with some serotonin antidepressant sertraline [40]. Tramadol and
paracetamol reduce erythrocyte count while the combined medication such as THP administrated at higher
dosage during a prolonged period, leads to a rapid reduction in erythrocyte values particularly in the
experimental group 1. Elyazji et al. [33] reported low erythrocyte count to the inhibitory effects that tramadol
has on histogenesis. Some studies have found reductions in RBC count and hemoglobin concentration
following the tramadol treatment, which may be a result of decline of hemoglobin synthesis in the bone
marrow [41]. During the intraperitoneal administration of tramadol in various dosages during the period of
30 days (50 and 100 mg/kg), we established considerable reductions in hemoglobin concentration, RBC,
haematocrit as well as an increase in leukocyte count, particularly lymphocytes and monocytes while the
neutrophil count was very low [42]. Tramadol administration in dogs (2 mg/kg) led to the reduction of
leukocytes and neutrophils which was observed in our study [43]. Intravenous tramadol administration in
anesthetized dogs (2 mg/kg) did not result in significant changes of hematological parameters except for the
reduction of RBC, WBC, hematocrit and hemoglobin concentration, presumably due to the erythrocyte
sequestration in non splenic tissues. RBC, hemoglobin concentration and HCT were not considerably modified
whereas the WBC was significantly reduced post tiletamine/zolazepam-xylazine-tramadol administration at
dosage of 3.5 mg/kg in miniature pigs [44]. The use of tramadol in the treatment of pain must be safe and
adequate. Teixeria ef al. [45] reported that the combination of dipyrone and tramadol in the treatment of
postoperative cat pain did not provide better analgesia than tramadol alone.
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4. CONCLUSION

The individual side effects of tramadol induce considerable changes of haematological parameters in
relation to paracetamol. These side effects of combined medication such as THP lead to significant
haematological changes. Our research indicates that prolonged or chronic administration of THP may cause
severe thrombocytopenia, leading to failure of the immune system, anemia and a very low erythrocyte count.
These side effects increase commensurate with the dosage and duration of the treatment. Although the opioids
are effective in treating pain, their side effects during a prolonged usage need to be considered. The opioids
may have different side effects in different animals. It is crucial to administer the right dosage of THP. Our
research finds THP effective in treatment of pain if properly administered.

5. MATERIALS AND METHODS
5.1. Animals

Rats (Rattus norvegicus, Wistar strain) used for the purpose of this study were bred in vivarium,
Laboratory for Physiology, Department of Biology, University of Sarajevo, Bosnia and Herzegovina. The
animals were placed in individual cages (four animals each) at room temperature of 25°C. They were fed
Vilmie + Mr. Woodfield (rat food, Germany) and water ad libitum. This research includes three groups of rats:
control (n=10) and two experimental groups (group I, n=12 and group II, n=12). Tramadol
hydrochloride/paracetamol was administered daily at dosage of 1.12 g/300 ml water (experimental group I)
and 1.68 g/300 ml of water (experimental group II) during twenty days. Handled animals were treated in
accordance with the “Declaration on the Rights of Animals” (UNESCO, 1978), “Universal Declaration on
Animal Welfare”(WSPA, 2000), Animal Protection and Welfare Law of Bosnia and Herzegovina (“Official
Gazette” 25/09) and Ethics Committee of Faculty of Science.

5.2. Experimental design

Treated animals were 12 and 15 weeks old with the weight of approximately 150 and 200 g. Anesthesia
(sufentanil/ medetominide 50/150 pg/kg - administered by intramuscular injection) and euthanasia were
performed at doubled dosage. The blood was collected via cardiac puncture with the small gauge needle (21G;
Semikem, Sarajevo, Bosnia and Herzegovina). Approximately 2 ml of blood was analyzed for the following
haematological parameters while the caudal blood was used for glucose concentration analysis.

5.3. Haematological techniques

The following haematological parameters were analyzed: erythrocytes count, RBC (via Hayem solution,
Semikem, Bosnia and Herzegovina); leukocyte count, WBC (via Tiirk reagens, Semikem, Bosnia and
Herzegovina); haemoglobin concentration, HB by Drabkin's reagent as a cyanmethemoglobin standard
solution (Germany) and haematocrit values, HCT (centrifuging blood samples via micro hematocrit method,
5 minutes, 16 000 rpm by Hettich Haematokrit 24 zentri-fugen, Germany). Erythrocyte indices were
determined through a mathematical formula that includes: MCV (mean corpuscular volume), MCH (mean
corpuscular hemoglobin) and MCHC (mean corpuscular hemoglobin concentration). Erythrocyte and
leukocyte count were determined by hemocytometer chamber (Neuber's chamber) while the thrombocytes
count was calculated by Fone's method. Fresh smears were stained by May-Griinwald and Giemsa stains
(Semikem, Sarajevo, Bosnia and Herzegovina) for procentual analysis of leukocyte numbers in the peripheral
blood. Cell identification and procentual count of blood cells were performed on Olympus BX41 light
microscope.

5.4. Blood glucose analysis

The blood from the caudal vein was used for a blood glucose analysis. The blood was collected by
puncturing the caudal vein. The blood glucose levels were determined via dry chemistry method (Ascensia
Brio, Bayer Healthcare, Germany).

5.6. Statistical

Results were evaluated by the IBM SPSS (Version 20.0, SPSS, Inc., Chicago, IL, USA). The collected data
was analyzed through the methods of the descriptive statistics (mean, standard deviation and range).
Variances between the groups were analyzed via One Way ANOVA method while Post Hoc Tukey Test was
used to determine within a group difference. P values lower than 0.05 were considered significant.
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