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Abstract: Tramadol is a centrally acting analgesic generally used to treat moderate to severe pain. 

This study was designed to evaluate the protective effect of Costus speciosus rhizome extract 

(CSRE) against the chromosomal ’aberration’s tramadol-induced in mice bone marrow. Sixty male 

albino mice were examined in this study and separated into four groups which are as follows: 

Control group; CSRE group (which have been supplied with 200 mg/kg per day); Tramadol group 

(Supplied with 40 mg/kg); and CSRE + Tramadol group ( which were given Tramadol for a period 

of 4 weeks and then given CSRE for a further 4 weeks, applying the same dosage. Microscopic 

examination of the bone marrow showed a significant increase in structural chromosomal 

aberrations (centromeric attenuation, gap chromosome, ring chromosome, end to end association, 

and centric fusion) in addition to numerical chromosomal aberrations (polyploidy and endomitosis) 

in the treated mice with Tramadol comparable to mice in the control group. The administration of 

Tramadol disrupted oxidants-antioxidants balance, which is proven by the increased 

malondialdehyde (MDA) and the reduced superoxide dismutase (SOD), catalase (CAT), and 

glutathione (GSH). Interestingly, in contrast, CSRE administration has shown attenuate in the 

numerical chromosomal aberrations and biochemical modification caused by Tramadol. This study 

demonstrated that CSRE supplementation is improved the tramadol-induced cytotoxicity injury 

through its antioxidant activity. 
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1. Introduction 

Chromosomal aberrations can occur due to the treatment with some drugs such as 

opiates, which leads to deletion and/or addition in the chromosomes [1]. Consequently, 

change in the sequence number of genes in the chromosomes [2]. Analgesics such as 

opioids are usually used for treating chronic and severe pains [3-6]. Tramadol is widely 

used to treat moderate and severe pain [7]. It has been reported that Tramadol delivers its 

action through reuptake inhibition of serotonin and noradrenaline neurotransmitters and 

weak binding to μ opiate receptors, which is regarded as a dual mechanism of action [3,5,7]. 

In addition, the metabolism of Tramadol in the liver founded leads to increased oxidative 

stress caused by the free radicals [1,3,8]. Similar to other opioids, free radical tramadol-

induced lead to DNA injury is produced by reactive oxygen species (ROS) [8-10]. 

However, the toxicity of Tramadol has been investigated in; liver [11], kidney [12], brain, 

and testes [3,13,14]. Recent studies have shown that cytotoxicity tramadol-induced causes 
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damages of the lysosomal membrane, the release of DNA endonucleases, and 

mitochondrial impairment function [5,10,15].  

Also, in another study, cytotoxicity tramadol-induced has been proven to encourage 

chromosomal aberrations in the bone marrow of mice [9]. Tramadol metabolism increases 

the oxidative stress levels in the tissue as a result of the accumulating of ROS [11,16]; 

therefore, it induces different cytotoxic effects [17]. Whereas disturbance, the production 

of ROS reduces to detoxify of ROS, which consequently causes induced oxidative stress 

[18,19]. Herbal medicines detoxify these ROS via their antioxidant capacities [20-22]. 

Previously, it has been reported a relation between ROS enhancement and the total 

polyphenols and flavonoid compounds in the medicinal plants [23,24]. 

The pharmacological effects of natural compounds in attenuating toxicity effects of 

Tramadol in different organs have been demonstrated in the experimental animals [19,25-

28]. CSRE is a medicinal plant referred to as spiral ginger or crepe ginger [29]. It is grown 

in the south of India and is used for treating several diseases [30]. Dried powder of the 

costus uses for treatment against several diseases such as arthritis [31-34], wounds, 

constipation, leprosy, asthma, inflammations, [35], and anemia [36]. There are numerous 

useful biological and pharmacological activities such as: antioxidant [37], anti-tumor [38], 

anti-inflammatory [39], anti-apoptotic [40], and pancreas-protective, which CSRE possess 

[41]  CSRE is rich in polyphenols and flavonoid compounds, and it has been recorded that 

the CSRE is able to protect the cells from the harmful effect of reactive oxidative species 

(ROS) through preventing the establishment of these species in the cells [23,42]. So, the 

current study was planned to assess the protective role of CSRE against structural 

chromosomal aberrations induced by Tramadol through assessing the oxidative status in 

the bone marrow of mice. 

2. Materials and Methods 

2.1. Experimental animals. 

The experimental animals used in this study consisted of sixty male albino mice (10 

weeks old, 40-50 g). These animals were acquired from the animal house of the central 

public laboratory of Duhok city, Duhok, Iraq. The mice were contained in cages exposed 

to 12 hours of light/dark environmental consistency; the mice were fed with laboratory 

nourishments and water on a daily basis for a one-week period before commencing the 

acclimatization experiment.  

2.2. Experiment design. 

The design of the experiment consisted of 60 mice in total, which were divided into 

4 groups (15 mice per group). The four groups were identified as follows: the control group, 

the CSRE group, the tramadol group, and the tramadol + CSRE group. Each group was to 

be treated with a substance, on a daily basis, for a period of 4 weeks. The control group 

was orally treated with physiological saline (0.9% NaCl). The CSRE group were 

administered with CSRE (200 mg/kg per day) orally, as implemented by Al-brakati, Belal, 

and Alsbery [41]. The tramadol mice group was given Tramadol (40 mg/kg) orally, in-

accordance with Albarakai, and Alsbery [11]. The mice in Tramadol + CSRE group were 

orally administrated with Tramadol, at first, then after 3 h, they’re administrated with 

CSRE; the dosage for this group was the same as the CSRE group and the tramadol group. 
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2.3. Preparation of crude extract. 

Costus speciosus rhizomes were purchased from the local perfumery market in 

Duhok, Iraq. The species was identified and authenticated by the central public laboratory 

of Duhok city. CSRE was prepared based on the method described by Thabit [29]. All 

chemicals and biochemicals were obtained from Sigma Chemical Company (St. Louis, 

MO, USA). 

2.4. Metaphase scoring. 

For chromosomal aberrations analysis, each mouse was injected with 0.5 mg/kg 

colchicine 2 hours before the killing. The bone marrow was immediately extracted from 

the femur and then processed for the staining process in the Giemsa stain. Microscopic 

examination was performed for chromosomal aberrations on 50 metaphases spread per 

each animal; afterward, the well-spread chromosomes were chosen for scoring. 

Examination for structural and numerical aberration was done on all metaphase spreads 

based on the technique described by Kilian et al. [43]. 

2.5. Mitotic index. 

The number of dividing cells (3000 cells/animal), which was including the late 

prophases and the metaphases, were counted. The number of dividing cells/1000/animal 

was used to calculate the mitotic index. The mitotic index was calculated as the number of 

dividing cells /1000 cell/animal, as described by Kilian, Moreland, Benge, Legator, and 

Whorton [43]. 

 2.6. Oxidant/antioxidant status analysis. 

In order to estimate lipid peroxidation, the estimation of malondialdehyde was 

performed as an index, according to Ohkawa et al. protocol [44]. The activity of Bone 

marrow superoxide dismutase was achieved according to the method of Kovárová, et al. 

[45]. The activity of catalase was carried out according to the procedures described by Aebi 

[46] by evaluating the decomposition of hydrogen peroxide at 240 nm. At the same time, 

a reduced level of glutathione in the homogenates of bone marrow was estimated according 

to Ellman’s technique [47]36].  

2.7. Statistical analysis.  

Statistical analysis was carried out using one-way analysis of variance (ANOVA), 

the significance between groups analyzed by Tukey’s post hoc test using SPSS version 17 

computer software. p< 0.05 were considered statistically significant. 

3. Results 

3.1. Chromosomal aberrations. 

The microscopic observation of this study showed the normal distribution of 

chromosomes mice of the control group, structural and numerical chromosomal aberrations 

in mice of the tramadol group, and the chromosomes in mice of the CSRE group, as seen 

in figure 1.  The analectic result of this study showed a significant increased (p<0.05) in all 

the structural chromosomal aberrations (chromatid breakage, centromeric attenuation, 
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centric fusion, ring chromosome, and an end to end association) and numerical 

chromosomal aberrations (endomitosis and polyploidy) in mice of the treated group with 

Tramadol when compared with the control group. In contrast, the treated mice with CSRE 

and then Tramadol were discovered to reduce the changes in all the structural and 

numerical chromosomal aberrations as compared to the Tramadol treated group. However, 

this reduction still non-significant values when compared with the control groups, as seen 

in tables 1 and 2, and in figures 1 and 2—this result was reflecting the cytoprotective role 

of CSRE against tramadol-induced structural and numerical chromosomal aberrations 

injury. 

3.2 Mitotic index. 

The mitotic index analysis in this study showed a non-significant values numbers 

of the metaphase cells per metaphase cell in the mice when compared to the number of 

metaphase in all the groups, as seen in figure 3. These results indicated well-spread 

metaphases for each cell in mice of all the groups. 

 
Figure 1. A photomicrograph of metaphase spreading from mouse bone marrow shows normal chromosomes 

(1), centromeric attenuation (2), gap chromosome (arrow) (3), polyploidy with endomitosis (4), ring 

chromosome (arrow) (5), end to end association (6), centric fusion (7) and chromatid breakage (8). 

Table  1. Showing analysis structural chromosomal aberrations induced in mice bone marrow cells in all the 

groups. 

Type of 

aberration 
Control group CSRE group Tramadol group 

Tramadol + CSRE 

group 

Gap 2.6±0.6 2.5 ± 0.3 5.3 ±0.2* 3.1 ± 0.2 

Centromeric 

attenuation 
2.7± 0.3 2.5±0.6 5.4± 0.6* 3.3±0.5 

Centric fusion 2.2± 0.7 2.2±0.3 4.9±0.3* 3 ±0.4 

Ring 

chromosome 
2.4± 0.3 2.3 ±0.2 5.4± 0.2* 2.9 ±0.1 

End to end 

association 2.5± 0.1 2.4± 0.4 4.9± 0.7* 2.8± 0.3 

Data are expressed as Mean ± S.E, n=15.*P < 0.05 
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Figure 2. Comparing mean numbers of structural chromosomal aberrations in all the groups, Data are 

expressed as Mean ± S.E., n=15. *P < 0.05. 

Table  2. Showing analysis numerical chromosomal aberrations induced in mice bone marrow cells 

marrow in all the groups. 

Type of    

aberration 
Control group CSRE group 

Tramadol 

group 

Tramadol + CSRE 

group 

Endomitosis 1.3± 0.2 1.1± 0.4 4.7 ±0.2* 1.8 ± 0.4 

Polyploidy 1.2± 0.1 1.4± 0.4 4.1 ±0.7* 1.6±0.2 

Data are expressed as Mean ± S.E, n=15. *P < 0.05. 

 
Figure 3. Showing the mean number of the mitotic index of mice bone marrow cells in all the groups. Data 

are expressed as Mean ± S.E., n=15. *P < 0.05. 

3.3. Antioxidants and lipid peroxidation markers results. 

The obtained findings in figure 5 revealed that the disturbance in the oxidative 

conditions was instigated by the tramadol administration. Tramadol caused a significant 

increase to (p<0.05) to the malondialdehyde level (figure 4 A) and deactivated superoxide 

dismutase (figure 4 B) and catalase (figure 4 C) and decreased glutathione content (figure 

4 D) comparing with the control group. Thus far, the mice within the CSRE + Tramadol 

group were found to lessen the changes in the oxidative stress biomarkers, in addition, to 

improve the activity of antioxidant enzymes compared to the Tramadol treated group. But 

still, no significant values when compared with the control group. 

3.4. Discussion. 

Tramadol is a narcotic drug used to treat moderate to severe pain [5,48]. Although 

the toxicological and histopathological damages tramadol-induced have been recorded in 
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several experimental ’animal’s models [3,13,14]. Earlier studies have reported that the use 

of Tramadol for a long period leads to disrupted oxidant/antioxidant levels [49,50]. 

 
Figure 4.   Oxidant and antioxidant markers of mice bone marrow cells in the control group, CSRE group,  

tramadol group, and CSRE +  Tramadol group.  Data are expressed as Mean ± S.E., n=15. *P < 0.05. 

Also, as a consequence of long term tramadol use, it can lead to an increase of lipid 

peroxidation levels and reduction of antioxidant levels [51,52]. In this regard, it has been 

reported that the treatment tramadol with low doses leads to induce chromosomal 

aberrations in mice bone marrow [9,53]. The aim of this study was to emphasize the 

potential protecting role of CSRE against tramadol-induced the structural and numerical 

chromosomal aberrations in mice through evaluating chromosomal aberrations changes 

and some oxidative stress biomarkers.   

The results of this study showed increased  structural and numerical chromosomal 

aberrations in the treated mice with Tramadol as compared with control animals. The 

significant chromosomal aberrations were noticed primarily in the chromatid breakages 

(deletion, gap, break, and fragments) form. Chromatid lesions, and subsequently, 

chromatid breakage, has been reported occurred as a result of chromosomes damage after 

the G1 stage of the cell cycle [54,55]. Thus, it could be conceivable to demonstrate that 

Tramadol employs its clastogenic effect on the cell cycle after the G1 stage. Also, the 

number of cells with end to end associations, centromeric attenuation, centric fusion, and 

ring chromosome increased significantly in the tramadol group. Accordingly, this type of 

aberration indicated damages in sister chromatid exchanges in the chromosomes as a result 

of the cumulative effect of Tramadol on mice in the tramadol group. Centromeric 

attenuation, for example, splitting of the centromere without mitosis, might be considered 

as an early stage of endomitosis and promotes an increase of polyploidy [56,57]. The results 

obtained in this study demonstrated a significate increase in the level of polyploidy; the 

centromeric attenuation is, therefore, most likely an expression of the cytotoxicity. 

Moreover, It has been established that polyploidy could result from disturbance of the 

spindle apparatus [1].  
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Furthermore, current findings showed an elevation in polyploid cell number, which 

could be proof of interaction between Tramadol and the spindle apparatus. Previous studies 

have reported that the Tramadol could induce apoptosis in the experimental models [11], 

and it induces growth and development of cancer [58]. Safa Faraj [59] reported that there 

is no mentioned modulation that occurs in the sister chromatid exchange levels when 

treated for two weeks with a therapeutic dose of Tramadol, nor before neither after 

treatment. Whereas, in vitro and in vivo studies applied on human lymphocytes showed 

that treatment of these cells with Tramadol for two weeks induced a frequency in sister 

chromatid exchange. A current study reported that there is a significant increase in 

chromosome breakages in mice after four weeks treatment with Tramadol (40 mg/kg), 

which is consistent with previous studies those reported that the mechanism of formation 

of sister chromatid exchange is different from that of chromosome aberrations since the 

sister chromatid exchange represents only a part of the total DNA damage [60,61]. In the 

current study, significant changes in the mitotic were observed in the treated group with 

Tramadol, which could be an indicator of interaction between Tramadol with the spindle 

apparatus. Recent studies showed a deleterious effect of chromosomal aberrations on the 

cells and could result in cell damage [1,8,15]. It has been reported that aberrations such as 

translocations and inversions could be lead to modify the faction of gene function deprived 

of associated loss in cell viability [62]. Occurring of alternation in gene function could be 

a response to numerous different types of cancer [63], demonstrating the possible 

participation of chromosomal aberrations in carcinogenesis. Duly, several well-known 

metagenes and/or carcinogens can induce chromosomal aberrations [64]. Accordingly, 

analysis of chromosomal aberration regarding as a valuable genotoxic/cytotoxic indicator 

in bone marrow cells subsequent to exposures to xenobiotics in vivo. The findings in this 

study may indicate how Tramadol affects clastogenic by inducing cytogenetic changes. 

These results correspond with Maleek, Safaa, and Marwa [62], who showed that the 

chromosomal aberrations and micronuclei accompanied with a reduction in the mitotic 

index in rats following the treatments with Tramadol and/or dactinomycin alone and 

tramadol/dactinomycin combination, compared to control groups. Similar results have 

been reported by Ali, Rafiq, Mubarik, Zahoor, Asad, Yaqoob, Ahmad, and Qamar [2], who 

concluded that tramadol cause genotoxicity in mice and that is dose-dependent and has low 

repair capability. 

It is known that opioids-induced organ toxicity could result from oxidative stress 

implication [49,50]. Malondialdehyde is the most important oxidation produced results 

from lipid peroxidation, which is regarded as a significant factor used to estimate the 

amount of lipid peroxidation in bone marrow [65]. The increment in of malondialdehyde 

level results from the ability of the tramadol compounds to stimulate ROS and peroxide 

radicals, which compliments the peroxidation of membrane lipids and exponentially raises 

malondialdehyde amounts [66]. Moreover, the reduced level of glutathione in this study is 

possibly directly influenced by the fact of the conjugation of glutathione with tramadol 

metabolites aiming to detoxify the cellular effect of these metabolites and also to impede 

the high level of malondialdehyde [67]. Furthermore, the decrease in catalase and 

superoxide dismutase is more likely because of the excess pro malondialdehyde duction of 

ROS, which ultimately influences approximately wholly bio-macromolecules, leading to 

numerous cellular adverse reactions. It has been reported that the administration of 

Tramadol enhances the production of ROS, which may also cause interruption of the gene 
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expression of these antioxidant enzymes, which perfectly illustrate the decrease of its 

activity [2]. Naturally extracted Antioxidants products have been found to eradicate the 

progress of oxidative stress that resulted from the administration of the narcotic drugs, 

including tramadol [68]. Astonishingly, the current finding of this study has exposed that 

tramadol intoxication produced a magnificent growth in malondialdehyde along with the 

deactivation of superoxide dismutase and catalase. Conversely, co-administrated of CSRE 

following tramadol administration shows the ability of CSRE in restoring the levels of 

antioxidant enzymes and inhibiting the peroxidation of lipids. Consequently, lead to a 

decreased in the structural and numerical chromosomal aberrations of the bone marrow. 

The outcome of this might be indicated by the antioxidant activity of the polyphenols and 

flavonoid compounds in CSRE, which have the ability to scavenge reactive oxygen species 

[29]. These results are partially agreed with the results of Ezejiofor and Orisakwe [69], who 

found that administration of the aqueous leaves extract of Costus as an antioxidant led to 

inhibit the oxidative stress and histopathological changes induced by lead in the testicular 

tissue of rats. 

4. Conclusion 

Results of the current study showed that tramadol-induced structural and numerical 

chromosomal aberrations, as evidenced by the disturbance in the oxidative status 

(increasing malondialdehyde and decreasing superoxide dismutase, catalase, and 

glutathione). In contrast, CSRE co-administered, along with Tramadol, reduced the 

chromosomal aberrations. In other words, due to the antioxidant activity of CSRE it is wise 

to use the CSRE during the Tramadol administration course in order to decrease tramadol-

induced chromosomal aberrations. These conclusive verdicts allude that CSRE is utilized 

to decrease tramadol-induced chromosomal aberrations through its antioxidant activity. 
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