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A B S T R A C T   

Currently, no single medication has been approved for the management of coronavirus disease-2019 (COVID-19) 
caused by the new severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Therefore, drug repositio-
ning by investigating the use of existing drugs for management of COVID-19 patients is considered a desperate 
need. Tramadol is a commonly prescribed analgesic drug for treatment of moderate to severe pain with less 
potential for dependence and respiratory depression. Multiple evidence support that tramadol is a promising 
drug for treatment of COVID-19 patients. Herein, we discuss the possible beneficial effects of using tramadol 
against SARS-CoV-2 infection and their underlying mechanism of action. The anti-inflammatory effect of tra-
madol may help to suppress the COVID-19 related cytokine storm through decreasing interleukin (IL)-6, tumor 
necrosis factor-alpha (TNF-α), and C-reactive protein (CRP). Besides, tramadol activates natural killer (NK) and 
T-cells and enhances IL-2 secretion, which produce immune-enhancing effect against SARS-CoV-2. Recent studies 
confirmed that COVID-19 patients with acute respiratory failure showed increased fibrin formation and poly-
merization that may lead to thrombosis. Tramadol owing to its hypocoagulable effect may protect against venous 
thromboembolism in these patients. Moreover, tramadol can exert a cardioprotective effect via decreasing lactate 
dehydrogenase (LDH) level which is elevated in most of patients with COVID-19. Furthermore, the severity and 
mortality of COVID-19 have been correlated with old age patients, which may be due to the lack of antioxidant 
mechanisms and increased oxidative damage. Tramadol could protect COVID-19 patient from disease compli-
cations by increases the antioxidant enzymes superoxide dismutase and glutathione peroxidase while diminished 
malondialdehyde. More interestingly, tramadol as an effective analgesic and antitussive may have a beneficial 
effect on COVID-19 patients suffering from cough, headache, ache, and pain. The tramadol anti-psychotic effect 
may also protect against psychiatric disorders associated with SARS-CoV-2 infection. Moreover, tramadol has 
bactericidal activity against a wide range of pathogens including Pseudomonas aeruginosa which is common in 
severe COVID-19 patients leading to pneumonia with worse clinical outcomes. Therefore, we hypothesize that 
tramadol might be a promising adjuvant therapeutic option against SARS-CoV-2 infection. Based on that, tra-
madol should be considered as adjuvant therapy for COVID-19 clinical trials.   

Background 

The emergence and spread of the novel coronavirus disease-2019 
(COVID-19) is a public health crisis threatening the world. This 

disease is caused by the severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) which had its origin in bats and was transmitted to 
humans in Wuhan, China in December 2019 [1–3]. According to WHO, 
there have been confirmed 50 676 072 reported cases of COVID-2019 
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and 1 261 075 reported deaths to date (10/11/2020). The disease is mild 
in most cases; in some patients, it may progress to acute respiratory 
distress syndrome (ARDS), pneumonia, and multi-organ failure [1,3,4]. 
Currently, no single medication has been approved for the management 
of COVID-19 [4,5]. Therefore, drug repositioning by investigating the 
use of existing drugs for management of COVID-19 patients is consid-
ered a desperate need. Several attempts for drug repositioning in 
treatment of COVID-19 was reported [6]. 

The hypothesis 

T-cells play a critical role in antiviral immunity, their level was 
dramatically reduced in COVID-19 patients [7]. There is a negative 
correlation between T-cell numbers and cytokines serum level in COVID- 
19 patients [7]. In those patients, there is up-regulation of inflammatory 
cytokines including interleukin (IL)-1, IL-6, tumor necrosis factor (TNF)- 
α, and interferon γ [8]. This makes the use of tramadol reasonable in 
such patients because it has anti-inflammatory effect decreasing plasma 
level of TNF-α [9], which may result in a subsequent increase in T-cell 
numbers. Besides, COVID-19 patients with acute respiratory failure 
present with severe hypercoagulability due to hyperfibrinogenemia that 
may predispose to thrombosis [10]. It has been reported that tramadol 
has a remarkable hypocoagulable effect. Consequently, tramadol may be 
useful for patients who have a tendency toward a hypercoagulable status 
and thromboembolic complications [11]. 

On the other hand, the severity and mortality risk of COVID-19 have 
been associated with the age. This age-related mortality is attributed to 
the shortage of antioxidant mechanisms and increased oxidative damage 
[12]. Tramadol increased the antioxidant enzymes superoxide dismut-
ase and glutathione peroxidase while diminished the oxidative stress 
marker malondialdehyde [13]. Owing to its antioxidant properties, 
tramadol could reduce complications in COVID-19 patients. Moreover, 

tramadol was reported to significantly lower lactate dehydrogenase 
(LDH) level and to provide a cardio-protective effect [14]. This seems 
beneficial as most of COVID-19 patients are presented with elevated 
LDH levels [15]. 

More interestingly, COVID-19 patient may experience intense 
emotional and behavioral reactions, such as fear, loneliness, and anxiety 
[16]. Tramadol is a centrally acting analgesic drug with a dual mecha-
nism of action: binding to μ-opioid receptors and the inhibition of se-
rotonin and norepinephrine reuptake [17]. Through its ability to inhibit 
serotonin and norepinephrine reuptake, tramadol may exhibit antide-
pressant activity [18]. In this context, the analgesic and antidepressant 
effects of tramadol may favor its use for COVID-19 patients. Tramadol 
also was found to have dose- and time-dependent bactericidal activity 
against Escherichia coli, Staphylococcus aureus, Staphylococcus epi-
dermidis, and Pseudomonas aeruginosa pathogens in vitro [19]. 

The rationale of the use of tramadol for COVID-19 patients is 
attributed to its anti-inflammatory, hypocagulatory, antioxidant, cardio- 
protective, analgesic, antitussive, bactericidal, and antidepressant effect 
(Fig. 1). 

Support for hypothesis 

Tramadol is a widely used opioid drug with less potential for dependance 
and respiratory depression 

Tramadol is a centrally acting analgesic by two different mecha-
nisms. It binds to μ-opioid receptors on cells, especially those responsible 
for feelings of pleasure and pain and in controlling heart rate, breathing, 
and sleeping [20–22]. Tramadol also inhibits serotonin and norepi-
nephrine reuptake, exerting inhibitory effects on pain transmission in 
the spinal cord and regulating mood and social behavior [20–22]. The 
two synergistic mechanisms improve the analgesic efficacy and 

Fig. 1. The plausible mechanisms of tramadol for treatment of COVID-19. GPx: glutathione peroxidase, LDH: lactate dehydrogenase, NK: natural killer, SARS-CoV-2: 
severe acute respiratory syndrome coronavirus 2, SOD: superoxide dismutase. 
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tolerability of tramadol [22]. 
In contrast to the other pure opioid agonists, tramadol has a mini-

mum risk of respiratory depression, tolerance, and dependence [22,23]. 
Previous studies confirmed that tramadol dependence may occur when 
it is used daily for more than a few weeks/months [24]. The use of 
tramadol is largely considered safe [22,23]. The most common side ef-
fects reported for tramadol use are nausea, dizziness, and constipation 
[22]. However, the toxicity of tramadol may be underestimated [25,26]. 

Tramadol is considered atypical opioid. This special character made 
tramadol one of the most prescribed analgesics for treatment of mod-
erate to severe pain [23,27]. It is recommended for the treatment of 
moderate to severe pain in patients who do not respond to oral therapies 
or who have a contraindication to nonselective COX inhibitors or se-
lective COX-2 inhibitors [23]. Tramadol can be administrated orally, 
rectally, and in a solution for IM/IV administration. Oral administration 
of tramadol has fast absorption and distribution [23]. 

The anti-inflammatory and immune-modulatory effect of tramadol may 
have a beneficial effect against SARS-CoV-2 infection 

SARS-CoV-2 infection is characterized by severe lymphopenia and 
eosinopenia, a cytokine storm leading to ARDS, and multiorgan 
dysfunction as well as an increased level of C-reactive protein (CRP) 
[28,29]. Lymphopenia causes a disorder in antiviral and immune reg-
ulatory activity [29]. There is an elevation of inflammatory cytokines 
including IL-6, IL-1, TNF-α, and interferon γ in COVID-19 patients [4,8]. 

Liu et al. [30] reported that tramadol suppresses pro-inflammatory 
cytokine production like IL-6 in a dose-dependent manner but doesn’t 
affect IL-2 levels, suggesting that it may suppress the inflammation and 
has a beneficial role in the modulation of IL-2 associated with cell- 
mediated immunity. Another study showed that adding tramadol to a 
caudal bupivacaine block can attenuate the pro-inflammatory response 
of cytokines (significantly decrease IL-6), cortisol, and CRP (markers of 
acute-phase and inflammatory mediator responses) in children under-
going surgery [31]. Moreover, plasma levels of TNF-α were reported to 
be decreased after treatment with tramadol (100 mg every 12 h for 10 
days) [9]. 

More interestingly, other studies reported that tramadol may have an 
immune enhancing effect by increasing secretion of IL-2 and mediating 
activation of natural killer (NK) cells [17,32]. NK cells are lymphocytes 
with characteristic ability to eradicate tumor and virus-infected cells, it 
is now well established that NK cells also have a critical role in regu-
lating immune cell homeostasis [33]. IL-2 is a cytokine that enhances NK 
cytolytic activity, activates T-cell growth, and drives the differentiation 
of regulatory T-cells. In normal conditions, immunologic response does 
not show IL-2 in the blood [34]. 

On the other hand, T-cells play a serious role in antiviral immunity, 
number of T-cells was dramatically decreased in COVID-19 patients 
[7,35]. There is a negative correlation between number of T-cells and 
circulating cytokines level in COVID-19 patients [7]. This makes the use 
of tramadol reasonable in such patients because plasma levels of TNF-α 
and IL-6 were reported to be decreased after treatment with tramadol 
which may result in a subsequent increase in T-cell numbers according 
to the negative correlation mentioned above [7–9,30,31]. 

Tramadol’ hypocoagulable and cardioprotective effect may prevent venous 
thromboembolism in COVID-19 patients 

COVID-19 patients with acute respiratory failure showed a remark-
able elevation in plasma fibrinogen and hypercoagulability [10]. This 
hyperfibrinogenemia leads to increase fibrin formation and polymeri-
zation which may complicate to venous thromboembolism [10]. A 
previous study found that tramadol exhibits a hypocoagulable activity in 
the blood of females with gynecologic malignancies in vitro [11]. 
Consequently, tramadol could have a beneficial effect in patients with a 
tendency to a hypercoagulable status and thromboembolic 

complications [11]. Moreover, tramadol could affect hemostatic pa-
rameters in favor of bleeding tendency in rats [36]. 

Moreover, tramadol was reported to significantly lower LDH level 
and to provide a cardioprotective effect [14]. This effect of tramadol 
seems useful since around 60% of COVID-19 patients showed elevated 
LDH levels [15]. 

Tramadol as a potent antioxidative agent may decrease complications in 
COVID-19 patients 

The severity and mortality of COVID-19 disease have been correlated 
with age. The mean case fatality rate for adult patients below 60 years 
old is found to be <0.2%, compared with 9.3% in patient aged over 80 
[4,12]. This age-related mortality is due to the lack of antioxidant 
mechanisms together with increased oxidative damage during aging 
process [12]. It was suggested that age related oxidative damage and 
attenuated antioxidant defense mechanisms may result in elevated 
reactive oxygen species [12]. 

Tramadol administration increased superoxide dismutase (an 
enzyme that helps breakdown of potentially harmful oxygen molecules 
in cells and prevents damage to tissue) and glutathione peroxidase (an 
enzyme family whose main biological role is to protect the organism 
from oxidative damage) while diminished malondialdehyde levels (in-
dicator for oxidative stress) in testicular ischemia–reperfusion injury 
[13]. These results proposed that tramadol might be a potent antioxi-
dant agent [13]. Therefore, we hypothesize that using tramadol as a 
potent antioxidant may reduce complications in old age COVID-19 
patients. 

Tramadol’ anti-depressant effect may protect against psychiatric disorders 
associated with COVID-19 infection 

As the COVID-19 was recognized by the World Health Organization 
(WHO) as a pandemic, psychiatric fear was increased in the population 
[16]. Studies reported that patients infected with SARS-CoV-2 may 
experience severe behavioral and emotional reactions, such as fear, 
loneliness, boredom, insomnia, anxiety, or anger [16,37,38]. Such 
conditions can complicate to disorders, including depressive, anxiety, 
psychotic, or paranoid, and can even lead to suicide [37,38]. These 
conditions can be especially prevalent in quarantined patients, whose 
psychological stress tends to be higher [16,38]. Tramadol is considered a 
centrally acting analgesic drug with a dual mechanism of action. It can 
bind to μ-opioid receptors and inhibit norepinephrine and serotonin 
reuptake [20]. Through its capability to inhibit norepinephrine and se-
rotonin reuptake, tramadol may possess antidepressant activity 
[18,39,40]. In this context, the antidepressant activities of tramadol may 
favor its indication for COVID-19 patients. 

Tramadol’ analgesic and antitussive effect may have a beneficial effect on 
COVID-19 symptoms 

One of the most common signs of SARS-CoV-2 infection is the cough 
which is reported in 45.8% of infected patients [41]. Headache, aches, 
pains and sore throat are also reported in some COVID-19 patients [41]. 
Previous studies showed that tramadol has antitussive properties [23]. 
Besides, tramadol is a special analgesic exhibiting moderate, dose- 
related pain relieving effect with less potential for respiratory depres-
sion and abuse [23,42]. 

Tramadol’ bactericidal activity may prevent COVID-19 complications 

A recent study showed that the prevalence of fungal and Pseudo-
monas aeruginosa colonization is higher in severe COVID-19 patients 
compared to non-COVID-19 cases [43]. This association might be due to 
the over-activation of the immune system causing the defect in the 
regulation of the defenses against pathogens other than SARS-CoV-2, 
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and the progression to co-infections and subsequent lung injury [35,43]. 
Fungi are the main causes of mortality in immunocompromised COVID- 
19 patients, while Pseudomonas aeruginosa is the most popular gram- 
negative bacteria causing pneumonia with worse clinical outcomes 
[43]. Tramadol was found to have dose-and time-dependent bactericidal 
effect against a wide range of pathogens including Escherichia coli, 
Staphylococcus epidermidis, Staphylococcus aureus, and Pseudomonas 
aeruginosa pathogens in vitro [19]. 

Conclusion 

Reposition of tramadol for treatment of COVID-19 infection is an 
innovative therapeutic approach based on the aforementioned plausible 
mechanisms of tramadol. Most of clinical manifestations of COVID-19 
patients can be addressed by oral tramadol administration. Of partic-
ular interest, tramadol has anti-inflammatory, hypocagulatory, car-
dioprotective, antioxidant, antitussive, analgesic, antidepressant, and 
bactericidal effect. In conclusion, tramadol with its multiple mecha-
nisms of action could be an effective therapeutic option for COVID-19 
patients. 
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