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Purpose: Neuropathic pain is sometimes difficult to manage because of limited efficacy of analgesic monotherapy even at high doses.
Combination therapy may help address this issue, but there is little evidence for its effectiveness. Therefore, we evaluated the efficacy
of combination therapy with pregabalin, an anchor drug for treating neuropathic pain, using the rat L5 spinal nerve ligation model.
Methods: Experiments were performed on four-week-old L5 spinal nerve ligated male Sprague-Dawley rats. Mechanical allodynia
was assessed using the von Frey test, where the 50% withdrawal threshold was evaluated for five drugs: pregabalin, duloxetine,
venlafaxine, tramadol, and celecoxib. The single-drug experiment included 112 rats, where each drug was tested independently.
Median effective doses (EDsgs) were determined. Combinations of pregabalin with each of the other four drugs were tested (n=_84).
The 50% withdrawal threshold in the von Frey test was evaluated. The EDs, of each combination was determined experimentally.
Isobolographic analyses were conducted to assess the synergistic potential of the drug combinations, excluding pregabalin-celecoxib,
since the EDs of celecoxib could not be determined.

Results: In the single-drug experiment, all drugs except celecoxib resulted in a dose-dependent increase in the 50% withdrawal
threshold 2 h after administration, with a maximum possible effect ranging from 4.4% to 79.6%. Similarly, all pregabalin combinations
demonstrated a dose-dependent increase in the 50% withdrawal threshold, with pregabalin-tramadol showing the greatest increment.
Isobolographic analysis of this combination revealed synergistic effects. Specifically, the combination index was y=0.4 (<1).
Combinations of pregabalin with duloxetine and venlafaxine demonstrated additive (y=0.9) and antagonistic effects (y=2.0),
respectively.

Conclusion: This study demonstrated that combination of pregabalin with tramadol has synergistic antiallodynic effects, while that
with duloxetine has additive effects. Moreover, pregabalin combined with venlafaxine was potentially antagonistic. Pregabalin
combined with tramadol may serve as a promising drug combination for the effective management of neuropathic pain.
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Introduction
Neuropathic pain is defined as pain caused by a lesion or a disease of the somatosensory nervous system,' which alters
sensory signals transmitted to the brain and spinal cord.” Common characteristics of neuropathic pain include persistent
burning and painful sensations, numbness, and increased sensitivity to touch.> The global prevalence of this condition is
estimated to be 7%-10%.>* Neuropathic pain is frequently associated with sleep disruption and anxiety, negatively
affecting patients’ overall mental well-being and reducing their quality of life.*

Pharmacotherapy is currently the most commonly used treatment to manage neuropathic pain. First-line treatments
including gabapentinoids such as gabapentin and pregabalin and serotonin-norepinephrine reuptake inhibitors (SNRIs)
such as duloxetine and venlafaxine and second-line treatment including the weak opioid tramadol are recommended by

the International Association for the Study of Pain.’ In the clinical setting, nonsteroidal anti-inflammatory drugs
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(NSAIDs) such as celecoxib are prescribed for mixed pain consisting of nociceptive and neuropathic components.
However, their efficacy in treating neuropathic pain is limited.®

Neuropathic pain is associated with the upregulation of voltage-gated calcium channels (VGCCs), specifically the a,
-3-1 subunit, in the dorsal horn and dorsal root ganglion of the spinal cord,”® causing increased neural excitation and
consequently, neuropathy.®® Pregabalin, an anticonvulsant drug, binds to the 0,-5 auxiliary subunits to reduce calcium
influx, lowering neurotransmitter release and, consequently, overall neuronal excitability.® Its neuropathic pain—relieving
properties have been demonstrated in several preclinical and clinical studies.® SNRIs are thought to relieve neuropathic
pain by improving the impaired descending noradrenergic inhibitory system.'® They have demonstrated efficacy in
treating neuropathic pain mainly in patients with diabetic peripheral neuropathy. Among the SNRIs, duloxetine has
evidence with moderate quality, whereas venlafaxine has been less evidenced.'''? Tramadol, a weak opioid, has
a unique pharmacological property of exerting not only an opioidergic effect but also noradrenergic and serotonergic
effects.'® It has been reported to be effective in patients with several neuropathic pain conditions, although the quality of
evidence has been low or very low.'* While several treatment options are available, the overall response rates to
analgesic monotherapy in patients with neuropathic pain remain modest.” Moreover, high-dose analgesic monotherapies
may cause adverse effects.'>'® Because neuropathic pain is debilitating, effective pain-management strategies are
essential.

Combination therapies using compounds with different modes of action can potentially address the limitations of analgesic
monotherapy by providing synergistic effects at lower drug doses. These effects provide an added advantage of potentially
fewer treatment-related side effects.'”'® However, there is little concrete evidence to support the efficacy of combination
treatments for neuropathic pain. Specifically, clinical trials employing combination therapy with pregabalin have demon-
strated varying efficacy.'® In the COMBO-DN clinical trial, pregabalin combined with duloxetine was reported to be
noninferior to high-dose monotherapy with either drug.'® On the other hand, preclinical studies have shown that combinations
of pregabalin with tapentadol or neurotropin have synergistic effects.”?! Nevertheless, the use of tapentadol is precluded by
limited evidence for treating neuropathic pain,* and neurotropin has only been approved in Japan.®> Given the paucity of
evidence supporting combination therapy, it is imperative to test combinations with widely available and commonly
prescribed drugs for the treatment of neuropathic pain.

The aim of this preclinical study was to evaluate the antiallodynic efficacy of pregabalin in combination with other
commonly used analgesics in the rat LS spinal nerve ligation (SNL) model. We assessed the synergistic potential of the
combinations to identify candidates for the treatment of neuropathic pain.

Materials and Methods

Animals

A total of 256 four-week-old male Sprague-Dawley rats (Charles River Laboratories, Shiga, Japan), weighing 80-90 g,
were used for this study. Animals were housed in a room having temperature between 22.6°C-24.6°C, humidity between
48%—63%, and a light cycle of 12 h per day (0700 to 1900 hours). Rats were housed in polypropylene plastic cages
(345 mm x 403 mm x 178 mm; CREA, Tokyo, Japan, Inc.) with not more than two or three rats per cage. The diet
included standard rat chow (CRF-1, dry diet; Oriental Yeast Co., Ltd, Tokyo, Japan) and tap water supplemented with
hypochlorite (2—10 ppm), available ad libitum. All animals were allowed to acclimatize for five days before commencing
experimental procedures.

All rats were euthanized with carbon dioxide after evaluation.

Drugs

Five drugs were tested in this study: duloxetine, celecoxib (Tokyo Chemical Industry Co., Ltd, Tokyo, Japan), pregabalin
(ChemFaces, Hubei, China), venlafaxine, and tramadol (Sigma-Aldrich, St. Louis, MO, USA). All drugs were dissolved
in distilled water (Otsuka Pharmaceutical Factory Inc, Tokushima, Japan) containing 0.5% w/v methylcellulose 400
solution (Fujifilm Wako Pure Chemical Corporation, Osaka, Japan) and administered orally (5 mL/kg) on Day 7
after SNL.
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Spinal Nerve Ligation

The SNL model is commonly used to induce neuropathic pain in animals.** In this study, SNL was performed under
inhalation anesthesia (2—4% isoflurane in air). The left L5 spinal nerve was exposed by removing a small segment of both
the paravertebral muscle and the left spinous process of the LS lumbar vertebra. L5 spinal nerves were then ligated with
60 silk sutures. The muscle and adjacent fascia were closed with sutures, and the skin was subsequently closed with
metal clips.

von Frey Test

The von Frey test is commonly used to measure mechanical allodynia in rodents.*® In this study, the von Frey test was
performed on each animal on Day 7 after SNL. Rats were placed in a plastic box having a mesh-wired bottom and
allowed 30 minutes to habituate. Tactile stimuli comprising a series of von Frey filaments (0.4, 0.6, 1, 2, 4, 6, 8§, and
15 g; North Coast Medical Inc., Morgan Hill, California, USA) were then applied in succession to the middle plantar
surface of the paw, starting with the 2-g filament. The “up-down method” was used, and the withdrawal threshold was
computed as 50% withdrawal threshold (g)=(10Xf+kd)/ 10,000, where X,is the value of the von Frey stimulus last applied
(in log units), k is a tabular value for the response pattern, and d is the distance between consecutive filaments applied
(in log units).>> Only animals satisfying the criteria for mechanical allodynia (50% withdrawal threshold <4 g) were
selected for subsequent experiments. Animals were allocated to groups such that the 50% withdrawal threshold and
average body weight on Day 7 did not differ across groups. The von Frey test was conducted before and 2 h after drug
administration.

Single-Drug Experiment
The single-drug experiment included 148 rats that had undergone SNL. Of these, 112 animals demonstrated mechanical
allodynia and were allocated for drug administration. These rats were divided into the following five drug subgroups:
pregabalin, duloxetine, venlafaxine, tramadol, and celecoxib. Of these, 21 animals each were assigned to the pregabalin,
duloxetine, tramadol, and celecoxib subgroups, and 28 animals were assigned to the venlafaxine subgroup. Drug doses
were determined based on a preliminary study. The doses for the single drugs were set based on previous studies.?'*¢
Pregabalin was administered at concentrations of 10, 20, and 30 mg/kg; duloxetine at 10, 30, and 60 mg/kg; tramadol at
25, 50, and 100 mg/kg; celecoxib at 10, 30, and 100 mg/kg; and venlafaxine at 10, 100, 600, and 800 mg/kg.

The median effective dose (EDsg) for each drug was calculated based on a preliminary study and the single-drug

experiment group in the current study and was determined experimentally from the log dose-response curves.

Combination-Drug Experiment

In the combination-drug experiment, various combinations of pregabalin with the four remaining analgesic drugs were
tested. In total, 108 rats with SNL were tested, and 84 rats demonstrated mechanical allodynia. Overall, 21 rats were
assigned to each combination subgroup (pregabalin-duloxetine, pregabalin-tramadol, pregabalin-celecoxib, and prega-
balin-venlafaxine). In each subgroup, seven animals each were assigned to receive one of three doses. For every drug
combination, each constituent drug was co-administered at a concentration of either 1/8, 1/4, or 1/2 of their respective
EDso values. The EDsq for celecoxib could not be determined. Therefore, for the combination of pregabalin and
celecoxib, the concentrations included (pregabalin + celecoxib) 1/8 EDso mg/kg + 12.5 mg/kg, 1/4 EDsy mg/kg +
25 mg/kg, and 1/2 EDsg mg/kg + 50 mg/kg. The EDs, of the drugs in the combination was determined as described
above.

Data Analysis

EDsq Calculation

Log dose-response curves of the antiallodynic effects determined using the von Frey test were constructed by plotting the
50% withdrawal threshold against the logarithm of dose concentrations tested. Experimental EDsgs were then calculated
from the sigmoid curve fitted to the data.
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Isobolographic Analysis

To assess the synergistic effects of combination therapy, isobolograms were constructed based on the EDs of the constituent
drugs.”® Combination effects were evaluated using the combination index v.>° For any drug combination, a value of y=1
indicates an additive effect, whereas y<I and y>1 indicate synergistic and antagonistic effects, respectively.*”

Statistical Analysis

Descriptive statistics are reported unless otherwise stated. The 50% withdrawal thresholds and EDs, values are reported as
mean (standard error [SE]) values. Student’s ¢-tests were performed to test for significant differences in the 50% withdrawal
threshold before and 2 h after drug administration in the combination-drug experiment. All statistical analyses were performed
using SAS version 9.4 (SAS Institute Inc., North Carolina, USA) for Microsoft Windows. EDs, values were computed using
the EXSUS statistical analysis system (version 10.1.1; EP Croit Corporation, Tokyo, Japan).

Results

Of the 256 animals included in this study, 196 were assigned to the single- or combination-drug experiment groups. The
body weight of all animals increased between Day 0 (day of SNL) and Day 7 (7 days after SNL), indicating that they
were in good health. No clinical abnormalities were observed in the animals throughout the study period.

Single-Drug Experiment

Mechanical allodynia was assessed in SNL rats assigned to the single-drug treatment group using the von Frey test. Of
the five drugs tested, pregabalin, duloxetine, venlafaxine (except at the 10 mg/kg dose), and tramadol caused an increase
in the 50% withdrawal threshold of rats 2 h after drug administration compared with that before drug administration. For
these four drugs, a dose-dependent increase in the withdrawal threshold was observed (Table 1). Specifically, the

Table | Withdrawal Threshold in the von Frey Test in the Single-Drug Experiment

Drug Concentration Mean (SE) 50% Withdrawal Threshold (g)
(mglkg)
Before Drug 2 h After % MPE?*
Administration Administration
Pregabalin 10 2.9 (0.2) 6.2 (0.6) 27.6 (4.9)
20 2.9 (0.1) 9.6 (1.7) 55.6 (13.7)
30 2.8 (0.1) 12.5 (1.2) 79.6 (9.8)
Duloxetine 10 3.1 (0.2) 4.5 (0.3) 12.0 (2.3)
30 2.8 (0.2) 85 (I.1) 47.3 (8.5)
60 2.7 (0.1) 9.9 (0.6) 58.8 (5.1)
Tramadol 25 3.0 (0.1) 5.3 (0.5) 19.5 (4.3)
50 3.0 (0.1) 74 (1.0 36.4 (8.7)
100 3.0 (0.1) 9.0 (1.4) 49.5 (12.1)
Celecoxib 10 3.1 (0.2) 3.2 (0.3) 3.3(1.8)
30 3.1 (0.2) 4.5 (0.3) 11.8 (3.1)
100 3.2 (0.2) 3.7 (0.5) 4.8 (3.7)
Venlafaxine 10 2.9 (0.1) 3.4 (0.2) 4.4 (1.8)
100 2.9 (0.1) 3.7 (0.3) 6.6 (2.2)
600 2.9 (0.1) 7.8 (1.7) 40.5 (13.9)
800 3.0 (0.1) 10.6 (2.3) 64.1 (19.0)

Notes: *%MPE = [(post-drug threshold — post-injured baseline threshold)/(cut-off threshold — post-injured baseline threshold)] x 100. Cut-off
threshold was |5 g.
Abbreviations: MPE, maximum possible effect; kg, kilogram; mg, milligram; SE, standard error.
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maximum possible effect ranged from 27.6—79.6% for pregabalin, 12.0-58.8% for duloxetine, 19.5-49.5% for tramadol,
and 4.4-64.1% for venlafaxine (Table 1). At most doses, celecoxib did not demonstrate an antiallodynic effect (Table 1).
The EDsq of each drug was determined. The mean (SE) EDsqs for pregabalin, tramadol, duloxetine, and venlafaxine
were 17.1 (3.0) mg/kg, 75.0 (17.2) mg/kg, 26.4 (4.6) mg/kg, and 673.4 (58.5) mg/kg, respectively (Table 2). The EDs, of
celecoxib could not be estimated as it did not demonstrate an antiallodynic effect in the von Frey test (Table 1).

Combination-Drug Experiment: Isobolographic Analyses

Isobolographic analyses of all drug combinations revealed that the pregabalin-tramadol combination demonstrated
synergistic effects (mean [SE] EDsy: pregabalin, 3.5 [1.0] mg/kg; tramadol, 15.5 [4.3] mg/kg; Figure 1B), and the
corresponding combination index, y, was 0.4.

None of the pregabalin combinations with SNRIs were synergistic. Specifically, the pregabalin-duloxetine combina-
tion demonstrated only an additive effect (y=0.9; Figure 1A). The mean (SE) experimental EDs, was 7.5 (1.9) mg/kg for
pregabalin and 11.6 (2.9) mg/kg for duloxetine. On the contrary, the pregabalin-venlafaxine combination showed
a potential antagonistic effect (mean [SE] EDsq: pregabalin, 17.2 [14.2] mg/kg; venlafaxine, 663.8 [537.0] mg/kg;
v=2.0; Figure 1C).

As with the single-drug experiment, the von Frey test was used to evaluate mechanical allodynia in SNL rats assigned
to the combination-drug treatment groups. All drug combinations demonstrated a dose-dependent increase in the 50%
withdrawal threshold 2 h after drug administration (Figure 2). Specifically, the largest difference in mean withdrawal
threshold was observed in the pregabalin-tramadol subgroups, while the least difference was observed in the pregabalin-
celecoxib subgroups (Figure 2). The EDsqs for all pregabalin combinations are presented in Table 2.

Discussion

Neuropathic pain is a debilitating symptom of a range of different etiologies that does not always respond to single
pharmacological treatment regimens. Evidence for the efficacy of combination therapy is limited.” In this study, we
demonstrated the antiallodynic efficacy of pregabalin in combination with four other drugs, namely duloxetine, tramadol,
celecoxib, and venlafaxine, in the rat LS SNL neuropathic pain model. The antiallodynic effect was most prominent when
pregabalin was combined with tramadol, and the isobolographic analysis of this combination revealed synergistic effects.
Additionally, pregabalin combinations with duloxetine and venlafaxine showed additive and antagonistic effects,

respectively.
Table 2 EDs, for Both Single- and Combination-Drug Experiments
Experimental Group Number of Rats, n Mean (SE) EDso (mg/kg)
Single-Drug Experiment (n=112)
Pregabalin 21 17.1 (3.0)
Duloxetine 21 26.4 (4.6)
Tramadol 21 75.0 (17.2)
Celecoxib® 21 -
Venlafaxine 28 673.4 (58.5)
Combination-drug experiment® (n=84)
Pregabalin + Duloxetine 21 Pregabalin 7.5 (1.9)
Duloxetine 11.6 (2.9)
Pregabalin + Tramadol 21 Pregabalin 3.5 (1.0)
Tramadol 15.5 (4.3)
Pregabalin + Venlafaxine 21 Pregabalin 172 (14.2)
Venlafaxine 663.8 (537.0)
Notes: “As celecoxib did not show any antiallodynic effect in the single-experimental group von Frey test, its EDso could
not be determined.
Abbreviations: EDsy, median effective dose; kg, kilogram; mg, milligram; SE, standard error.
Journal of Pain Research 2022:15 https: 3473
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Figure | Isobologram showing effects of combination drugs. (A). Combination of pregabalin with duloxetine. (B). Combination of pregabalin with tramadol. (C).
Combination of pregabalin with venlafaxine.

Notes: Solid filled circles indicate mean values. Error bars indicate SE. Gray dashed lines indicate the SE of the additive line.

Abbreviations: EDs,, median effective dose; kg, kilogram; mg, milligram; SE, standard error.
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Figure 2 Withdrawal threshold in the von Frey test in the combination-drug experiment. (A). Combination of pregabalin with duloxetine. (B). Combination of pregabalin
with tramadol. (C). Combination of pregabalin with venlafaxine. (D). Combination of pregabalin with celecoxib.

Notes: Mean values for 50% withdrawal threshold are depicted. Error bars indicate SE. *p<0.05; **p<0.01; ***p<0.001.

Abbreviations: EDs, median effective dose; g, gram; h, hour; kg, kilogram; mg, milligram.

Consistent with the findings reported in the literature regarding the use of pregabalin (anticonvulsant), duloxetine and
venlafaxine (SNRIs), and tramadol (weak opioid) for neuropathic pain,® the results from our single-drug experiment
indicated antiallodynic effects of each of these drugs. Celecoxib, however, did not have any impact on the SNL rats.
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Celecoxib is an NSAID (cyclooxygenase-2 inhibitor) typically prescribed to treat nociceptive pain and is frequently
combined with pregabalin in clinical practice for pain relief when neuropathic pain is present as a symptom.”'

The von Frey test showed reduced mechanical allodynia in most combination subgroups. Across all the different
combinations with pregabalin, the subgroup receiving the combination of pregabalin and tramadol experienced the
greatest increase in withdrawal threshold after drug administration. This finding was supported further by isobolographic
analyses, which demonstrated the synergistic effects of the combination. The synergism could be attributed to the distinct
mechanisms of action of tramadol and pregabalin. Tramadol binds to the p-opioid receptors in the brain and inhibits
serotonin and norepinephrine reuptake.” On the other hand, pregabalin has several possible mechanisms of action. It
primarily targets the 0,-3-1 subunit of VGCCs to reduce overall neural excitability.® Other mechanisms include the
inhibition of N-methyl D-aspartate (NMDA) receptors and sodium currents and reduced VGCC trafficking via the f4a
subunit.*?

Analgesic effects of the combinations of pregabalin or tramadol with other drugs have been previously reported.
Studies have indicated the synergistic benefits of tramadol when combined with acetaminophen for treating nociceptive
pain.>* This combination is currently approved by the Food and Drug Administration®* to treat nociceptive pain, such as
chronic lower back pain®® and dental pain.*® In contrast, pregabalin has a synergistic antiallodynic effect for neuropathic
pain when combined with tapentadol.?® Tapentadol is a drug that combines p-opioid agonism, indirectly modulating the
descending pain pathways involving the brain and spinal cord, with the action of noradrenaline reuptake inhibition by
delaying the release of noradrenaline into the synaptic cleft, thereby having high analgesic efficacy.?® Since tapentadol is
a derivative of tramadol, the results of this study are consistent with the synergistic effects observed with the pregabalin-
tapentadol combination.”® Moreover, synergistic effects with opioids have also been observed with other anticonvulsants
such as gabapentin, the same gamma-aminobutyric acid (GABA) derivative as pregabalin.**> Gabapentin, when combined
with opioids such as morphine, not only reduced pain scores in patients with neuropathic pain but also enhanced the
analgesic effects of morphine by increasing pain tolerance.>’ Furthermore, gabapentin-opioid combinations have
demonstrated greater efficacy than opioid monotherapy in treating cancer-related neuropathic pain. The current study
provides evidence supporting combination therapy with pregabalin and tramadol to treat neuropathic pain, consistent
with previous reports of synergistic effects with pregabalin-tapentadol?® and gabapentin-opioid combinations.?’
However, the concomitant use of opioids and gabapentinoids must be considered with caution due to the reported risk
of respiratory depression.*®

Several clinical studies have previously investigated the combinations of pregabalin with other classes of analgesics
as well. Romano et al demonstrated that pregabalin combined with celecoxib has greater efficacy in treating chronic
lower back pain having both nociceptive and neuropathic components than individual monotherapies;*® The results of the
von Frey test demonstrate that pregabalin combined with celecoxib showed limited efficacy in alleviating mechanical
allodynia, suggesting that this combination may not be an appropriate choice for neuropathic pain. Nevertheless, for
mixed pain, such as those having both neuropathic and nociceptive characteristics, a combination of drugs independently
targeting each pain may be clinically meaningful. The additive effect observed with the pregabalin-duloxetine combina-
tion in this study supports the findings of the COMBO-DN clinical study, which demonstrated the nonsuperiority of this
combination over high-dose monotherapy for treating peripheral neuropathic pain in diabetes, with no significant
differences in treatment-emergent adverse events (TEAEs) in both groups.'® This result also suggests that the pregabalin-
duloxetine combination may not demonstrate synergistic effects, consistent with the additive effects observed in the
present study, and that low-dose combination therapy may not aid in reducing TEAEs.

Interestingly, our results indicated potential antagonistic effects when pregabalin was combined with venlafaxine.
Venlafaxine functions as a selective serotonin reuptake inhibitor at low doses and as an SNRI at high doses.*> Compared
with high-dose venlafaxine, the efficacy of low-dose venlafaxine is limited, and it is therefore not recommended."!
Consistent with this finding, our results demonstrate that venlafaxine in combination therapy, when lower doses are used,
may not be effective in managing neuropathic pain. Although duloxetine and venlafaxine belong to the same class of
drugs (SNRIs) and have been strongly recommended,” we observe different combination effects with each. However, it is

not clear if the antagonism with venlafaxine is true antagonism or a spurious finding. The EDs, of venlafaxine in the
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combination is much greater and lies beyond the dose range of the single agents tested, and this could be a potential
reason for its observed variability. Therefore, this combination must be investigated further.

Across all tested combinations, pregabalin combined with tramadol demonstrated more than a two-fold increase in
withdrawal threshold in the von Frey test. However, it must be noted that mechanical allodynia, the condition
investigated in this study, is not always observed in every case of neuropathic pain in clinical practice. Therefore,
these results must be interpreted with caution since combination therapy may not necessarily lead to analgesia in all
forms of neuropathic pain. The increased withdrawal threshold was observed when the dose concentrations of both
pregabalin and tramadol in the combination were lower than their respective concentrations when used individually.
Pregabalin is commonly associated with unfavorable side effects such as somnolence, dizziness, and weight gain,*'***
causing patients to discontinue treatment,** whereas tramadol is associated with nausea, dizziness, and sometimes
constipation.'* Therefore, the observed synergistic effect of the pregabalin-tramadol combination permits a reduction
in both pregabalin and tramadol dosage, which may be beneficial for mitigating TEAEs. However, the safety of
individual drugs and drug combinations was not assessed as this was a preclinical study, and it could not be determined
whether lowering the drug dosage would reduce TEAEs. These aspects must be evaluated in future clinical studies.

Conclusions

This study demonstrated that pregabalin combined with tramadol has synergistic effects and may be a promising treatment
for neuropathic pain. This combination strategy enables the use of lower doses of each constituent drug to provide
a therapeutic benefit similar to that achieved using high-dose monotherapy but with possibly fewer adverse effects. Our
findings lay the foundation for assessing combination therapy in real-world clinical practice to determine the optimal dose
and confirm the efficacy and safety of this drug combination for the effective management of neuropathic pain.
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