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This study investigated the ameliorative effects of Ashwagandha (Withania somnifera, ASH) on liver and kidney 
function, brain oxidative stress, and proinflammatory cytokines in rats subjected to tramadol (TRE) treatment and 
withdrawal regime. Two main rat groups: Group A (Treatment) were orally treated for 6 weeks, Control (0.5%CMC), ASH 
(200 mg/kg), TRE (40 mg/kg), and TRE+ASH groups. Group B (Withdrawal), were orally treated for ten weeks, Control, 
ASH (CMC six weeks followed by ASH four weeks), TRE (increasing doses, 40, 80 then 120 mg/kg/day for six weeks 
followed by CMC four weeks), and TRE+ASH (TRE increasing doses six weeks followed by ASH four weeks).  
The TRE+ASH groups showed a significant improvement compared to TRE treated and withdrawal groups. That includes 
reduction in AST, ALT, urea, and creatinine values indicating improved liver and kidney functions. Also, the brain cortex 
and brainstem tissues revealed enhanced antioxidant defence (CAT, GST, GPX, GSH and TAC) and reduced oxidative 
stress markers (NO and MDA). In addition, the proinflammatory cytokines (TNF-α and IL-1β) in cortex were significantly 
(P ≤0.05) reduced by ASH supplementation. These results suggest ASH supplementation ameliorates the liver and kidney 
functions, oxidative brain damage and neuroinflammation during both treatment and withdrawal of TRE.  

Keywords: Tramadol induced liver dysfunction, Tramadol induced kidney dysfunction, Withania somnifera supplementation, 
Oxidative stress markers, Brain cortex, Brainstem, Proinflammatory cytokines expression 

Tramadol (TRE) is a synthetic constructed drug that 
works as a central opioid painkiller and is structurally 
related to morphine and codeine. Tramadol functions 
by inhibiting serotonin and norepinephrine reuptake 
and binding the μ opioid receptors. Persistent TRE 
usage increases its toxic potential through the 
accumulation of toxic metabolites in the body, 
resulting in lower clearance and different organ 
toxicities have been linked to its abuse1. Tramadol 
have been reviewed for neurotoxicity, hepatotoxicity, 
nephrotoxicity, lung and heart toxicity, and adrenal, 
as well as testicular and reproductive toxicity through 
oxidative stress2. Because of the increased incidence 
of TRE-related overdose and death, it has been 
classified as a controlled substance in several 
countries. In the United States, the Drug Enforcement 
Administration (2014) classified TRE into Schedule 
IV of the Controlled Substances Act, and the United 
Kingdom classified it as a Class C, Schedule 3 

controlled substance and managing tramadol 
withdrawal considered a target3. Tramadol abuse 
considered as problematic issue in Egypt and Middle 
Eastern countries. Its usage in increasing doses has 
been linked to addiction associated with organ 
toxicity and increased oxidative stress1 and the 
tramadol abuse presents a significant challenge in 
treatment. So searching and experimental evaluation 
of medicinal plants that could help manage 
detoxification of opioid addicts is a target.  

Withania somnifera (L.) Dunal (WS, 
Ashwagandha, ASH) is an herbal plant planted in dry 
places in India. Additionally, it was grown in Iran, Sri 
Lanka, Nepal, and China. It has been recognised as an 
adaptogen in ayurvedic medicine for its ability to 
promote homeostasis of the whole body not only by 
one specific pharmacological mechanism. The plant 
contains more than thirty-five biologically active 
chemical substances, including alkaloids, flavonoids, 
saponins, and steroidal lactones (withanolides). 
Withania somnifera is consumed as an antioxidant, 
anti-inflammatory, antibacterial, aphrodisiac and liver 
tonic agent4. Standardised ashwagandha root extract 
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supplementation has been shown to have antioxidant 
and anti-inflammatory effects, leading to a 
radioprotective effect on the liver and spleen tissues 
of rats exposed to both acute and chronic doses of γ-
radiation5. Ashwagandha extracts have been 
previously investigated for its impact on stress, 
anxiety, mood, and sleep disturbances in both humans 
and animal models through modulation of gamma 
aminobutyric acid A receptor (GABA-A) and 
serotonin reuptake inhibition pathways. Ashwagandha 
has shown potential in neuroinflammation, promote 
overall physiological balance by engaging multiple 
pathways, potentially improving cognitive function, 
mood, and resilience to illness 6. 

Previous studies indicate that ASH may interfere 
with the central effects of addictive drugs, in addition 
to its antioxidant and anti-inflammatory properties. 
This suggests that ASH could be a potential treatment. 
To the best of our knowledge, no previous studies 
have explored its effect on TRE misuse4-6.  

Hence, the present study hypothesised an 
ameliorative role of Ashwagandha supplementation 
against the chronic TRE (therapeutic dose) treatment 
for 6 weeks or the withdrawal associated with its 
misuse by successive doses (4 weeks withdrawal after 
6 weeks treatment with successive doses) in adult 
male rats on the induced perturbations in liver and 
kidney functions and brain oxidative stress and 
inflammation.  
 

Materials and Methods 
Tramadol hydrochloride (TRE) was obtained from 

the Memphis Company for pharmaceuticals and 
chemical industries under the supervision of the 
Egyptian Drug Authority (EDA). Withania somnifera 
(Ashwagandha, WS, ASH) was purchased from NOW 
FOODS as capsules (450 mg) from dry powdered 
roots and leaves (2.5% total withanoides-11 mg). 
Carboxymethylcellulose (CMC) was obtained from 
Sigma Aldrich as a white powder, and CMC (code: 
21902 medium viscosity) was prepared by adding 5 g 
of CMC to 1000 mL of distilled water. 
 

Experimental animals 
The study was conducted with Wistar adult male 

rats (n=80). They were 6 months old and weighed  
150 g and purchased from the UResearch Animal 
Facility (URAF) animal house, Egypt. The rats were 
group-housed in clear conventional cages containing 
rice strew wood bedding material. The housing room 
was controlled for temperature (25 ± 2 °C), humidity 
(48 ± 2%), and 12 hours. light/dark cycle and masking 

environment noise. The rats were given basic rat 
chow (R36; Lantmännen, Kimstad, Sweden) and 
water ad libitum. The experiments were authorised by 
the Institutional Animal Care and Use Committee 
(URAF-IACUC) according to the Cairo University 
Institutional Animal Care and Use Committee  
CU-IACUC with approval number 000611922. 
 

Experimental design 
The rats were divided into two main groups and 

left for 5 days for adaptation before the beginning of 
the experiments. The first group (A) is the main 
treatment group that was divided into four groups 
(n=10/group) and treated orally for 6 weeks as 
follows: 

Control: Received (CMC, 0.5% as 0.5 mL/100 g bw); 
ASH (Ashwagandha): Administrated ashwagandha (200 
mg/kg/day) according to a previous studied dose7; TRE 
(tramadol): TRE (40 mg/kg/day) was administered at a 
dose calculated equivalent to the maximum human 
therapeutic dose8; TRE +ASH: TRE (40 mg/kg/day) was 
administered first, and after 1 hour, the rats received 
ASH (200 mg/kg/day). 

The second group (B) (withdrawal group) was 
divided into four groups and treated orally for ten 
weeks as follows: 

Control: 0.5% CMC (0.5% as 0.5 mL/100 g bw); 
ASH: CMC was administered for the first 6 weeks, 
followed by ASH (200 mg/kg) for 4 weeks; TRE 
withdrawal group: TRE was administered for 6 weeks 
(with increasing doses from the therapeutic dose 
every two weeks in order of 40-80-120 mg/kg/day), 
followed by CMC administration for the remaining 4 
weeks; TRE+ASH: TRE was administered in 
successive doses, for 6 weeks, followed by ASH  
(200 mg/kg) for 4 weeks. 

At the end of each experiment, the rats in each group 
were suddenly decapitated by a technician with technical 
expertise with sharp blades, and their blood was 
collected for serum preparation to determine liver and 
kidney function parameters. Cortical and brainstem 
tissues were extracted from each rat brain, six from each 
tissue sample were homogenised in phosphate-buffered 
saline (PBS; pH 7.2) at 10% w/v and then centrifuged, 
and the supernatant was stored at ˗20 °C until use for 
oxidative stress markers estimation. The remaining four 
brains were preserved in neutral formalin (10%) for 
immunohistochemical investigation. 
 

Biochemical investigations 
Serum aminotransferases, AST and ALT were 

assayed by colourimetric endpoint, where oxaloacetate 
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formed reacts with 2, 4-dinitrophenylhydrazine to 
yield a coloured hydrazone for AST assay and 
pyruvate formed reacts with 2-4-dinitrophenyl 
hydrazine to yield a coloured hydrazone for ALT 
assay and both measured at 546 nm with sensitivity  
7 U/L. Urea estimated by enzymatic colourimetric 
method, where urea is broken down into ammonia and 
carbon dioxide by urease. Ammonium reacts with 
salicylate and nitroferricyanide in alkaline solution of 
sodium hypochlorite forming green coloured 
compound with intensity related to urea present 
measured at 578 nm with sensitivity 1 mg/dL. 
Creatinine (Cr) was assayed by colourimetric 
endpoint method where creatinine reacts with picric 
acid in alkaline conditions forming yellow- orange 
coloured complex measured at 546 nm with 
sensitivity 1.0 mg/dL. The aforementioned parameters 
were assessed via kits purchased from Biomed 
Diagnostic Co., Egypt, according to the 
manufacturer′s instructions.  

The supernatants of either the cortex or brainstem 
were used for spectrophotometric determination of the 
enzyme activities, glutathione peroxidase (GPx), by 
indirect measure of the cellular enzyme (c-GPx), as 
oxidized glutathione (GSSG) generated when c-GPx 
reduces an organic peroxide and GSSG then recycled 
to its reduced state GSH by the enzyme glutathione 
reductase and absorbance measured at 340 nm/min to 
obtain change of absorbance/min using GSH as 
reference standard. Glutathione-S-transferase (GST) 
assayed according to the conjugation of the enzyme 
with CDNB (1-chloro-2,4-dinitrobenzene) which 
measured at 340 nm. and catalase (CAT). The 
extinction coefficient of the CDNB-GSH conjugate at 
340 nm, which is approximately 9.6 × 10³ M⁻¹ cm⁻¹ 
and its mole calculated to determine the GSH activity 
(mM/min/g). In addition, the glutathione (GSH) 
content was assayed based on the reduction of 5,5` 
dithiobis (2-nitrobenzoic acid) (DTNB) with GSH 
producing a yellow compound directly proportional to 
GSH content which measured at 405 nm. 
Malondialdehyde (MDA) was detected through the 
reaction of thiobarbituric acid (TBA) with MDA  
in acidic medium at 95 °C for 30 min forming 
thiobarbituric acid resultant pink product that 
measured at 534 nm. The total antioxidant capacity 
(TAC) was performed by reaction of antioxidants in 
sample tissue homogenate with known amount of 
H2O2 and its residue is determined colorimetrically 
by enzymatic reaction to convert 3,5,dicloro-2-
hydroxy benzensulphate to coloured product 

measured at 505 nm. Finally nitric oxide was 
determined as nitrite by the use of Griess reagent 
which converts nitrite into purple azo compound 
measured at 540 nm. The aforementioned parameters 
determined in tissue by a commercial biodiagnostic 
kit according to the manufacturer′s procedures. Every 
sample was measured in triplicate and the average 
was taken in calculation. 
 

Immunohistochemical investigations 

The sequences of the sections (5 m) were 
obtained from a typical paraffin block. Primary 
antibodies against tumor necrosis factor-alpha (TNF-
α, rabbit pAb, ABclonal Technology (Wuhan China), 
Catalog No. A0277) and interleukin-1beta (IL-1β, 
rabbit pAb, ABclonal Technology Co. Catalog No. 
A16288) at a concentration of 1:150 in PBS were 
used, after which the slides were inserted and 
incubated at 4 °C for 24 hours. after washing with 
PBS. A 3,3-N-diaminobenzidine tetrahydrochloride 
(DBA) solution was applied, the DBA developing 
Colour Kit was added to the antibody-identified 
slides, and the slides were subsequently incubated for 
15 minutes and washed in water. Next, the sections 
were incubated with hematoxylin dye for 10 min. 
Then, dehydration was assessed with alcohol, and 
Canada balsam was added to the sections. The slides 
were examined at 400× with an Olympus BX43 
microscope connected to a camera as previously 
described9. Six nonoverlapping fields were selected at 
random and examined from cortex tissue to assess 
TNF-α and IL-1β expression according to the brown 
colour density. The colourimetric analysis of the 
images revealed that the density of the brown colour 
was determined via the Trigit application10. 
 

Statistical analysis 
A prior power analysis was conducted using 

G*Power 3.1 software to determine the appropriate 
sample size. we calculated an effect size of Cohen′s f 
= 0.25 for ANOVA. With α = 0.05 and desired power 
= 0.80. Based on this analysis, a minimum of 10 
animals per group was found to be sufficient to detect 
statistically significant differences with adequate 
power. The recorded data were analyzed via the social 
sciences software package IBM (version 23). An 
analysis of variance (ANOVA) was performed, and 
the group comparisons were performed via the LSD 
post hoc test. Significant results were recorded at the 
5% level. The percentage of the TRE group values 
changed from the corresponding control (TRE %) = 
((TRE-control)/control) ×100. The percentage of 
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TRE+ASH values changes from the TRE 
corresponding group values (TRE+ASH%) = 
(((TRE+ASH)-TRE)/TRE) ×100. 
 
Results 
 

Effects of treatments on serum liver and kidney function 
biochemical parameters: 

The data in Table 1 revealed no significant 
differences in the ALT, AST, urea and creatinine 
values with respect to ASH treatment compared with 
the control values. The TRE treatment (group A) and 
TRE withdrawal (group B) groups showed 
significantly increased liver and kidney function 
parameters, ALT, AST, creatinine, and urea values as 
compared with the control and ASH corresponding 
values. ASH supplementation compared to single 
tramadol treatments showed in TRE+ASH (group A 
and B) improved liver function enzymes by 

decreasing significantly (P ≤0.05) their elevated 
values in TRE (group A and B) with the exception of 
the non-significant increased AST in withdrawal 
(group B). The TRE+ASH (group A and B) groups 
showed a significant decrease in the elevated TRE  
(A and B) levels of urea and creatinine. Meanwhile, 
TRE+ASH withdrawal group (B) exhibited a 
significant increase (P ≤0.05) in ALT, AST and urea 
values as compared to those values in TRE+ASH 
group (A). While a non-significant change was shown 
in Cr in TRE+ASH group (A & B) in comparison 
with the corresponding control value. Moreover, the 
Cr in TRE+ASH group (A) was changed with not 
statistically difference (P 0.05) when compared with 
ASH group. 
 

Effect of treatments on brain cortex oxidative stress markers: 
The results presented in Table 2 revealed no 

significant differences (P 0.05) in the GPx, GST, 

Table 1 — Serum liver and kidney functions in treatment (A) and withdrawal (B) groups 

Item Group Control ASH TRE TRE+ASH TRE% TRE+ASH% 

ALT 
U/L 

A 81.03±1.16 76.02±0.96 147.13±6.02ab 98.27±2.52abc 81.57 -33.21 
B 85.44±3.11 83.44±1.59 122.00±2.83ab* 130.14±6.21abc* 42.79 6.67 

AST 
U/L 

A 212.16±4.95 182.92±5.70 355.73±22.35ab 279.93±10.63abc 67.67 -21.31 
B 202.76±13.42 178.31±7.68 260.58±13.24ab* 301.15±9.44b* 28.52 15.57 

Urea 
mg/dL 

A 8.97±0.55 7.62±0.39 19.87±0.49ab 15.01±0.82abc 121.52 -24.46 
B 8.70±0.45 8.30±0.91 32.02±1.26ab* 22.12±0.91abc* 268.05 -30.92 

Cr 
mg/dL 

A 102.78±5.51 103.70±5.86 147.22±7.42ab 120.37±8.92c 43.24 -18.24 
B 109.26±8.32 97.22±4.70 169.44±9.16ab* 126.85±9.67bc 55.08 -25.14 

Values are means ± SE (n=6), ASH, (Ashwagandha), TRE, (tramadol). [asignificant from control, bsignificant from ASH, and csignificant 
from TRE, within the same row. *Significant from the treated corresponding group (A) P ≤0.05. TRE %, is the percentage of TRE group
values change from their corresponding control. TRE+ASH%, is the percentage of TRE+ASH values change from the TRE
corresponding group values] 
 

Table 2 — Cortex oxidative stress markers in treatment (A) and withdrawal (B) groups 

Item Group Control ASH TRE TRE+ASH TRE% TRE+ASH% 

GPX 
mg/min/g 

A 64.67±2.52 68.57±1.57 25.69±1.30ab 47.23±1.28abc -60.28 83.85 
B 63.56±3.52 68.06±1.52 22.27±0.67ab 42.91±1.25abc -64.96 92.68 

GST 
mM/min/g 

A 21.92±0.80 22.70±0.43 16.09±0.83ab 24.23±1.67c -26.60 50.59 
B 21.80±0.70 23.93±1.56 17.17±0.76ab 19.22±1.34b* -21.24 11.94 

GSH 
mg/g 

A 4.10±0.21 4.37±0.13 3.15±0.14ab 3.52±0.28ab -23.17 11.75 
B 4.20±0.15 4.32±0.11 2.90±0.62ab 3.60±0.14abc -30.95 24.14 

CAT 
µM/min/g 

A 30.06±1.50 29.97±1.19 17.14±1.16ab 25.40±1.01abc -42.98 48.19 
B 30.88±1.53 29.40±1.22 21.91±0.73ab* 24.54±0.81ab -29.05 12.00 

NO A 25.56±1.25 24.83±0.94 63.74±1.09ab 48.66±1.51abc 149.37 -23.66 
µM/g B 25.11±1.45 26.20±1.08 74.80±1.19ab* 37.59±1.90abc* 197.89 -49.75 
MDA A 35.68±0.84 32.77±1.36 68.11±2.41ab 50.60±2.90 abc 90.89 -25.71 
µM/g B 35.12±1.04 33.68±1.27 48.43±1.76ab* 34.15±13.0c* 37.90 -29.49 
TAC A 77.77±2.70 80.67±1.83 38.30±1.73ab 50.39±2.86abc -50.75 31.57 
µM/g B 77.38±3.56 74.71±0.91 17.13±0.90ab* 30.95±3.1abc* -77.86 80.68 

Values are means ± SE (n=6), ASH, (Ashwagandha), TRE, (tramadol). [asignificant from control, bsignificant from ASH, and csignificant 
from TRE, within the same row. *Significant from the treated corresponding group (A) P ≤0.05. TRE %, is the percentage of TRE group
values change from their corresponding control. TRE+ASH%, is the percentage of TRE+ASH values change from the TRE
corresponding group values] 
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and CAT activities or the GSH, NO, MDA and TAC 
values between the cortex tissues of the ASH-treated 
groups and those of the control group. The TRE-
treated group (A) and TRE withdrawal group (B) 
presented significant reduction (P ≤0.05) in cortex 
GPx, GST, GSH, CAT, and TAC and significant 
increase (P ≤0.05) in the NO and MDA contents as 
compared with the control group corresponding 
values. With respect to the ASH treated groups, 
TRE+ASH group (A) and (B), the results revealed a 
significant increase in GPx, GST, CAT and TAC and 
a significant decrease (P ≤0.05) in NO and MDA in 
the cortex, relative to the TRE group (A) and (B) 
values. That’s with the exception of not statistically 
difference increase (P 0.05) in the GSH contents in 
TRE+ASH group (A) as compared to that in TRE 
group (A) value, also the GST and CAT values in 
TRE+ASH group (B) as compared to that in TRE 
group (B). The results of the TRE+ASH group (B) 
data revealed a significant decrease (P ≤0.05) in GST, 
NO, MDA and TAC as compared with those of the 
TRE+ASH group (B). 
 

Effect of treatments on brainstem oxidative stress markers: 
The results in Table 3 concerning brainstem tissue, 

with respect to ASH treatments, revealed no 
significant differences (P 0.05) in the GPx, GST, or 
CAT activities or the GSH, NO, MDA and TAC 
contents compared with those of the corresponding 
controls. The results of the TRE-treated and 
withdrawal groups (A and B) revealed a significant 
reduction (P ≤0.05) in brainstem GPx, GST, GSH, 

CAT, and TAC and a significant increase (P ≤0.05) in 
NO and MDA from the control and ASH 
corresponding values. While results of ASH treated 
groups, TRE+ASH group (A) and (B), revealed 
significant increases (P ≤0.05) in brainstem GPx, 
GST, CAT and TAC and significant decreases in  
NO and MDA as compared to TRE-treated and 
withdrawal groups corresponding values.  
 

Effect of treatments on proinflammatory cytokines  
The data from Fig. 1 revealed that the positive 

expression of TNF-α in the cortex was significantly 
greater in the TRE groups than in the control and 
ASH groups (P≤0.05). Moreover, the TRE+ASH 
groups presented a significant decrease in the  
positive expression of TNF-α compared with the 
corresponding TRE groups. The TRE+ASH 
withdrawal group (B) presented a significant increase 
in TNF-α expression compared with that in the 
TRE+ASH group (A). 

The data from Fig. 2 revealed that the positive 
expression of IL-1β in the cortex was significantly 
elevated in the TRE groups compared with the control 
and ASH groups (P≤0.05). However, in the 
TRE+ASH groups, the positive expression of IL-1β 
was significantly alleviated compared with that in the 
corresponding TRE groups. 
 
Discussion 

Tramadol is a synthetic opioid analgesic, and its 
misuse is linked to the ongoing public health issue of 
overdose-related disorders worldwide. The mode of  

Table 3 — Brainstem oxidative stress markers in treatment (A) and withdrawal (B) groups 

Item Group Control ASH TRE TRE+ASH TRE% TRE+ASH% 

GPX 
mg/min/g 

A 64.63±1.75 66.88±2.57 45.16±2.20ab 58.19±2.70abc -30.13 28.85 
B 64.43±1.84 65.88±1.33 54.55±2.35ab* 60.41±1.73abc -15.33 10.74 

GST 
mM/min/g 

A 8.15±0.46 8.94±0.39 6.57±0.34ab 8.39±0.42c -19.39 27.70 
B 8.06±0.24 8.94±0.28 6.24±0.35ab 7.95±0.31c -22.58 27.40 

GSH 
mg/g 

A 12.51±0.68 13.69±0.52 8.93±0.30ab 9.46±0.16ab -28.62 5.94 
B 12.60±0.48 13.61±0.68 10.24±0.42ab 12.60±0.67c -18.73 23.05 

CAT 
µM/min/g 

A 36.73±1.75 37.16±2.86 20.23±0.90ab 35.88±0.89c -44.92 77.36 
B 36.47±1.17 37.21±2.34 20.52±2.01ab 33.85±5.42c -43.73 64.96 

NO A 14.17±1.84 14.99±3.24 60.13±2.13ab 21.19±0.70abc 324.35 -64.76 
µM/g B 14.51±0.31 14.86±0.71 43.02±1.76ab* 19.45±0.75ac 196.49 -54.79 
MDA A 24.88±1.18 23.44±1.33 45.06±3.17ab 26.05±1.15c 81.11 -42.19 
µM/g B 24.59±1.40 23.23±0.60 41.29±2.19ab 27.97±0.81c 67.91 -32.26 
TAC A 14.13±0.77 14.92±0.82 7.73±0.39ab 11.45±0.58c -45.29 48.12 
µM/g B 14.37±0.91 14.81±0.74 6.83±0.29ab 15.08±0.74c* -52.47 120.79 

Values are means ± SE (n=6), ASH, (Ashwagandha), TRE, (tramadol). [asignificant from control, bsignificant from ASH, and csignificant 
from TRE, within the same row. *Significant from the treated corresponding group (A) P ≤0.05. TRE %, is the percentage of TRE group
values change from their corresponding control. TRE+ASH%, is the percentage of TRE+ASH values change from the TRE
corresponding group values] 
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Fig. 1 — Photomicrograph of the immunohistochemistry stain of cortex tissue TNF-α contents in control group (A&E); Ashwagandha 
(ASH) groups (B&F); TRE, A group (C); TRE+ASH, A group (D); TRE, B group (G) and TRE+ ASH, B group (H). Histogram 
representing the density of brown colour of cortex TNF-α contents of different groups (I). [Values are means ± SE (n=6), Superscript, 
asignificant from control, bsignificant from ASH, csignificant from TRE and *significant from the treated corresponding group (A) at  
P ≤0.05. (×=400)] 
 

 
 

Fig. 2 — Photomicrograph of the immunohistochemistry stain of cortex tissue IL-1β contents in control group (A&E); Ashwagandha 
(ASH) groups (B&F); TRE, A group (C); TRE+ASH, A group (D); TRE, B group (G) and TRE+ ASH, B group (H). Histogram 
representing the density of brown colour of cortex IL-1β contents of different groups (I). [Values are means ± SE (n=6), Superscript, 
asignificant from control, bsignificant from ASH, csignificant from TRE and *significant from the treated corresponding group (A) at  
P ≤0.05. (×=400)] 
 
the analgesic effect of opioids involves their binding 
to opioid receptors in the brainstem, spinal cord, and 
gastrointestinal tract, leading to hyperpolarization of 
neurons and inhibition of neurotransmitter release, 
resulting in an analgesic effect. This effect is lost by 
prolonged usage, and the individual becomes tolerant 
to the opioid because the response to its action 
changes, and a higher dose is needed to restore the 
same potency11. Tramadol dependence, abuse by 
accumulated therapeutics conducted in rats or by a 
gradual increase in tramadol dose from the initial 
therapeutic-related dose, which is in line with the 

present study, is targeted for investigations as well as 
tramadol withdrawal. This finding is consistent with 
the results of various objective studies on the adverse 
effects of tramadol on different targeted organs in 
humans and experimental animals, which have been 
conducted for many years. Data from humans have 
revealed the risk of tramadol dependence due to 
tramadol abuse resulting from either long-term 
treatment or high-dose consumption, even for persons 
with no history of drug abuse12,13. 

The liver and kidneys are known to be the major 
organs involved in the metabolism and excretion of 
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TRE and are more strongly affected by the toxicity of 
TRE14. In the present study, the serum AST and ALT 
enzyme activities significantly increased after TRE 
consumption in both treatment and withdrawal groups 
compared with those in the control and ASH groups. 
Tramadol consumption in rodents has been previously 
reported by several studies to be responsible for 
elevated liver enzymes due to leakage from 
hepatocytes into the blood, resulting from enhanced 
hepatic cell lipid peroxidation associated with 
histopathological alterations14,15. 

In present study, the loss of kidney function in 
TRE-treated rats was implied by a significant increase 
in the serum urea and creatinine levels compared with 
those in the control groups. This elevation may be due 
to a reduced glomerular filtration rate or an increase 
in reactive oxygen species (ROS)14. Different studies 
have verified the adverse toxic effects of either 
therapeutic or additive doses of tramadol, which lead 
to its accumulation, which is reflected in 
hepatotoxicity (elevated blood AST and ALP) and 
nephrotoxicity (elevated blood urea and Cr) and 
elevated oxidative stress (hepatic and renal reduced 
SOD and CAT activities and GSH levels and elevated 
MDA levels)14. This finding is supported by a recent 
study suggesting that oxidative stress status of liver 
and kidney tissues is associated with TRE treatment 
in rats. The study reported significantly elevated 
MDA and NO contents, as well as significantly 
reduced SOD and CAT enzyme activities in liver and 
kidney tissues, thereby augmenting the link between 
TRE and oxidative stress with hepatotoxicity and 
nephrotoxicity16. On the other hand, a previous study 
suggested that mitochondrial dysfunction and 
oxidative stress are involved in the pathogenesis of 
TRE-induced renal damage17. This finding is in line 
with a recent study that revealed the protective 
therapeutic benefits of agents that acquired 
antioxidant and mitochondria-targeting activities 
against TRE nephrotoxicity18. 

Hence, the results of the present study in the ASH-
treated groups could be explained by the therapeutic 
benefits of ASH due to its antioxidant activity 
according to its high levels of flavonoids, phenolic 
compounds and withanolide as active ingredients as 
well as its recorded activity in improving 
mitochondrial function in humans and animals19. 
Additionally, the present study confirmed ASH safety 
by not disturbing the liver and kidney determined 
markers when ASH was administered alone. 
Moreover, supplementation with TRE treatment or 

TRE withdrawal significantly ameliorated the 
increase in the measured parameters, revealing its 
ability to restore the activities of mitochondrial 
enzymes to near normal levels in the livers of rats 
with experimentally induced oxidative damage19. 
Ashwagandha root extract with less than 5% 
withanolide content was previously confirmed to be 
safe by repeated-dose toxicity studies in the range 
from 500 mg/kg to 2000 mg/kg for ninety days of 
administration in rats20. 

In contrast, liver toxicity was previously reported 
for ASH metabolites, withanone, which is a 
withanolide that is responsible for ASH liver toxicity. 
Withanone has the ability to form adducts with DNA, 
causing DNA lesions and leading to mutagenesis, 
apoptosis and cell death. This genotoxicity is related 
to the available contents of cellular GSH, which acts 
as a detoxifying agent for withanone by forming 
adducts with it. Additionally, a previous study 
reported the relationships between liver toxicity and 
the withanone concentration and available GSH21.  

The aforementioned studies concerning ASH safety 
may explain the present study results regarding the 
200 mg/kg dose of ASH with minimum withanolide 
content, as used in the present study (2.5%), 
confirming the normality of the tested parameters 
detected in the ASH consumption group. Moreover, 
ASH treatment significantly improved the TRE-
induced alterations in liver function in the TRE-
treated and withdrawal groups. This occurred with the 
exception of liver function in the withdrawal groups, 
in which ASH after TRE withdrawal failed to 
overcome the elevated AST and ALT activities. These 
findings suggest that the beneficial effect of ASH 
supplementation in combination with TRE medication 
to overcome TRE-related liver and kidney toxicity 
rather than the effect of ASH on TRE withdrawal with 
respect to liver function. This could be explained by 
the liver cell damage resulting from the accumulated 
tramadol metabolites, the elevated lipid peroxidation 
and the reduced antioxidant defences that ASH failed 
to overcome1. The hepatoprotective effect of ASH 
root extract against silver nanoparticle-induced liver 
toxicity in mice was recently studied at a dose of  
80 mg/kg for 14 days, and the results revealed 
improved liver function biomarkers22. Additionally, 
ASH treatment restored kidney function against 
mercuric chloride nephrotoxicity in rat groups that 
received daily doses of 250, 500 or 750 mg/kg for  
30 days23. The aforementioned studies revealed the 
liver and kidney protective effects of ASH by the free 
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radical-scavenging mechanism and ASH detoxifying 
action. That′s in line with the anti-inflammatory 
activities related to its active phytochemical 
constituents that have the ability to inhibit the NF-κB 
and mitogen-activated protein kinase (MAPK) 
signaling pathways, as well as regulate cytokine 
expression22,23. 

With respect to the central nervous system, the 
TRE is known as the targeted site of action location. 
Therefore, one of the most common neurotoxic 
mechanisms following TRE abuse is oxidative stress 
in the brain 2. Previous studies have indicated that 
chronic TRE administration alters neurotransmitter 
levels and induces oxidative stress in the brain14. 
Moreover, the hypothesis of a bidirectional interaction 
between opioids, such as TRE and oxidative stress, 
which are associated with particular brain diseases, is 
increasingly supported by evidence24. In this context, 
TRE chronically administered at a dose of 40 mg/kg 
for 4 weeks significantly increased the MDA content 
concomitant with a decrease in the GSH content  
in the cerebral cortex, which was associated  
with degenerative structural changes and neuronal 
apoptosis that support oxidative stress-dependent TRE 
neurotoxicity25. Additionally, rats treated with  
40 mg/kg (twice a day) for three weeks presented 
elevated levels of the oxidative stress markers MDA 
and nitrites, decreased GSH contents, and decreased 
GST and CAT activities in brain tissue26. In tramadol-
dependent mice, brain oxidative stress develops via 
decreased intracellular GSH levels and GPx activity 
with elevated brain MDA and NO production27. 
Similarly, TRE administration in rats for eight weeks 
at doses of 30 or 60 mg/kg resulted in elevated MDA 
and NO and decreased GSH contents and SOD and 
GPx enzyme activities in cerebral tissue in a dose-
dependent manner, reflecting the induction of cerebral 
oxidative stress due to chronic TRE administration14. 
Another study used tramadol at doses of 42, 84 and 
168 mg/kg/day as increasing doses for 30 days each 
for ten days and subjected adolescent rats to 4 weeks 
of withdrawal. The study demonstrated that the abuse 
of tramadol and withdrawal significantly elevated the 
lipid peroxidation marker MDA and reduced the 
activity of CAT, an antioxidant, supporting the brain 
oxidative stress induced by the abuse of tramadol28. 

With respect to the brainstem, tramadol affects the 
brainstem centers of ventilatory control. Tramadol 
analgesic actions are mediated via brainstem (locus 
coeruleus) monoaminergic pathways by the inhibition 
of norepinephrine and serotonin reuptake. Tramadol-

related respiratory depression is reflected via the 
ventilatory control system by acting at the opioid 
receptors in the respiratory integrating centers within 
the brainstem29. In tramadol-abused rats, tramadol 
was previously shown to induce derangements in the 
mitochondrial electron transport chain. The protein 
complexes in the respiratory chain are affected by 
tramadol. Complexes I, III and IV are inhibited by 
tramadol at high doses, and the inhibition of complex 
III consequently causes the generation of ROS, 
supporting the relationship between mitochondrial 
dysfunction and TRE-induced oxidative stress, 
cerebral dysfunction and neurons apoptosis30. 

Compared with those in the control and ASH 
groups, the expression of TNF-α and IL-1β in the 
cortex of the TRE groups was significantly greater. 
Chronic TRE intake leads to increased oxidative 
stress associated with the neuroinflammatory state. 
Reactive oxygen species are considered intense 
stimuli for the release of proinflammatory cytokines, 
including TNF-α, IL-1β, and IL-6. Moreover, the 
ability of IL-1β to initiate signaling forces subsequent 
extreme ROS. This finding was confirmed in a later 
study in which PC12 cells were exposed to tramadol 
in vitro, and elevated levels of ROS and annexin V 
(an apoptotic marker) were recorded and in the vivo 
study findings revealed that tramadol treatment for 3 
weeks at a dose of 50 mg/kg provoked apoptosis, 
leading to neurodegeneration in the frontal cortex via 
increased gene expression of the proinflammatory 
cytokines TNF-α, IL-1β, and IL-6, augmenting the 
oxidative stress and inflammatory consequences of 
tramadol abuse31. Similarly, tramadol treatment for 3 
weeks at a dose of 50 mg/kg triggered elevated levels 
of the proinflammatory cytokines TNF-α and IL-1β in 
the choroid plexus and significantly decreased GSH 
levels and SOD activity in the cerebrospinal fluid, 
with degeneration of the brush border of choroid 
plexus epithelial cells24. These findings are in line 
with previous studies on the use of tramadol for 
evaluating oxidative stress in the brain with elevated 
levels of inflammatory mediators in the cerebrum14. 
The increase in cerebral expression of TNF-α due to 
free radical-activating nuclear factor kappa B (NF-
κB) indicates elevated production of TNF-α followed 
by tissue damage. NF-κB causes the transcription of 
inflammatory genes and produces a variety of 
inflammatory moderators. Microglial expansion  
in the cerebellar cortex may be related to this 
overproduction of inflammatory mediators32. 
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The present study revealed a significant increase in 
CAT, GST, GPx, GSH, and TAC activities 
accompanied by an alleviation of NO and MDA 
contents in the cortex and brainstem in the 
TRE+ASH-treated and withdrawal groups compared 
with those in the TRE groups. The active constituents 
of ASH extracts, such as flavonoids and polyphenolic 
compounds, quench free radicals and acquire 
antioxidant activity19. Previous results have shown 
that the antioxidant activity may be due to 
withanolides, glycowithanolides and sitoindosides 
VII-X. Therefore, this study indicates that ASH  
could be a natural source of safe antioxidative and 
antistress agents, in line with the recently reviewed33. 
Additionally, withanolide-A and withaferin-A 
contents of ASH acquired antioxidant activities34. 

A study of a neuroinflammation and oxidative 
stress model induced by lipopolysaccharide in male 
rats35 revealed an increase in the levels of the 
proinflammatory cytokines TNF-α, IL-1β, and  
IL-6 and an increase in the levels of macrophage-
microglial markers (Iba-1, ionized calcium- 
binding adaptor molecule 1). Where, Iba-1 is a 
neuroinflammatory marker of microgliosis. The study 
revealed that ASH pretreatment downregulated the 
elevated levels of serum cytokines as well as their 
expression, which was in line with the normalization 
of Iba-1 expression in the rat brain regions pyriform 
cortex, hippocampus and hypothalamus. The study 
also revealed the neuroprotective effect of ASH 
pretreatment in a lipopolysaccharide rat model of 
neurodegeneration caused by oxidative stress and 
apoptosis35. The neuroprotective effect of ASH 
supplementation was proven by its antioxidant 
potential for reducing the elevated MDA and NO 
contents and increasing GSH, SOD and CAT in brain 
areas, as recently discussed, in line with the improved 
antioxidant response genes of the brain cortex in 
ASH-supplemented mice, supporting the beneficial 
potential of ASH in neurodegenerative conditions36. 

The present data revealed a significant decrease in 
the levels of IL-1β and TNF-α in the cortex in the 
TRE+ASH group compared with those in the TRE 
group. In this respect, a previous study suggested that 
ASH root aquatic extract reduces the formation of 
proinflammatory cytokines via prevention of NF-κB 
activity in arthritic model rats37. Another study38 
reported that the serum TNF-α, IL-6, and IL-1β levels 
extensively decreased after ASH treatment in arthritic 
rats. In addition, ASH immunomodulatory activity 
was previously reviewed in humans and animals39. 

Also, ASH suggested previously to exert its effect by 
modulating elements of the proinflammatory cell 
signaling pathway40. A study revealed that ASH affect 
RNA stability, expression, and processing. These data 
suggest a mechanism of action involving the targeting 
of RNA-related routes, such as inflammation, which 
involves adjustments in gene expression. That′s in 
line with ASH Immunomodulatory activity in 
inflammatory complications as previously reviewed 
based on animal and human in vitro and in vivo 
studies40. The immune modulatory effect of ASH 
supplementation in TR groups related to its anti-
anxiety and antidepressant activity recorded for 
animal and clinical studies14. That′s through the 
proposed mechanism neuroinflammation suppression 
primarily by downregulating proinflammatory cytokines 
and signaling pathways (p38 MAPK, NF-κB, and 
JNK), inhibiting reactive gliosis, and mitigating 
microglial and astrocyte activation, contributing to its 
neuroprotective and anxiolytic effects 35. 
 

Conclusion 
Ashwagandha supplementation in the context of 

tramadol misuse showed improvements in liver and 
kidney function, along with diminished antioxidant 
activity and inflammatory response in the brain cortex 
and brainstem. These findings indicate a potential 
supportive role for Ashwagandha in mitigating the 
effects of tramadol abuse; however, further studies are 
needed to confirm its clinical relevance. 

The study was limited to examining the effects of a 
single standardised ASH extract dose in male rats on 
TRE (A & B) treated rats. More studies are needed 
using varying doses, both sexes, different time points, 
and different experimental protocols. Additionally, 
future studies should aim to isolate the active 
constituents of the extract and investigate their 
individual contributions to its overall mechanism of 
action. This would support the development of more 
targeted and effective therapeutic strategies for TRE 
addiction.  
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