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Abstract. Chemotherapy remains a cornerstone of cancer 
treatment; however, its clinical use is frequently limited by 
treatment‑associated toxicities. This has prompted investiga‑
tion into alternative adjuvant substances. Curcuma longa, a 
phytochemical with antioxidant and anti‑inflammatory prop‑
erties, may offer organoprotective effects. The present study 
therefore aimed to evaluate the protective effects of orally 
administered C.  longa against docetaxel‑induced systemic 
toxicity in Wistar rats. Male Wistar rats were assigned to five 
subgroups (n=7‑group) and treated for 7, 14 or 21 days with 
placebo, docetaxel (2.5 mg‑kg, intraperitoneally) or docetaxel 
combined with C. longa (25, 50 or 500 mg‑kg‑day, orally). 
Serum biomarkers of hepatic function (aspartate aminotrans‑
ferase, alanine aminotransferase, bilirubins) and renal function 
(urea, creatinine, electrolytes) were evaluated using summary 
measures, ANOVA and Tukey's post‑hoc tests, in addition 
to the relative weights of the liver, kidneys, heart, lungs and 
small intestine. Results indicated that docetaxel induced 

significant elevations in hepatic and renal biomarkers and 
altered organ weights. C. longa co‑treatment attenuated these 
effects in a dose‑ and time‑dependent manner. The 50 mg‑kg 
dose consistently provided optimal protection. High‑dose 
treatment was found to be associated with marked splenic 
and intestinal hypertrophy. Overall, C. longa demonstrated 
cytoprotective potential against docetaxel‑induced toxicity. 
These findings were biologically consistent with antioxidant 
and anti-inflammatory mechanisms previously associated 
with curcuminoids.

Introduction

Docetaxel is a widely used antineoplastic agent of the taxane 
class, with established efficacy in the treatment of numerous 
solid tumors, including breast, prostate and non‑small cell lung 
cancers (1‑6). Despite its therapeutic relevance, clinical use is 
often limited by dose‑dependent systemic toxicities, particu‑
larly hepatotoxicity and nephrotoxicity, as well as off‑target 
damage involving organs such as the spleen and intestine; 
these adverse effects have been associated with oxidative 
stress, inflammatory activation, mitochondrial dysfunction 
and impaired cellular metabolism (2‑6).

In recent years, increasing attention has been directed 
toward natural compounds with antioxidant and cyto‑
protective properties as potential strategies to mitigate 
chemotherapy‑induced toxicity. Curcuma longa L. (turmeric), 
traditionally used in Ayurvedic and Chinese medicine, 
contains bioactive polyphenols, including curcumin, that 
exhibit anti‑inflammatory, hepatoprotective, nephroprotective 
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and immunomodulatory effects (7‑11). Curcumin modulates 
intracellular signaling pathways involved in oxidative stress 
and inflammation, suppresses pro‑inflammatory cytokines 
including TNF‑α and IL‑6, and attenuates oxidative damage 
in different models of tissue injury (12‑17).

Despite the protective effects of Curcuma longa having been 
reported in models of chemotherapy‑induced toxicity (3,4,8), 
notable mechanistic and translational gaps remain. The 
majority of previous investigations have focused on cisplatin‑ 
or doxorubicin‑induced injury, while the biological effects 
of C.  longa in docetaxel‑induced systemic toxicity remain 
insufficiently characterized (8,15). Thus, limited evidence is 
available regarding its influence on hepatorenal dysfunction, 
electrolyte imbalance and target‑organ remodeling during 
prolonged chemotherapeutic exposure. Furthermore, previous 
studies have rarely explored dose‑dependent responses or the 
temporal progression of tissue injury and recovery (16,18).

With regard to cellular biology, docetaxel toxicity has been 
associated with the excessive production of reactive oxygen 
species, mitochondrial dysfunction, inflammatory signaling 
activation and apoptosis, all of which contribute to hepatocel‑
lular and renal tubular injury. These interconnected pathways 
have also been implicated in altering tissue homeostasis, 
vascular permeability and organ remodeling during systemic 
toxic stress (6,8,15,16). Understanding whether C. longa can 
modulate these biological mechanisms may contribute to 
the development of adjunctive strategies aimed at reducing 
chemotherapy‑associated toxicity and preserving organ 
function. Therefore, the present study differed from previous 
investigations by simultaneously evaluating biochemical, 
functional and morphophysiological outcomes across a 
number of experimental timepoints and Curcuma longa doses, 
in a docetaxel‑induced toxicity model. By integrating these 
parameters, the present study provided a broader interpreta‑
tion of systemic toxicity progression and tissue adaptation 
during chemotherapeutic stress.

The aim was to evaluate the potential protective effects of 
orally administered C. longa extract against docetaxel‑induced 
systemic toxicity in Wistar rats. Thus, the presen investiga‑
tion focused on biochemical markers of hepatorenal function, 
electrolyte homeostasis, and morphophysiological alterations 
in target organs, including the liver, kidneys, spleen and small 
intestine. Particular attention was given to cellular and meta‑
bolic processes associated with oxidative stress, inflammatory 
activation and tissue remodeling during chemotherapeutic 
injury. It was hypothesized that oral administration of C. longa 
would attenuate docetaxel‑induced systemic toxicity in a 
dose‑ and time‑dependent manner by reducing hepatorenal 
dysfunction and preserving organ integrity. Intermediate and 
high doses of C. longa were also expected to provide greater 
cytoprotective effects compared with low‑dose treatment.

Materials and methods

A total of 105 male Wistar rats (n=7 per subgroup; 8 weeks 
of age), obtained from the Piá dos Ratos Animal Facility 
(Colombo, Brazil), were involved in the present controlled 
experimental study. The methodological workflow employed is 
summarized in Fig. 1. Prior to the interventions, animals were 
randomly assigned to experimental groups to ensure an unbiased 

distribution across treatment conditions and experimental 
periods. The animals were then allocated into three primary 
groups according to treatment duration: Group A (7 days), 
Group B (14 days) and Group C (21 days). Each primary group 
was further subdivided into five treatment arms.

Subgroups G1A‑G5A in Group A (7‑day treatment) received 
treatments as follows: i) G1A: Oral placebo (water), daily for 
7 days (control group); ii) G2A: Single intraperitoneal dose of 
docetaxel on day 1; iii) G3A: Single intraperitoneal dose of 
docetaxel on day 1 + Curcuma longa orally at 25 mg‑kg‑day; 
iv) G4A: Single intraperitoneal dose of docetaxel on day 1 + 
Curcuma longa orally at 50 mg‑kg‑day and; v) G5A: Single 
intraperitoneal dose of docetaxel on day 1 + Curcuma longa 
orally at 500 mg‑kg‑day.

Subgroups G1B‑G5B in Group B (14‑day treatment) 
received treatments as follows: i)  G1B: Oral placebo 
(water), daily for 14 days (control group); ii) G2B: Single 
intraperitoneal dose of docetaxel on day 1; iii) G3B: Single 
intraperitoneal dose of docetaxel on day 1 + Curcuma longa 
orally at 25 mg‑kg‑day; iv) G4B: Single intraperitoneal dose of 
docetaxel on day 1 + Curcuma longa orally at 50 mg‑kg‑day 
and; v)  G5B: Single intraperitoneal dose of docetaxel on 
day 1 + Curcuma longa orally at 500 mg‑kg‑day.

Lastly, subgroups G1C‑G5C in Group C (21‑day treat‑
ment) received treatments as follows: i) G1C: Oral placebo 
(water), daily for 21 days (control group); ii) G2C: Single 
intraperitoneal dose of docetaxel on day 1; iii) G3C: Single 
intraperitoneal dose of docetaxel on day 1 + Curcuma longa 
orally at 25 mg‑kg‑day; iv) G4C: Single intraperitoneal dose of 
docetaxel on day 1 + Curcuma longa orally at 50 mg‑kg‑day 
and; v)  G5C: Single intraperitoneal dose of docetaxel on 
day 1 + Curcuma longa orally at 500 mg‑kg‑day.

In the docetaxel + Curcuma longa groups, Curcuma longa 
administration began on the same day as docetaxel expo‑
sure and continued once daily until the end of the assigned 
experimental period. Docetaxel was administered as a single 
intraperitoneal dose on day  1, whereas Curcuma  longa 
was administered daily by oral gavage for 7, 14 or 21 days 
according to group allocation. To ensure comparable handling 
across groups, animals in the control and docetaxel‑only 
groups received an equivalent volume of water by oral gavage 
throughout the corresponding experimental period.

The number of animals per subgroup (n=7) was defined 
based on previous experimental studies using similar 
designs, indicating that this sample size was sufficient to 
detect biologically relevant differences in biochemical and 
morphophysiological parameters while complying with 
ethical principles for animal experimentation (4,14,19‑23). 
The present study followed the principles of the 3Rs, 
namely replacement, reduction and refinement, ensuring 
the minimum number of animals necessary to obtain 
statistically reliable results. To minimize observational bias, 
researchers responsible for biochemical analyses and organ 
weight measurements were blinded to treatment allocation 
during sample processing and data analysis. Animals were 
identified exclusively by coded labels throughout the present 
study, which were only decoded after completion of the 
statistical analyses.

The dose of docetaxel was extrapolated for rats using 
allometric scaling from a human reference (70 kg). Calculations 
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were based on specific metabolic rate (SMR) values: SMRref 

(human): 70x70‑0.25=24 and SMRrat (300 g): 70x0.3‑0.25=95.
To reach the target dose in rats, the human equivalent dose was 

adjusted to 0.63 mg‑kg. Thus, the rat dose=0.63‑24x95=2.5 mg‑kg. 
Therefore, a final intraperitoneal dose of 2.5 mg‑kg docetaxel was 
established, in a volume up to 1 ml‑kg. The administered dose 
was adjusted individually according to the body weight of each 
animal on the day of docetaxel injection. For example, for a 250 g 
rat, the following calculation would be applied: 2.5 mg‑1000 g, X 
mg‑250 g, thus X=0.625 mg.

The Curcuma  longa extract (95% curcuminoids) was  
obtained from Farmácia Farmavida (Umuarama, Brazil) and 
administered by gavage at doses of 25, 50 or 500 mg‑kg‑day, 
diluted in 1 ml‑kg of water. The selected doses were based 
on previous experimental studies demonstrating antioxidant, 
anti‑inflammatory, hepatoprotective and nephroprotective effects 
of curcuminoids across low‑, intermediate‑ and high‑dose ranges 
in rodent models of drug‑induced toxicity (4,13,14,17,19,21). 
The inclusion of numerous doses aimed to investigate potential 
dose‑response associations and identify a therapeutic window 
capable of balancing cytoprotective efficacy with biological 
safety during prolonged exposure.

Animals were housed in polypropylene cages under 
controlled environmental conditions (22±2˚C; 12‑h light‑dark 
cycle) with free access to standard chow and water throughout 
the experimental period. Following treatment administration, 
animals were monitored continuously for the first 1 h, then 
hourly during the subsequent 6 h and thereafter once daily 
for 7, 14 or 21 days according to the respective experimental 
group, with attention to behavioral and clinical alterations. 
Animals were monitored daily for clinical signs of distress. 
Humane endpoints included severe lethargy, inability to access 
food or water, persistent recumbency, marked respiratory 
distress, self‑mutilation, severe behavioral abnormalities or 
body weight loss >20% of baseline body weight. Any animal 

reaching these criteria would have been immediately eutha‑
nized to prevent unnecessary suffering. No animals met these 
predefined humane endpoint criteria during the present study.

At the end of each experimental period, animals underwent 
a 12‑h fasting period with free access to water, were anesthe‑
tized with isoflurane 5% for induction of anesthesia prior to 
terminal blood collection from retro‑orbital venous plexus and 
subsequent euthanasia by decapitation in accordance with the 
2015 Brazilian National Council for the Control of Animal 
Experimentation (CONCEA) euthanasia guidelines (18).

Each biochemical parameter was measured once per animal 
and individual animal values were used for statistical analysis. 
A total of ~1 ml blood was collected from the retro‑orbital 
venous plexus immediately after induction of anesthesia and 
prior to euthanasia. Following euthanasia, an additional 3‑5 ml 
blood was collected for biochemical analyses. All samples 
were obtained at the end of the respective experimental period 
(7, 14 or 21 days).

The respective blood samples were collected for the 
assessment of hepatic function markers, including aspartate 
aminotransferase (AST), alanine aminotransferase (ALT) and 
total bilirubin, as well as renal function parameters, including 
urea, creatinine, sodium and potassium levels. Subsequently, 
the liver, kidneys, small intestine and heart were surgically 
excised, carefully cleaned of adherent tissues and weighed. 
Relative organ weight was calculated as the ratio between organ 
weight and final body weight and expressed as a percentage 
using the formula: Relative weight (%)=(organ weight‑final 
body weight) x100. Carcasses were stored at ‑20˚C in labeled 
plastic bags until collection by a certified biological waste 
disposal company. Biological samples were homogenized and 
maintained at 4˚C until laboratory analysis.

All experimental procedures were approved by the 
Institutional Animal Care and Use Committee of Universidade 
Paranaense (Umuarama, Brazil; approval no. 40130) in 2023 

Figure 1. Methodological steps. i.p., intraperitoneal; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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and conducted in accordance with the ethical and technical 
guidelines established by the 2015 Brazilian CONCEA (18).

Statistical analyses were performed according to the 
experimental design, which consisted of independent treat‑
ment groups evaluated at predefined time points. Continuous 
variables are expressed as the mean ± SD. Comparisons among 
groups were conducted using one‑way ANOVA tests, followed 
by Tukey's post‑hoc tests when statistically significant differ‑
ences were identified. For within‑period comparisons, one‑way 
ANOVAs followed by Tukey's post‑hoc tests were also used.

Given that animals evaluated at 7, 14 and 21 days represented 
independent subgroups rather than repeated measurements, 
time‑dependent effects were interpreted through comparisons 
across independent experimental periods. Pearson's correla‑
tion coefficient was used to investigate associations between 
relative organ weights and biochemical markers as both 
variables were continuous and biologically associated with 
organ function. P<0.05 was considered to indicate a statisti‑
cally significant difference. All analyses were performed using 
GraphPad Prism (version 10.4.2; Dotmatics) and R software 
(version 4.5.0; Posit Software, PBC).

Results

General analysis
Biochemical parameters. In the ANOVA conducted at a 
5% significance level, significant differences among groups 
were observed for total bilirubin (P=0.0247), direct bili‑
rubin (P=0.0303), indirect bilirubin (P=0.0019), creatinine 

(P<0.001), sodium (P<0.001), AST (P=0.0486) and urea 
(P<0.001), whereas potassium and ALT did not show signifi‑
cant variation (P=0.7943 and P=0.1342, respectively; Table I). 
Tukey's post‑hoc test demonstrated that total bilirubin levels 
were higher in the 14‑day group (x̄ 14=0.15; σ ̄14=0.03) compared 
with the 7‑day group (x̄ 7=0.13; σ ̄7=0.02) while the 21‑day 
group exhibited intermediate values (x̄ 21=0.14; σ ̄21=0.03). 
Similarly, indirect bilirubin levels were significantly higher in 
the 14‑day (x̄ 14=0.12; σ ̄14=0.04) and 21‑day groups (x̄ 21=0.11; 
σ ̄21=0.04) compared with the 7‑day group (x̄ 7=0.09; σ ̄7=0.02). 
By contrast, direct bilirubin levels were lower in the 14‑day 
group (x̄ 14=0.03; σ ̄14=0.02) compared with the 7‑day group 
(x̄ 7=0.04; σ ̄7=0.01), whereas the 21‑day group did not differ 
significantly from the others (x̄ 21=0.04; σ ̄21=0.01).

Creatinine levels showed a marked elevation at 14 days 
(x̄ 14=0.41; σ ̄14=0.17) relative to the 7‑day (x̄ 7=0.18; σ ̄7=0.04) 
and 21‑day groups (x̄ 21=0.23; σ ̄21=0.05), suggesting a transient 
phase of renal dysfunction during the intermediate stage of 
exposure. Sodium concentrations were also higher in the 
14‑day (x̄ 14=137.26; σ ̄14=2.27) and 21‑day groups (x̄ 21=136.69; 
σ ̄21=2.4) compared with the 7‑day group (x̄ 7=133.71; 
σ ̄7=5.15). For AST, higher values were observed in the 14‑day 
group (x̄ 14=142.62; σ ̄14=35.42) relative to the 21‑day group 
(x̄ 21=125.15; σ ̄21=18.89), indicating greater hepatocellular 
stress during the intermediate phase of treatment. Finally, 
urea levels were significantly elevated in the 14‑day group 
(x̄ 14=59.31; σ ̄14=26.29) whereas the 7‑day (x̄ 7=39.52; σ ̄7=4.18) 
and 21‑day groups (x̄ 21=44.34; σ ̄21=5.86) did not differ 
significantly from each other (Table I).

Table I. Overall comparison of biochemical and organ body weight parameters according to experimental duration using ANOVA 
and Tukey's post‑hoc tests.

		  Group A	 Group B	 Group C
Parameter	 Variable	 (7 days)	 (14 days)	 (21 days)	 P‑value

Biochemical	 Direct bilirubin	 0.04±0.01a	 0.03±0.02b	 0.04±0.01a,b	 0.0303d

	 Indirect bilirubin	 0.09±0.02b	 0.12±0.04a	 0.11±0.04a	 0.0019d

	 Total bilirubin	 0.13±0.02b	 0.15±0.03a	 0.14±0.03a,b	 0.0247d

	 Creatinine	 0.18±0.04b	 0.41±0.17a	 0.23±0.05b	 <0.001d

	 Potassium	 5.13±0.59a	 5.05±0.45a	 5.07±0.48a	 0.7943
	 Sodium	 133.71±5.15b	 137.26±2.27a	 136.69±2.4a	 <0.001d

	 AST	 133.45±31a,b	 142.62±35.42a	 125.15±18.89b	 0.0486d

	 ALT	 67.89±13.68a	 72.93±15.23a	 67.16±9.33a	 0.1342
	 Urea	 39.52±4.18b	 59.31±26.29a	 44.34±5.86b	 <0.001d

Organ body	 Heart	 1.05±0.12a	 1.03±0.14a	 1.09±0.23a	 0.3177
weight	 Liver	 11.91±1.49b	 11.65±2.58b	 13.38±2.11a	 0.0016d

	 Intestine	 1.7±0.55a	 1.19±1.73a	 1.27±1.67a	 0.2771
	 Body weight	 348.91±40.84a	 325.43±46.63a	 349.83±50.07a	 0.0465d

	 Lung	 2.14±0.59a	 2.05±0.3a	 2.44±1.08a	 0.072
	 Right kidney	 1.02±0.12b	 1.22±0.24a	 1.16±0.17a	 <0.001d

	 Left kidney	 0.99±0.12b	 1.21±0.25a	 1.14±0.17a	 <0.001d

Values are presented as the mean ± SD. Data were analyzed using one-way ANOVA followed by Tukey's post hoc multiple‑comparison test. 
a, b and ab represent means within the same row sharing identical superscript letters that are not significantly different, whereas means with 
different superscript letters differ significantly (P<0.05). A, B and C represent the experimental time points.dStatistically significant differences 
at P<0.05. AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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Organ body weight parameters. ANOVA tests conducted at a 
5% significance level demonstrated significant variation among 
groups for body weight (P=0.0465), liver weight (P=0.0016), 
right kidney weight (P<0.001) and left kidney weight (P<0.001), 
whereas heart, lung and intestinal weights remained statistically 
unchanged (P=0.3177; P=0.072; and P=0.2771, respectively). 
Post‑hoc comparisons indicated that liver weight was greater in 
the 21‑day group (x̄ 21=13.38; σ ̄21=2.11) compared with the 7‑day 
(x̄ 7=11.91; σ ̄7=1.49) and 14‑day groups (x̄ 14=11.65; σ ̄14=2.58). 
For both kidneys, animals evaluated at 14 and 21 days showed 
increased mean values (right x̄ 14=1.22; σ ̄14=0.24 and left 
x̄ 14=1.21; σ ̄14=0.25; right x̄ 21=1.16; σ ̄21=0.17 and left x̄ 21=1.14; 
σ ̄21=0.17) relative to those observed at 7 days (right x̄ 7=1.02; 
σ ̄7=0.12 and left x̄ 7=0.99; σ ̄7=0.12). In relation to body weight, 
animals from the 14‑day group exhibited a tendency toward 
lower mean values (x̄ 14=325.43; σ 1̄4=46.63); however, no statisti‑
cally significant distinction was identified compared with the 
7‑day (x̄ 7=348.91; σ ̄7=40.84) and 21‑day groups (x̄ 21=349.83; 
σ ̄21=50.07; Table I).

Analysis by period
Biochemical parameters. No statistically significant differ‑
ences were identified among groups at 7 or 14  days. By 
contrast, at 21 days, significant variation was observed for 
potassium (P=0.0201) and urea levels (P=0.0078). Pairwise 
comparisons demonstrated that the CGC group exhibited 
higher potassium concentrations (x̄ CGC=5.57; σ ̄CGC=0.55) 
compared with the CG500 group (x̄ CG500=4.80; σ ̄CG500=0.23) 
whereas the remaining groups exhibited comparable values.

For urea, the CGQ group exhibited higher mean concen‑
trations (x̄ CGQ=49.99; σ ̄CGQ=8.21) relative to the CG50 
(x̄ CG50=40.66; σ ̄CG50=4.42) and CG500 groups (x̄ CG500=40.72; 
σ ̄CG500=1.81). Meanwhile, the CG25 and CGC groups 
remained at intermediate levels (x̄ CG25=43.75; σ ̄CG25=3.55 and 
x̄ CGC=46.05; σ ̄CGC=4.43, respectively). These findings suggest 
that prolonged exposure across 21 days was associated with 
distinct metabolic responses involving potassium regulation 
and nitrogen metabolism (Table II).

Organ body weight parameters. No significant differ‑
ences were observed among groups at 7 or 14 days. However, 
after 21 days, significant variation emerged for body weight 
(P=0.0078), liver weight (P=0.0126), right kidney weight 
(P=0.0256) and left kidney weight (P=0.0425). Post‑hoc anal‑
ysis demonstrated that animals in the CG500 group showed 
lower body weight values (x̄ CG500=309.86; σ ̄CG500=35.19) 
compared with the CG25 group (x̄ CG25=392.29; σ ̄CG25=42.28). 
In relation to liver weight, the CG25 group presented higher 
mean values (x̄ CG25=15.15; σ ̄CG25=1.98) compared with both 
the CG500 (x̄ CG500=12.05; σ ̄CG500=1.25) and CGC groups 
(x̄ CGC=11.99; σ ̄CGC=1.69). A similar pattern was observed for 
renal weight, with lower mean values identified in the CG500 
group (right x̄ CG500=1.01; σ ̄CG500=0.06 and left x̄ CG500=1.00; 
σ ̄CG500=0.06) and higher values in the CG25 group (right 
x̄ CG25=1.26; σ ̄CG25=0.09 and left x̄ CG25=1.23; σ ̄CG25=0.12). 
Thus, prolonged exposure was associated with differential 
morphophysiological responses according to Curcuma longa 
dose and duration of treatment (Table II).

Correlation between organ body weight and biochemical 
parameters. In the 7‑day group, no statistically significant 

correlations were identified between mean kidney weight (right 
and left) and sodium (P=0.700), potassium (P=0.660) or urea 
levels (P=0.910). Similarly, no significant associations were 
observed between liver weight and total bilirubin (P=0.390), 
direct bilirubin (P=0.160), indirect bilirubin (P=0.180), AST 
(P=0.190) or ALT (P=0.290; Table III).

By contrast, the 14‑day group demonstrated significant 
positive correlations between mean kidney weight and urea 
levels (r=0.80; P<0.010), suggesting that increased renal 
mass occurred alongside worsening nitrogen retention during 
the intermediate phase of toxicity. Significant associations 
were also observed between liver weight and total bilirubin 
(r=0.47; P<0.010), as well as between liver weight and indirect 
bilirubin (r=0.36; P=0.030), indicating an association between 
hepatic enlargement and altered bilirubin metabolism. No 
significant correlations were identified between kidney weight 
and sodium or potassium levels, nor between liver weight and 
direct bilirubin, AST or ALT (P≥0.05; Table III).

In the 21‑day group, no significant correlations were 
detected at the 5% level. Despite this, certain variables showed 
a tendency toward association, including mean kidney weight 
with potassium levels (r=0.29; P=0.100) and liver weight with 
ALT (r=0.30; P=0.080), although these associations did not 
reach statistical significance (Table III).

Discussion

Docetaxel is a widely used chemotherapeutic agent with 
established antineoplastic activity against a number of solid 
tumors. However, its clinical utility is frequently limited by 
dose‑dependent systemic toxicities, particularly hepatotox‑
icity and nephrotoxicity, which may compromise treatment 
adherence and overall patient outcomes. In the present study, 
docetaxel administration induced significant biochemical and 
morphophysiological alterations involving hepatic and renal 
function, consistent with previous experimental and clinical 
observations (16,18,19).

Co‑treatment with Curcuma longa, specifically at interme‑
diate and high doses, attenuated alterations in AST, bilirubin 
fractions, creatinine and urea levels. Despite ALT levels not 
differing significantly, a non‑significant tendency toward 
normalization was observed, which may have still indicated 
a partial protective response against chemotherapy‑associated 
organ dysfunction. The absence of statistical significance for 
ALT should therefore be interpreted with caution, as it does 
not necessarily exclude hepatotoxicity, particularly when 
other hepatic markers, such as AST and bilirubin fractions, 
showed alterations compatible with liver injury. Notably, the 
hepatotoxic effects observed in the present study may be more 
plausibly attributable to chemotherapy exposure compared 
with Curcuma longa intervention, since co‑treatment tended to 
attenuate, rather than exacerbate, biochemical evidence of organ 
dysfunction. These findings are biologically consistent with 
the antioxidant and anti‑inflammatory properties previously 
described for curcuminoids in experimental models (16,18,19). 
In addition, the protective responses observed in the present 
study were both dose‑ and time‑dependent, with more evident 
effects occurring after prolonged exposure.

The attenuation of AST and bilirubin alterations in animals 
receiving Curcuma  longa aligned with previous reports 
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describing hepatoprotective effects of curcumin in models of 
drug‑induced liver injury (14,18,19,21). Conversely, the persis‑
tence of mild ALT alterations may suggest that hepatocellular 
recovery was only partial under prolonged chemotherapeutic 
stress. Similar patterns have been reported in taxane‑asso‑
ciated toxicity models, in which biochemical recovery may 
occur gradually over time (8,20). In addition, elevations in total 
and direct bilirubin levels following docetaxel administration 
may reflect impaired hepatobiliary excretion and cholestatic 
dysfunction. Previous experimental studies have associated 
these alterations with oxidative imbalance, mitochondrial 
injury and inflammatory stress within hepatic tissues (8,20). 
Thus, the decreased bilirubin accumulation observed in 
Curcuma longa‑treated animals suggests partial preserva‑
tion of hepatobiliary functional integrity during docetaxel 
exposure.

Although molecular signaling pathways were not directly 
evaluated, previous investigations have reported that curcumin 
may influence oxidative stress responses, inflammatory 
mediators and apoptosis‑associated mechanisms involved in 
liver injury (7,20). Therefore, the protective effects observed 
should be interpreted as biologically consistent with mecha‑
nisms previously described in experimental studies rather than 
as direct evidence of pathway modulation.

Docetaxel exposure was associated with increased serum 
liver enzymes, particularly AST, as well as elevations in bili‑
rubin fractions, suggesting hepatocellular stress and possible 
cholestatic dysfunction. Although statistically significant 
differences were observed primarily in the overall analysis 
rather than at individual time points, the progressive increase in 
bilirubin levels may indicate impaired hepatobiliary excretion 
and altered bile transport during prolonged chemotherapeutic 
exposure. Similar hepatotoxic profiles have been reported in 
taxane‑based treatment models characterized by oxidative 
imbalance, mitochondrial dysfunction and inflammatory 
stress within hepatic tissues (8,20).

Animals receiving Curcuma longa, particularly at 50 and 
500 mg‑kg, demonstrated attenuation of liver enzyme altera‑
tions and bilirubin accumulation over time, suggesting partial 
preservation of hepatic functional integrity. These findings are 
consistent with previous studies reporting hepatoprotective 
effects of curcumin in models of drug‑induced liver injury, 
including cisplatin‑, acetaminophen‑ and isoniazid‑associated 
toxicity (14,21). In these studies, curcumin supplementation 
was associated with reductions in transaminase elevation, 
oxidative stress and histopathological damage.

Investigations have also suggested that curcumin may 
influence oxidative stress responses, inflammatory mediators 

Table III. Pearson's correlation tests between two numerical variables, measured at different time points during the experiment.

Time period	 Variable X	 Variable Y	 Correlation, r	 P‑value

7 days	 Mean kidney weight	 Sodium	 0.07	 0.700
	 Mean kidney weight	 Potassium	 ‑0.08	 0.660
	 Mean kidney weight	 Urea	 0.02	 0.910
	 Liver	 Total bilirubin	 0.15	 0.390
	 Liver	 Direct bilirubin	 ‑0.24	 0.160
	 Liver	 Indirect bilirubin	 0.23	 0.180
	 Liver	 AST	 ‑0.23	 0.190
	 Liver	 ALT	 ‑0.19	 0.290
14 days	 Mean kidney weight	 Sodium	 0.21	 0.230
	 Mean kidney weight	 Potassium	 ‑0.21	 0.230
	 Mean kidney weight	 Urea	 0.80	 <0.010a

	 Liver	 Total bilirubin	 0.47	 <0.010a

	 Liver	 Direct bilirubin	 0.10	 0.550
	 Liver	 Indirect bilirubin	 0.36	 0.030a

	 Liver	 AST	 ‑0.04	 0.830
	 Liver	 ALT	 0.18	 0.310
21 days	 Mean kidney weight	 Sodium	 0.22	 0.210
	 Mean kidney weight	 Potassium	 0.29	 0.100
	 Mean kidney weight	 Urea	 0.23	 0.180
	 Liver	 Total bilirubin	 0.05	 0.770
	 Liver	 Direct bilirubin	 0.08	 0.670
	 Liver	 Indirect bilirubin	 0.02	 0.920
	 Liver	 AST	 ‑0.10	 0.580
	 Liver	 ALT	 0.30	 0.080

Correlations were assessed using Pearson's correlation coefficient (r), with statistical significance established at the 5% level (P<0.05). aP<0.05. 
AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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and apoptosis‑associated mechanisms involved in hepatic 
injury (7,9,10,12,20). Since molecular signaling pathways and 
cytokine expression were not directly assessed in the present 
study, these findings should only be regarded as biologically 
plausible interpretations.

In the present model, the 500 mg‑kg dose produced the 
most evident normalization of biochemical markers by day 21. 
However, the 50  mg‑kg dose also demonstrated marked 
protective effects, suggesting that intermediate dosing may 
provide a more favorable balance between cytoprotection and 
biological safety during prolonged exposure. This finding is 
particularly relevant considering the intestinal hypertrophy 
and tissue alterations observed at higher doses.

These findings reinforce the hepatoprotective potential of 
Curcuma longa in the context of docetaxel‑induced systemic 
toxicity and support further investigations incorporating histo‑
pathological and molecular analyses to further characterize 
the biological mechanisms underlying these protective effects.

Renal function parameters were markedly affected by 
docetaxel exposure. Serum creatinine and, to a lesser extent, 
urea levels increased over time, suggesting glomerular 
and tubular dysfunction. The most pronounced alterations 
occurred at day 14 for creatinine and at day  21 for urea, 
indicating a time‑dependent pattern of renal involvement (6). 
Similar findings have been reported in experimental models 
of taxane‑induced nephrotoxicity, in which oxidative stress, 
mitochondrial dysfunction and inflammatory injury contribute 
to renal tubular damage (15,16,22).

The present study noted that animals treated only with 
docetaxel showed transient elevations in creatinine and urea 
levels, particularly at day 14, followed by partial recovery at 
later timepoints. This pattern may reflect an acute phase of 
renal stress followed by compensatory functional adaptation 
over time. Notably, co‑treatment with Curcuma longa attenu‑
ated these alterations, especially at the 500 mg‑kg dose, which 
promoted near‑complete normalization of renal biochemical 
markers by day 21.

The strong positive correlation between kidney weight and 
urea levels at 14 days further supports the presence of transient 
nephrotoxicity during the intermediate phase of exposure. 
Increased renal mass occurring alongside worsening urea 
levels may reflect inflammatory swelling, tubular injury and 
adaptive renal responses to impaired filtration capacity and 
metabolic stress.

Previous experimental studies have demonstrated 
the nephroprotective effects of curcumin in models of 
cisplatin‑, gentamicin‑ and cyclophosphamide‑induced renal 
injury (3,4,21,24). These protective effects have been associ‑
ated with modulation of oxidative stress responses, attenuation 
of inflammatory signaling, preservation of mitochondrial 
function and regulation of apoptosis‑associated pathways, 
including mechanisms involving nuclear factor erythroid 
2‑related factor 2 (Nrf2)‑antioxidant response element (ARE) 
signaling, NF‑κB modulation and Bax‑Bcl‑2 balance (17‑23).

In the present model, the attenuation of creatinine and 
urea elevations observed in Curcuma longa‑treated animals is 
consistent with previous reports describing reduced oxidative 
injury, preservation of tubular epithelial integrity and improved 
renal functional stability following curcumin supplementa‑
tion (4,21‑24). Notably, while the 500 mg‑kg dose produced 

the most evident biochemical improvement, the 50 mg‑kg dose 
also demonstrated meaningful protective effects, particularly 
at later timepoints. This finding suggests that intermediate 
dosing may provide a more favorable balance between efficacy 
and biological safety for future translational applications.

Overall, the present findings support the nephroprotective 
potential of Curcuma longa in the context of docetaxel‑induced 
toxicity and reinforce the importance of further studies 
incorporating histopathological and molecular analyses to 
characterize the biological mechanisms underlying renal 
protection.

Electrolyte disturbances, particularly hypokalemia 
observed at day 14, were consistent with chemotherapy‑asso‑
ciated tubular dysfunction. Although mild and transient, the 
reduction in potassium levels suggests impairment in renal 
electrolyte handling during the intermediate phase of docetaxel 
toxicity. By contrast, sodium concentrations remained rela‑
tively stable across the majority of groups, indicating a more 
selective effect on potassium regulation.

Chemotherapy‑induced electrolyte imbalance is a clinically 
relevant manifestation of systemic toxicity and is frequently 
associated with renal tubular injury, gastrointestinal losses and 
metabolic dysregulation (4,21‑24). It was found that docetaxel 
monotherapy induced a significant reduction in serum potas‑
sium levels at day 14, whereas only mild and transient sodium 
alterations were observed. The greater susceptibility to hypo‑
kalemia during the intermediate phase of exposure may reflect 
cumulative nephrotoxic and enterotoxic effects associated 
with docetaxel administration (24‑26).

Notably, co‑treatment with Curcuma longa, particularly 
at 50 and 500 mg‑kg, attenuated potassium reduction and 
promoted stabilization of electrolyte levels by day 21, a prob‑
able protective effect on systemic ionic homeostasis during 
prolonged chemotherapeutic exposure. Experimental studies 
have reported that curcumin may contribute to preservation of 
renal tubular integrity and modulation of oxidative and inflam‑
matory responses associated with nephrotoxicity (17,27,28). 
Mechanisms previously associated with these effects include 
attenuation of oxidative stress, preservation of mitochondrial 
function, modulation of inflammatory mediators such as 
TNF‑α and IL‑1β and maintenance of ion transport systems, 
including Na+‑K+‑ATPase activity  (17,27,28). In addition, 
given that the present study did not directly evaluate molecular 
pathways or transporter expression, these mechanisms should 
be interpreted as biologically plausible explanations rather 
than direct evidence of pathway modulation.

Clinically, preservation of electrolyte balance during 
chemotherapy is important for reducing complications such 
as arrhythmias, neuromuscular dysfunction and acute kidney 
injury, particularly in regimens involving nephrotoxic agents 
such as taxanes and platinum‑based compounds  (28,29). 
Therefore, the ability of Curcuma longa to attenuate potas‑
sium loss and maintain electrolyte stability may have potential 
relevance for supportive care strategies aimed at reducing 
systemic toxicity during chemotherapy. This highlights the 
potential contribution of phytotherapeutic adjuncts not only 
to organ‑specific protection but also to the maintenance of 
physiological homeostasis during chemotherapeutic exposure.

Changes in relative organ weights are considered sensi‑
tive indicators of systemic toxicity and physiological stress 
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associated with chemotherapeutic exposure (29‑33). In the 
present study, docetaxel administration produced distinct 
alterations in the relative mass of multiple organs, supporting 
the presence of multisystem involvement. Co‑treatment with 
Curcuma longa modulated a number of these changes in a 
dose‑ and time‑dependent manner, posing potential protective 
effects against tissue injury and systemic imbalance.

Liver hypertrophy observed in docetaxel‑treated animals 
may reflect inflammatory processes, vascular congestion 
and hepatocellular injury secondary to chemotherapeutic 
stress. Animals receiving Curcuma longa exhibited attenu‑
ation of this response, particularly at intermediate and high 
doses, suggesting partial preservation of hepatic structural 
integrity and reduced tissue remodeling  (4). By contrast, 
renal hypotrophy observed at day 14 may indicate structural 
loss associated with cytotoxic injury and transient renal 
dysfunction. Despite Curcuma longa having promoted partial 
recovery of renal mass, the response varied according to dose, 
suggesting a more complex renoprotective profile requiring 
further investigation.

Cardiac and pulmonary tissues also demonstrated altera‑
tions during docetaxel exposure. Reduced heart weight may 
reflect cardiomyocyte atrophy or cellular loss, findings previ‑
ously described in experimental models of taxane‑associated 
cardiotoxicity (6,29‑33). Animals treated with Curcuma longa 
maintained cardiac mass closer to control values, consistent 
with previous reports describing cardioprotective effects 
of curcumin in models of oxidative and inflammatory 
injury (2,29‑33).

Increases in lung weight, although not statistically signifi‑
cant, may suggest inflammatory changes or pulmonary edema 
associated with systemic toxicity. Notably, co‑treatment with 
Curcuma longa attenuated these alterations but did not fully 
normalize pulmonary mass. While these findings remain 
inconclusive, they support the need for additional investiga‑
tions incorporating histopathological analysis and larger 
experimental cohorts.

One of the most unexpected findings was the increase in 
intestinal weight, particularly in animals treated with 50 mg‑kg 
of Curcuma  longa at day  14. This response may reflect 
enhanced mucosal regeneration and epithelial turnover during 
systemic toxic stress. Prior experimental research has associ‑
ated curcumin with intestinal trophism, mucosal repair and 
preservation of epithelial barrier integrity (5,29‑33). However, 
because histopathological analyses were not performed in 
the present study, it remains unclear whether this increase 
represents an adaptive regenerative response or a potentially 
excessive proliferative process during prolonged exposure.

Hepatomegaly observed in docetaxel‑treated groups, 
particularly at days 14 and 21, may reflect inflammatory stress 
and compensatory hepatocellular responses following chemo‑
therapeutic injury. Studies have associated hepatic enlargement 
during chemotherapy with leukocyte infiltration, hepatocyte 
swelling, oxidative imbalance and regenerative activity within 
liver tissue (30‑33).

In animals co‑treated with Curcuma longa, especially at 
50 and 500 mg‑kg, this increase in liver mass was attenuated 
over time. These findings suggest that curcuminoids may 
contribute to preservation of hepatic structural integrity and 
reduction of tissue remodeling during docetaxel exposure. 

Investigations have reported that curcumin can modulate 
oxidative and inflammatory responses associated with liver 
injury, promoting maintenance of redox homeostasis and 
limiting excessive hepatocellular damage (31‑33).

The reduction in kidney weight observed in docetaxel‑treated 
groups, particularly at day 14, may reflect structural renal 
alterations associated with chemotherapy‑induced nephrotox‑
icity, including tubular injury, reduced perfusion and cellular 
degeneration (33). This interpretation is consistent with the 
simultaneous elevation in creatinine and urea levels observed 
during the intermediate phase of exposure.

For examples, in animals receiving Curcuma  longa, at 
lower and intermediate doses, partial preservation of renal mass 
was observed, suggesting attenuation of tissue injury during 
chemotherapeutic stress. Reports have associated curcumin 
with modulation of oxidative stress responses, preservation 
of tubular epithelial integrity and reduction of inflammatory 
and fibrotic processes in renal tissue, including mechanisms 
associated with Nrf2‑ARE signaling (27‑29,31,33,34).

Docetaxel‑t reated animals exhibited decreased 
cardiac mass at day 14, which may be attributed to mito‑
chondrial oxidative stress and cardiomyocyte atrophy, a 
recognized complication of taxane therapy  (35). Notably, 
Curcuma longa‑treated groups maintained near‑normal heart 
weight throughout, suggesting cardioprotective properties 
likely driven by anti‑apoptotic and mitochondrial stabilizing 
effects of curcumin (36). Docetaxel‑treated animals exhibited 
a tendency toward reduced cardiac mass at day 14, possibly 
reflecting cardiac stress and cardiomyocyte injury associ‑
ated with taxane toxicity (35). By contrast, animals receiving 
Curcuma longa maintained heart weights closer to control 
values, suggesting a potential protective effect on cardiac 
tissue (36).

A non‑significant increase in lung weight, particularly 
in the docetaxel‑only group at day  21, may indicate a 
tendency toward pulmonary inflammation or edema. Similar 
alterations have been described in taxane‑induced pulmonary 
toxicity, which has been associated with interstitial inflam‑
mation, capillary leakage and oxidative stress (37). Despite 
Curcuma longa having not completely reversed these changes, 
treated groups showed a tendency toward normalization of 
lung mass, suggesting a possible protective effect against 
pulmonary inflammatory alterations during chemotherapeutic 
exposure (38). However, these mechanisms were not directly 
evaluated in the present analyses.

The most pronounced alteration in intestinal weight was 
observed in the group treated with Curcuma longa 50 mg‑kg 
at day 14, which showed a significant increase in intestinal 
mass. This finding may reflect enhanced mucosal regen‑
eration and epithelial turnover during systemic toxic stress. 
Previous experimental studies have associated curcumin 
with preservation of intestinal barrier integrity, modulation 
of epithelial repair processes, and maintenance of mucosal 
homeostasis (39,40).

Notably, intestinal hypertrophy remained evident after 
21 days in the high‑dose Curcuma longa group, suggesting a 
sustained tissue response during prolonged exposure. While 
this effect may represent an adaptive regenerative process, the 
marked increase in intestinal mass at the highest dose also 
suggested excessive proliferative or inflammatory activity. 
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Thus, prolonged high‑dose administration may exceed the 
most favorable therapeutic range and reinforce the importance 
of evaluating dose‑dependent tissue responses in long‑term 
experimental models.

A clear dose‑ and time‑dependent protective profile of 
Curcuma longa against docetaxel‑induced systemic toxicity 
was also observed. Among the tested doses (25, 50 and 
500 mg‑kg‑day), the intermediate dose of 50 mg‑kg produced 
the most consistent effects in attenuating hepatic and renal 
biochemical alterations, preserving organ weights and main‑
taining systemic homeostasis, particularly at day 21.

The delayed protective response indicates that sustained 
exposure to curcuminoids may be necessary to achieve more 
stable biological adaptation during chemotherapeutic stress. 
Similar temporal patterns have been described in previous 
experimental models involving phytochemical co‑treatment 
during chemotherapy (2,4,39,40). Although molecular path‑
ways were not directly evaluated in the present study, prior 
investigations have associated curcumin with modulation of 
oxidative stress responses, inflammatory mediators and cyto‑
kine signaling, including mechanisms involving NF‑κB and 
Nrf2‑associated pathways (3,7,31,34).

While the highest dose (500 mg‑kg) effectively attenuated 
elevations in bilirubin, urea and creatinine, it was also associated 
with marked intestinal and splenic hypertrophy at day 21. This 
pattern may indicate that prolonged high‑dose exposure can 
trigger excessive regenerative or inflammatory responses despite 
improvement in biochemical markers. Similar tissue remod‑
eling effects have been reported following sustained high‑dose 
curcumin administration (4,19,32,40).

These observations indicate that dose escalation beyond a 
certain threshold may not provide additional biological benefit 
and could instead favor maladaptive tissue responses. By contrast, 
the 50 mg‑kg dose achieved substantial protective effects without 
the marked organ alterations observed at higher concentrations, 
suggesting a potentially more favorable therapeutic window in 
this experimental setting.

Overall, the present results support a time‑sensitive and 
dose‑dependent protective effect of Curcuma  longa during 
docetaxel‑induced toxicity. Future studies incorporating histo‑
pathological and molecular analyses will be necessary to further 
characterize the underlying biological mechanisms and evaluate 
the long‑term safety of high‑dose exposure.

The protective effects of Curcuma  longa observed in 
the present study, including attenuation of hepatic and renal 
biochemical alterations, stabilization of electrolyte balance and 
preservation of organ weights, are consistent with mechanisms 
previously associated with curcumin in experimental models 
of oxidative and inflammatory injury  (7,36,37,40). Previous 
investigations have associated these effects with modulation of 
intracellular pathways involved in antioxidant defense, inflamma‑
tory signaling, apoptosis and cellular adaptation, including Nrf2, 
NF‑κB, MAPK and PI3K‑Akt pathways.

Among these mechanisms, Nrf2‑associated signaling has 
been widely associated with cellular protection against oxida‑
tive stress through induction of antioxidant enzymes such as 
heme oxygenase‑1, NAD(P)H quinone oxidoreductase 1 and 
glutathione‑associated enzymes (7,36,37). In parallel, curcumin 
has been reported to modulate inflammatory responses associ‑
ated with NF‑κB signaling, reducing the expression of cytokines 

and inflammatory mediators involved in tissue injury during 
chemotherapeutic stress (3,31,38,40).

Additional studies have also described interactions between 
curcumin and MAPK‑ and PI3K‑Akt‑associated pathways, which 
participate in the regulation of apoptosis, cell survival, mito‑
chondrial stability, and tissue repair processes (3,7,39,40). These 
mechanisms may contribute to the preservation of hepatic, renal, 
intestinal and splenic integrity observed in experimental models 
of systemic toxicity.

Furthermore, previous evidence has suggested that curcumin 
may downregulate the expression of inflammatory cytokines, 
including TNF‑α, IL‑6 and IL‑1β, while modulating apoptosis 
by decreasing the expression of the pro‑apoptotic proteins Bax 
and caspase‑3 and increasing the expression of the anti‑apoptotic 
protein Bcl‑2 (3,6,41,42). Such biological effects have been associ‑
ated with reduced oxidative injury and improved tissue adaptation 
during chemotherapeutic exposure.

Despite the present study not directly evaluating molecular 
expression pathways, cytokine profiles or apoptosis markers, 
these mechanisms should be interpreted as biologically plau‑
sible explanations. In this context, the observed biochemical 
and morphophysiological improvements support the 
possibility that curcuminoids contribute to systemic cytoprotec‑
tion during docetaxel exposure through integrated antioxidant 
and anti‑inflammatory effects.

The present results highlight the potential translational 
relevance of Curcuma longa as a supportive strategy for reducing 
chemotherapy‑associated toxicity. Although docetaxel is widely 
used in the treatment of solid tumors, its clinical application is 
frequently limited by systemic adverse effects, particularly hepa‑
totoxicity and nephrotoxicity, which may compromise treatment 
continuity and patient quality of life (1,6,40,41).

In this context, the attenuation of hepatic and renal alterations 
observed following Curcuma  longa administration suggests 
a possible role in preserving organ function during chemo‑
therapeutic exposure. Maintenance of hepatorenal stability may 
contribute to reducing treatment interruptions, dose reductions 
and cumulative toxicity during prolonged oncologic therapy, 
especially in taxane‑based regimens used for breast, prostate and 
lung cancers.

The intermediate dose (50 mg‑kg) demonstrated particu‑
larly consistent protective effects without the pronounced 
tissue alterations observed at higher doses, suggesting a 
potentially more favorable therapeutic window for future 
translational investigation. In addition, the intestinal and 
splenic hypertrophy observed at 500 mg‑kg reinforces the 
importance of carefully evaluating the long‑term safety of 
high‑dose exposure.

Future experimental and clinical studies should aim to 
further investigate the safety and efficacy of Curcuma longa as 
an adjunctive intervention during chemotherapy. Randomized 
clinical trials incorporating biochemical markers of liver and 
kidney function, treatment tolerance and patient‑reported 
outcomes may help clarify its therapeutic applicability in 
oncology settings. Additional investigations incorporating 
histopathological, immunohistochemical and molecular 
analyses will also be important to further characterize the 
biological mechanisms underlying the observed organopro‑
tective effects. Experimental evidence from the literature 
has associated curcumin with modulation of oxidative stress 
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responses, inflammatory mediators, apoptosis‑associated 
proteins and signaling pathways including Nrf2, NF‑κB, 
MAPKs and PI3K‑Akt (43‑45).

Emerging approaches such as transcriptomics, proteomics 
and metabolomics may further contribute to understanding 
the systemic effects of curcuminoids during chemothera‑
peutic exposure and help identify biomarkers associated with 
treatment response and toxicity modulation.

The present results do not suggest replacing conventional 
chemotherapy but rather point to the potential use of safe 
supportive interventions capable of reducing treatment‑related 
damage while preserving therapeutic continuity. These find‑
ings may have practical relevance for supportive oncology by 
identifying Curcuma longa as a potential adjuvant candidate 
for reducing chemotherapy‑associated toxicity, pending vali‑
dation in histopathological, molecular and clinical studies.

Histopathological analyses of hepatic, renal, intestinal, 
cardiac and pulmonary tissues were not performed in 
the present study, limiting direct characterization of the 
structural alterations underlying the observed biochemical 
and morphophysiological changes. Similarly, molecular 
and immunohistochemical evaluations of oxidative stress, 
inflammatory mediators, apoptosis‑associated proteins and 
intracellular signaling pathways were beyond the scope of 
the present investigation. Therefore, as highlighted, the 
proposed biological mechanisms should be interpreted as 
plausible explanations supported by previous experimental 
evidence rather than direct demonstration of pathway 
modulation. Although animals were randomized and 
maintained under standardized experimental conditions 
to reduce potential confounding, unmeasured factors 
inherent to biological systems, including interindividual 
variability in physiological responses and drug metabo‑
lism, may have influenced the magnitude of the observed 
effects. Furthermore, given that the present investigation 
was conducted in an experimental animal model, the 
findings may not fully reproduce the complexity of chemo‑
therapy‑associated toxicity in humans.

In conclusion, the present experimental model suggests 
that oral Curcuma longa may mitigate docetaxel‑associated 
systemic toxicity, with the intermediate dose showing 
the most favorable balance between cytoprotection and 
biological safety. The present findings also indicate that 
higher exposure does not necessarily translate into greater 
benefit, reinforcing the importance of defining an appro‑
priate therapeutic window for curcuminoid‑based adjuvant 
strategies. Although promising, the present results remain 
preclinical and should be interpreted with caution. Further 
studies incorporating histopathological, molecular and 
translational approaches are needed to determine the mech‑
anisms involved, evaluate long‑term safety and investigate 
the potential applicability of Curcuma longa in supportive 
oncology care.
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