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INTRODUCTION
Alpinia calcarata (Haw.) Roscoe, the Zingiberaceae 

family herb, has traditionally been used as medicine in Sri 
Lanka and is produced mainly in tropical regions of Asia [1]. 
Alpinia calcarata rhizome ethanolic extract Alpinia calcarata 
(Haw.) Roscoe rhizome ethanolic extract (ACREE) has been 
used to treat respiratory diseases such as asthma, bronchitis, 
and cough and as an anti-inflammatory agent [2]. ACR 
rhizome contains bioactive compounds such as flavonoids 

and terpenoids, phenolic compounds with antioxidant, anti-
inflammatory, antidiabetic, antifungal, antibacterial, analgesic, 
and anticancer properties and was found to be an effective 
antinociceptive in rats [3–7]. Previous studies have also reported 
ACREE’s hypoglycaemic and antihyperlipidemic effects [8]. 
ACREE was also a possible source of antitumor agents [9]. 
Cancer is one of the most common causes of death worldwide. 
Cis-diamminedichloroplatinum II, also known as cisplatin, 
is an antineoplastic agent effective in cancer treatment [10]. 
However, it forms a DNA-platinum product, leading to neural 
damage by axonal modification [11] and significant myelinated 
neural fiber injury [12]. Cisplatin can react with mitochondrial 
DNA, generating reactive oxygen compounds affecting axonal 
transmission due to the axonal localization of mitochondria, 
leading to chronic neural weakness [13]. Other independent 
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ABSTRACT
This study aims to determine the neuroprotective activity of Alpinia calcarata (Haw.) Roscoe rhizome ethanolic extract 
(ACREE) using cis-diamminedichloroplatinum II (CDDP, cisplatin)-induced peripheral neuropathy (CIPN) rat (Wistar 
albino) models. The rats were maintained in suitable laboratory conditions (12 hours light/dark cycle, 25ºC ± 2ºC 
temp) with a nutritional diet and water ad libitum, divided into four groups (n = 6) for the experiment. After 7 days of 
acclimation, groups II, III, and IV were injected with 2 mg/kg cisplatin intraperitoneal, with 2 ml saline (oral) on days 8, 
15, 22, 28, and 36 along with ACREE oral doses of 250 mg/kg (to group III), and 500 mg/kg (to group IV) daily from 
day 8 to 42. Physical, behavioral, biochemical, and electrophysiological parameters were evaluated, and sciatic nerve 
histopathology was studied. Statistical analysis using one-way variance analysis (ANOVA) showed improvement in 
CIPN condition due to ACREE treatment in nerve conduction velocity (p < 0.001), grip strength (p < 0.001), rota rod 
performance (p < 0.01), hot and cold hyperalgesia (p < 0.001), inflammatory markers high sensitivity C reactive protein, 
tumor necrosis factor-α, and interleukin (p < 0.001), and oxidative stress parameters catalase, glutathione, superoxide 
dismutase, and malondialdehyde (p < 0.001). Histopathology study revealed preservation of neuro-morphology and 
myelin sheath and minimal inflammatory effect in treatment groups over diseased. This novel finding could be crucial in 
improving cancer patient survival and life quality. Further research is recommended to elucidate the precise mechanisms 
of ACREE’s protective effects and explore its integration with existing cancer treatments to effectively neutralize the 
impact of cisplatin-induced peripheral neuropathy. 
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a co-precipitate with Polyvinylpyrrolidone (PVP, 44,000 MW) 
in a 1:1 (w/w) ratio was used for the administration [3].

CIPN in rats
Wistar albino rats of either sex, weighing 180–200 

g, were kept in clean polypropylene cages under suitable 
laboratory conditions (12 hours light/dark cycle, 25ºC ± 2ºC 
temp) provided with a nutritional diet and water ad libitum. 
Before commencing the experiment, an animal ethical clearance 
and approval were availed from KLE’s College of Pharmacy 
Bengaluru, Institutional Animal Ethics Committee (IAEC no. 
03/HP/2021). Cisplatin [(2 mg/kg), intraperitoneal (i.p.)] was 
administered (followed by 2 ml of normal saline water as 
nephrotoxicity prevention) to form CIPN rat models [20,21]. 
The cisplatin dosage routine is mentioned in Table 1. 

Experimental design
After a week’s acclimatation, a 5-week experiment 

followed by analysis was performed on rats (4 groups with 
N  =  6), as detailed in Table 1. Groups I and II were (normal and 
diseased groups, respectively), and III and IV were treatment 
groups with daily ACREE dosages of 250 mg/kg and 500 mg/
kg, respectively [3,5]. 

Parameters evaluation
To explore the neuroprotective activity of ACREE, 

physical (body weight), food and water intake, behavioral, 
electrophysiological, and biochemical parameters were 
analyzed using a one-way ANOVA technique and a 
histopathological study haematoxylin-eosin (H & E) was 
performed. 

Physical
Changes in body weight and food and water intake 

profiles were recorded across animals used in the experiment. 

Hot and cold hyperalgesia
To test hot and cold hyperalgesia, the tail was immersed 

in hot (46ºC, cut-off time 12 seconds) and cold (4ºC, cut-off 
time 10 seconds) water. The reaction time required to remove 
the tail was recorded as discomfort or reflexive action [22]. Tails 
were thoroughly dried in each rat sample post experiment [23]. 

Rota-rod performance (motor coordination)
The ability of the rat to maintain its position on a 

rotating rod (75 mm diameter) was measured using a rota-rod 
setup calibrated to a speed at which normal rats (Group I) could 
withstand >5 min on it. All the rats had three trial runs with a 
minimum 3-hour gap. The time spent by the rats on rotating rod 
at 15 and 25 rpm was recorded for each rat [20]. 

Grip strength
The rats were familiarised with the grip strength meter 

for a designated period. Each rat was suspended using its tail to 
measure grip strength, ensuring a roughly horizontal orientation 
above the apparatus grid. Then, an external force was applied to 

studies reported that mitochondrial irregularities are linked to 
neuronal and axonal degeneration [14]. Cisplatin is a platinum 
anticancer drug with severe side effects, including peripheral 
neuropathy [15] and a molecular affinity for the peripheral 
nervous system not protected by a vascular barrier [16]. It causes 
DNA crosslinking, leading to apoptosis, causing peripheral 
neural damage, and sensory dysfunction [17]. They have also 
been reported to reduce anti-angiogenesis effects, which may 
cause nerve damage [18]. Other toxicities of cisplatin, including 
nephron and cardio, were reported [19], while peripheral 
neurotoxicity is a disabling side effect affecting the living quality 
of the patient. The therapeutic findings of ACREE and the 
worldwide spread of cisplatin-induced peripheral neuropathy 
(CIPN) have garnered interest in exploring ACREE’s potential 
in treating CIPN, which has not been done so far. Plant-derived 
medicines represent a crucial aspect of proactive medicine, 
which focuses on preventing diseases and enhancing overall 
well-being rather than merely treating symptoms. If ACREE 
is proven to be an effective remedy for CIPN, it is likely to 
be seen as a gentler alternative to synthetic drugs and produce 
fewer side effects. Herbal medicines have gained popularity 
among patients seeking to improve their quality of life. This 
interest has also sparked significant attention from the scientific 
community, which is increasingly exploring the medicinal 
properties of plants to validate their effectiveness and discover 
new therapeutic compounds. This study evaluates physical, 
behavioral, and biochemical parameters, the direct measurement 
of nerve conduction velocity (NCV), and the histopathology 
study of sciatic nerves to explore the neuroprotective activity 
of ACREE in CIPN.

MATERIALS AND METHODS

Materials
Alpinia calcarata rhizomes were freshly collected 

in January 2021 from the Indian Institute of Horticultural 
Research, Bengaluru (Karnataka state, India), authenticated by 
Dr. P.E. Rajasekharan, Nodal Officer and Principal Scientist, 
GAC Division, Department of Plant Genetic Resources, 
Bengaluru (Karnataka state, India). Verified the plant name 
Alpinia calcarata with http://www.theplantlist.org/, accessed 
on Sep 20, 2023.

Cisplatin was procured from Hetero Healthcare Ltd. 
Diagnostic for the high sensitivity C reactive protein (hs-
CRP) ELISA (enzyme-linked immunosorbent assay) kit and 
biochemical evaluations from Krishgen Biosystem, India. 
Cytokines assay Tumor necrosis factor-α (TNF-α) and IL-6 
assessment commercially available ELISA kits, following 
manufacturer instructions from Pierce Endogen (Rockford, 
IL, USA). All the chemicals used were of analytical grade. 
Ethanolic extraction of A. calcarata rhizomeThe freshly 
collected Alpinia calcarata (Haw.) Roscoe (ACR) rhizomes 
were fragmented and air-dried under shade for 2 weeks. Five 
hundred grams of dried powder was extracted with 1.5 l of 
ethanol using the Soxhlet process for 4 hours. The extraction 
then was filtered, followed by concentration under diminished 
pressure at 55°C temp. The percentage yield was 18.5 w/w (dry 
weight). The extract was preserved at 4°C for further use. Then, 
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the tail base in alignment with the sensor axis, and the response 
force by the rat was recorded before leaving its grip [24]. 

Nerve conduction study
Non-invasively NCV was measured using a Power 

Lab data acquisition system. An anesthetic combination of 
Xylazine (5–10 mg/kg, i.p.) and Ketamine (80–100 mg/kg, i.p.) 
was administered during the measurement. The sciatic nerve 
was stimulated using a bipolar electrode with an 8V, 20Hz 
signal, and calculated the NCV by dividing the spacing between 
the stimulating and recording electrodes by proximal and distal 
latencies difference [25,26]. The stimulating electrode probed 
the sciatic notch and the recording to the second interosseous 
muscle of the hindfoot and the ground electrode to the lateral 
part of the hindfoot. Stimulus latency was measured from the 
stimulus artefact to the M wave peak. Then, the recording 
electrode was moved to the tendon, and the procedure was 
repeated to find the recording latency. 

Biochemical (Inflammatory markers and oxidative stress 
parameters)

hs-CRP level in blood serum was done using hs-
CRP ELISA kit [27], procured from Krishgen Biosystems 
Ltd. Cytokines assay IL-6 and TNF-α assessment was done 
using commercially available ELISA kits (Spectramax i3x, 
Molecular devices), following manufacturer instructions from 
Pierce Endogen (Rockford, IL, USA) and the method used by 
Whiteside [28]. To measure oxidative stress markers [Superoxide 
dismutase (SOD), Catalase (CAT), Malondialdehyde (MDA) 
and Glutathione (GSH)], the sciatic nerve was segregated, 
followed by homogenization in phosphate-buffered saline (pH 
7.4, 0.1M) at ice-cold temp (IKA 3720000 T 18 Digital Ultra 
Turrax), further segregated into aliquots, getting post-nuclear 
and mitochondrial fractions [29]. The method elaborated by 

Paoletti et al. [30] was used for SOD assessment. CAT was 
assessed by measuring the hydrogen peroxide decomposition 
rate (mole/minute) [31]. Lipid peroxidation was determined 
by MDA assessment [32]. The tissue sulfhydryl group was 
assessed by GSH levels [33]. 

Histopathology
The separated sciatic nerve was immersed in pH-

balanced formalin buffer (10%) and planted on paraffin wax 
for sectioning. Ultra-fine 5-μm transverse segments were taken 
with a microtome for staining with haematoxylin-eosin (H & E) 
for general morphology [34,35]. 

Statistical analysis
The comparison across groups (normal control, 

disease control, and treatments) was done using ANOVA. Post 
hoc Dunnett’s multiple comparison was done using Graph 
pad Prism software (v9), and data were represented in mean ± 
standard mean error (SEM). 

RESULTS AND DISCUSSION
Cisplatin or ACREE doses during the study did 

not cause any mortality. The exploration of ACREE as a 
neuroprotectant has not been done so far, but multiple other allied 
therapeutic potentials, like anti-inflammatory, anti-oxidant, and 
antinociceptive of A. calcarata have been shown by studies 
[3,4,5]. The physical, behavioral, and biochemical parameters, 
sciatic NCV measurement results, and histopathology analysis 
are detailed in the following subsections. 

Measurement of body weight, food intake, and water intake
Reduced food consumption and increased water 

intake in group II indicate loss of appetite (diseased condition) 
compared to group I. As a result, weight loss was observed in 

Table 1. Experimental design to explore peripheral neuroprotection potential of ACREE. 

Laboratory condition throughout the experiment: 12 hours light/dark cycle, 25ºC ± 2ºC temp, nutritional diet, and 
water ad libitum

Day I (Normal 
control)

II (Cisplatin control) III (Cisplatin + ACREE 250 
mg/kg)

IV (Cisplatin + ACREE 500 mg/
kg)

Week 1 1–7 Acclimation to laboratory condition

Week 2 8 - 2 ml Saline oral, 2 mg/kg 
cisplatin i.p. injection

2 ml Saline oral, 2 mg/kg 
cisplatin i.p. injection; 250 mg/kg 

ACREE oral 

2 ml Saline oral, 2 mg/kg cisplatin 
i.p. injection; 500 mg/kg ACREE 

oral

9–14 - - 250 mg/kg ACREE oral 500 mg/kg ACREE oral

Week 3 15 Same as day 8

16–21 Same as days 9–14

Week 4 22 Same as day 8

23–27 Same as days 9–14

Week 5 28 Same as day 8

29–35 Same as days 9–14

Week 6 36 Same as day 8

37–42 Same as days 9–14

 After 43 Parameters evaluation
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group II (p < 0.001), which was improved in ACREE treatment 
groups (III: p < 0.001 and IV: p < 0.05) (Fig. 1). Also, as 
mentioned in Table 2, the treatment groups showed balanced 
food and water intake with maintained body weight. 

Motor coordination and grip strength
Rota rod time reduction by 25% and grip strength 

by 40% confirmed peripheral neuropathy in group II, which 
was significantly improved in treatment groups (rota-rod 
performance, Fig. 2c, p < 0.01 and grip strength, Fig. 2d, p < 
0.05 and p < 0.001 for III and IV resp.) compared to group 
II. The grip strength reduction aligns with another study about 
peripheral neuropathy [36]. 

Hot and cold hyperalgesia
As listed in Table 2, reduced tail immersion time in hot 

(by 56%, p < 0.001) and cold (by 42%, p < 0.001) water in the 
cisplatin control group indicates an increased sensitivity to pain 
(Hyperalgesia), a known symptom of peripheral neuropathy 
[37]; improved with treatment (p < 0.001) in both the dosage 
groups III and IV (Fig. 2a and b). Hyperalgesia is one of the 
critical symptoms of neuropathic pain in patients, seen in 15%–
50% of individuals with peripheral or central neuropathy [38]. 
According to the underlying mechanism, tissues get invaded, 
leading to signaling and expression changes of non-specific 
ionic and specific potassium and sodium channels [39–42]. 

Nerve conduction study
Severe reduction (p < 0.001) in sciatic NCV was 

found in the cisplatin control group over the normal group. 
The ACREE treatment, both 250 mg/kg and 500 mg/kg doses, 
showed improved NCV (p < 0.001) (Fig. 3) over cisplatin 
control, indicating nerve functionality reversal against cisplatin-
induced deficits. NCV reduction could be due to myelin thickness 
reduction caused by cisplatin toxicity [43–45], and the myelin 
abnormality could be due to Schwann cells apoptosis by cisplatin 
[46]. The demyelination observed in these studies also explains 
the NCV reduction in the cisplatin group and the possibility of 
myelin regeneration with ACREE treatment showing increased 
NCV. Though the mechanisms underlying CIPN and NCV 
reduction are not fully revealed, the available evidence suggests 
oxidative stress was one of the major culprits. The reactive oxygen 
species (ROS) formation was elevated in cisplatin-exposed 
neurons [47,48]. Cisplatin also causes mitochondrial injuries in 
DRG neurons [49]. Higher ROS levels, along with mitochondrial 
dysfunction, cause oxidative stress. Therefore, it is also possible 
that the favorable effects of ACREE on these impairments in 
CIPN models are due to oxidative stress reduction. To support 
this, the oxidative stress parameters (SOD, CAT, MDA, and 
GSH) were evaluated in the current study. 

Inflammatory markers and oxidative stress parameters
hs-CRP (Fig. 4), TNF-α, and Interleukin (IL6) (Fig. 

5a and b) data showed severe inflammation with cisplatin-

Figure 1. Body weight across test groups. Values are in Mean ± SEM, n = 6. 
###: p < 0.001 with respect to normal group, ***: p < 0.001, **: p < 0.01, *:p < 
0.05 with respect to cisplatin group. 

Table 2. Effect of ACREE on food and water consumption, body weight, and behavioral parameters. 

Evaluation parameter I (Normal control) II (Cisplatin control) III (Cisplatin + ACREE 250 
mg/kg)

IV (Cisplatin + ACREE 500 
mg/kg)

Food consumption  
(gm/day/animal)

27.7 ± 0.570 21.0 ± 0.370### 25.4 ± 0.557*** 23.3 ± 0.640ns

Water Intake  
(ml/day/animal)

28.0 ± 0.742 34.5 ± 1.14### 29.7 ± 0.595** 32.2 ± 0.926ns

Weight (gm) 292 ± 10.5 198 ± 1.82### 278 ± 11.9*** 254 ± 17.7*

Hot Hyperalgesia (second) 8.85 ± 0.44 3.8 ± 0.1### 5.45 ± 0.191*** 8.07 ± 0.09***

Cold Hyperalgesia (second) 15.1 ± 0.8 8.87 ± 0.3### 11.3 ± 0.2*** 14.8 ± 0.2***

Motor coordination (second) 185 ± 18.1 39.5 ± 6.04## 92.8 ± 7.66** 191 ± 23.1**

Grip strength (newton) 702 ± 26.1 433 ± 24.4### 535 ± 18.6*** 677 ± 30.2***

Values are in Mean ± SEM, n = 6. ##: p < 0.001, ##: p < 0.01 with respect to normal group, ***: p < 0.001, **: p < 0.01, *:p < 0.05, ns: p > 0.05 with respect to 
cisplatin group.
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Figure 2. Behavioural evaluation of ACREE treatment: a) Hot hyperalgesia, b) cold hyperalgesia, c) rota-rod performance, and d) grip strength. Values are in Mean ± 
SEM, n = 6. ###: p < 0.001 with respect to normal group, ***: p < 0.001, **: p < 0.01, *:p < 0.05 with respect to cisplatin group.

Figure 3. Effect of ACREE treatment on NCV. Values are in Mean ± SEM, n = 
6. ###: p < 0.001 with respect to the normal group, ***: p < 0.001 with respect 
to the cisplatin group.

Figure 4. ACREE treatment effect on hs-CRP level. Values are in Mean ± SEM, 
n = 6. ###: p < 0.001 with respect to the normal group, ns: p > 0.05, ***: p < 
0.001, ns p > 0.05 with respect to the cisplatin group. 
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caused neuropathic damage indication [15]. Additionally, 
the NF-kß overexpression, resulting from increased protein 
kinase C, ROS, and advanced glycation end products caused 
by leukocytic infiltration, contributes to the peripheral neuron 
degeneration and reduction in TNF-α, IL6, neuronal growth 
factor, and IL1ß levels [50]. ACREE showed anti-inflammatory 
and analgesic properties via inhibiting NF-kß and TNF-α 
pathways [51]. ACREE treatment on CIPN models in this study 
showed inflammation reduction (hs-CRP, TNF-α, IL6) (p < 
0.001), as detailed in Table 3. 

CAT, an antioxidant enzyme, and reduced GSH, an 
antioxidant level, dropped to <40% from normal (p < 0.001); 
the same was confirmed by lowered oxidative stress markers 
SOD (p < 0.001) and elevated MDA (p < 0.001). All the markers 
mentioned above were improved with ACREE treatment 
(Table 3, Fig. 6). A study by Jiang et al. [47], suggested ROS 
generation elevation in cisplatin-exposed neurons. Another 
research [48,52] revealed cisplatin-induced oxidative stress due 

Figure 5. ACREE effect on Inflammatory markers: a) TNF-α and b) IL-6. Values in Mean ± SEM, n = 6. ###: p < 0.001 with respect to normal group, *: p < 0.05, **: 
p < 0.01, ***: p < 0.001, with respect to cisplatin group.

Table 3. Effect of ACREE treatment on inflammatory markers and oxidative stress parameters. 

Evaluation 
parameter

I (Normal control) II (Cisplatin control) III (Cisplatin + ACREE 
250 mg/kg)

IV (Cisplatin + ACREE 
500 mg/kg)

Inflammatory markers hs-CRP 1.55 ± 0.34 9.08 ± 0.41### 8.1 ± 0.47ns 3.91 ± 0.48***

TNF-α 24.4 ± 9.52 510 ± 17.8### 238 ± 11** 110 ± 7.82***

IL6 27.1 ± 29.7 485 ± 42.4## 342 ± 33.2* 142 ± 31***

Oxidative stress 
parameters 

SOD 5.14 ± 0.17 3.74 ± 0.13### 4.65 ± 0.19** 5.02 ± 0.19***

CAT 2.24 ± 0.27 0.91 ± 0.13## 1.7 ± 0.14* 2.14 ± 0.16***

MDA 8.6 ± 1.05 37.4 ± 5.56### 22 ± 3.27* 14.4 ± 3.11**

GSH 109 ± 7.11 41.5 ± 3.83### 67.3 ± 7.35* 92.2 ± 6.56***

Values are in Mean±SEM, n = 6. ###: p < 0.001, ##: p < 0.01 with respect to normal group, ***: p < 0.001, **: p < 0.01, *:p < 0.05, ns: p > 0.05 with respect to 
cisplatin group. 

to mitochondrial dysfunction (caused by mitochondrial defects 
in dorsal root ganglion neurons) and increased ROS levels. 
Also, an inhibition of oxidative stress was associated with NCV 
improvement [53]. 

SOD, CAT, GSH, and MDA level alterations from 
groups I to II and then II to III and IV in this study showed 
cisplatin-induced oxidative stress and its reduction with ACREE 
treatments. 

Histopathology study
Sciatic nerve histopathology (staining with H&E) 

was performed to confirm the effect of ACREE treatment on 
neuro-morphology. As shown in Figure 7A, the normal control 
group had typical myelinated nerve fibers with intact myelin 
sheath. In contrast, the cisplatin control group showed moderate 
nerve fiber degeneration (arrow) and demyelination (Fig. 
7B). ACREE-treated groups had restored neuro-morphology 
with myelin sheath, appearing closer to normal, indicating 
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the neuroprotective role of ACREE (Fig. 7C and D). These 
morphological observations align with NCV, oxidative stress, 
and inflammatory parameter evaluations. Also, the cisplatin-
induced neuro-morphological defects observed are in line with 
cisplatin neurotoxicity histopathological results in another 
study by [54].

Although the results in rat models are promising, 
extensive clinical trials are needed to transition from lab trials 
on rats to medicinal use in humans. Other challenges that any 
medicinal plant needs to address are flawless identification 
of ACR and type of extract, standardization, and repeatable 
and reliable extraction process. Without extensive study, it is 
challenging to say whether plant extraction method and source 
or origin affect drug concentration. This study gives hope for 
effectively managing CIPN clinically based on its effectiveness 
in rat models. However, extensive quantitative analysis would 
be needed to establish the appropriate human dosage and 
uncover any safety risks.

Figure 6. ACREE treatment effect: a) SOD, b) CAT, c) MDA, and d) GSH. Values in Mean ± SEM, n = 6. ##: p < 0.01, ###: p < 0.001 with respect to normal group, 
*: p < 0.05, **: p < 0.01, ***: p < 0.001, with respect to cisplatin group.

Figure 7. Representative photos of sciatic nerve sections (Haematoxylin-eosin 
(H & E) stain with magnification 40x): (A) Normal control group showing 
normal myelinated nerve fibers; (B) Cisplatin control group showing focal 
areas of demyelination and moderate degeneration of nerve fibers (arrows); (C 
and D) A. calcarata (Haw.) Roscoe extract treated (250 mg/kg and 500 mg/kg) 
groups showing normal appearance of nerve fibers with a myelin sheath. 
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CONCLUSION
This study demonstrates ACREE’s neuroprotective 

effect in ameliorating CIPN’s detrimental impact in rat models. 
Through comprehensive observations like hot and cold 
hyperalgesia amelioration, oxidative stress and inflammation 
alleviation, improved motor coordination, and promoted nerve 
revival by limiting and reverting functional and structural (sciatic 
nerve morphology) damage, ACREE shows counteraction against 
cisplatin-induced neurotoxicity in rat models.  detrimental impact 
in rat models. Through comprehensive observations like hot and 
cold hyperalgesia amelioration, oxidative stress and inflammation 
alleviation, improved motor coordination, and promoted nerve 
revival by limiting and reverting functional and structural (sciatic 
nerve morphology) damage, ACREE shows counteraction against 
cisplatin-induced neurotoxicity in rat models. This novel finding 
could improve cancer patient survival and life quality. Further 
research is recommended to elucidate the precise mechanisms 
of ACREE’s protective effects and explore its integration with 
existing cancer treatments to effectively neutralize the impact of 
CIPN.
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