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	 Inflammation is a protective physiological response that may cause tissue damage 
when prolonged. Copper–amino acid complexes, including Cu(L-alanine)2, have been reported 
to possess various biological activities. However, their anti-inflammatory potential remains 
underexplored. This study evaluated the in vivo anti-inflammatory effects of Cu(L-ala)2 using 
three experimental models in rats: acetic acid-induced peritoneal vascular permeability, 
carrageenan-induced paw edema, and nitric oxide (NO) production in paw tissue. Rats were 
divided into four groups (n = 6) and treated with vehicle control (1% DMSO), indomethacin 
(10 mg/kg), or Cu(L-ala)2 at doses of 2 or 20 mg/kg. Acetic acid markedly increased vascular 
permeability, which was significantly inhibited by Cu(L-ala)2 by 74.1% (2 mg/kg) and 81.23% 
(20 mg/kg). In the paw edema model, both doses significantly reduced inflammation compared 
with the control, with the 2 mg/kg dose showing the greatest inhibition (63.79%) at 1 hour. In 
contrast, Cu(L-ala)2 produced only a moderate reduction in NO levels, reaching statistical 
significance only at 20 mg/kg (27.56%), while indomethacin showed a stronger effect (46.28%). 
Overall, Cu(L-ala)2 demonstrated significant anti-inflammatory activity by reducing vascular 
permeability and edema formation. However, its limited effect on NO production suggests that 
its mechanism of action may be largely NO-independent. Further studies are required to clarify 
its molecular targets, dose–response behavior, and therapeutic potential.

Keywords: Animal models; Anti-inflammatory; Cu(L-Alanine)2; Paw edema;
Peritoneal vascular permeability.

	 Inflammation underlies many major 
noncommunicable diseases (NCDs), including 
cardiovascular disease, diabetes, cancer, and 
autoimmune disorders, which together account 
for about 75% of global deaths. The global 

economic burden of NCDs is estimated to exceed 
US$30 trillion over recent decades, driven by 
direct healthcare costs and indirect losses from 
reduced productivity and disability. Consequently, 
inflammation-related diseases represent one of 
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the largest and fastest-growing economic burdens 
worldwide, particularly in aging and low- to 
middle-income populations.1,2

	 The interaction of metal complexes with 
nucleic acids and their constituents has been of 
interest to bioinorganic chemistry, especially 
since the discovery of cisplatin and its analogs. 
These studies have contributed to the development 
and comprehension of new chemotherapeutic 
medications meant to treat a variety of diseases.  
Copper (Cu) complexes of non-steroidal anti-
inflammatory drugs (NSAIDs) have been found to 
be more effective than their parent drugs in many 
recognized models of inflammation.3 Although 
these low-toxicity copper medications have not 
yet made it to the general public, they are of great 
interest because many anti-inflammatory drug 
treatments, such as those based on NSAIDs, are still 
either largely ineffective or have problematic side 
effects related to the kidneys, gastrointestinal tract, 
and heart. However, the source of Cu-NSAIDs’ 
anti-inflammatory and gastric-sparing properties 
is yet unknown.4 In order to better understand 
the anti-inflammatory characteristics of copper 
complexes with amino acids, namely the Cu(L-ala)2 
molecule, in inflammation-induced experimental 
models with regard to enhanced permeability and 
edema production in rats, this study was conducted. 
The effect of Cu(L-ala)2 compound on the level 
of nitric oxide (NO); a permeability-regulating 
molecule, is also investigated.
	 Copper, an essential trace element required 
for enzymes and animal tissues in biological 
systems in both the +1 and +2 valence states, is 
found in redox metalloenzymes, oxygenation, and 
oxygen-carrying proteins. The binding of copper 
ions to specific sites may change the conformational 
configurations of proteins, polynucleotides, DNA, 
and biomembranes.5 In addition to its benefits, 
copper (II), Cu2+, has been linked to a number 
of illnesses, including Wilson’s disease, Menkes 
disease, Alzheimer’s disease, Parkinson’s disease, 
prion disease, and other neurodegenerative 
diseases. This is because the redox-active copper 
ions produce a toxin that causes reactive oxygen 
species (ROS) to be produced through a Fenton 
or Haber-Weiss mechanism.6 There are a number 
of studies that relate copper as being an important 
element during inflammation. The discovery that 
metallic Cu may dissolve in perspiration and be 

absorbed via the skin provided a possible scientific 
foundation for the anti-inflammatory Cu bracelet 
treatment. It is thought that copper has anti-
inflammatory properties. The distribution of copper 
in the blood varies in patients with osteoarthritis 
and RA. For example, arthritis patients’ total serum 
copper levels have been shown to be higher than 
those of controls.4 According to Ji et al.,5 copper 
ions have a strong affinity for DNA and can 
change the conformational structures of proteins, 
polynucleotides, DNA, and biomembranes by 
adhering to certain sites.  Recently we have 
reported that Cu(Phen)(C-dimethylglycine)NO3 
significantly proliferation of colorectal carcinoma 
(HT-29) and ovarian carcinoma (A2780) cells.7  

Thus, the general objective of this study is to study 
the anti-inflammatory effects of administrating Cu 
(L-ala)2 on inflammation induced in experimental 
rat models.

MATERIALS AND METHODS

Chemicals and Reagents
	 Cu (L-ala)2 was kindly provided by 
Department of Chemistry, Faculty of Science, 
University of Malaya. Indomethacin and Griess 
reagent (Sigma-Aldrich, Malaysia), acetic acid 
(J.T. Baker, Thailand), chloroform (Scharlau 
Chemie S.A., European Union), ethyl alcohol 
(Fisher Scientific, Malaysia), Carrageenan powder, 
Evans blue dye and all other standard chemicals 
are from Sigma-Aldrich, Malaysia. 
Experimental Animals
	 Male Sprague-Dawley rats weighed 
180-200 g and housed at Animal House in 
Faculty of Medicine and Health Medicine and 
Health Sciences, UPM, prior to and during the 
experiments. The room temperature for rats were 
maintained at 27-30oC with 12 hours of light and 
dark cycles. Pelleted feed and tap water stored in 
water bottles were provided ad libitum throughout 
the study. The animals were acclimated for a week 
to the animal house condition. The animals were 
grouped prior to experiment with six rats per 
each group. The animals used in this study were 
approved under the reference number UPM/FPSK/
PADS/BR-UUH/00455 by Animals Care and Use 
Committee (ACUC), Faculty of Medicine and 
Health Sciences, UPM.
	 24 rats were selected randomly and 
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divided into 4 groups per experiment.  All 
treatments were administered orally by using oral 
gavage needle. Negative controls received dosed 
vehicle (1% DMSO in DH2O), positive control 
received 10 mg/kg Indomethacin, treatment groups 
2 and 20 mg/kg Cu(L-ala)2. New rats were used for 
each experiments of Acetic acid-induced Peritoneal 
Vascular Permeability, Carrageenan-induced Paw 
Edema and Nitric Oxide Level Measurements.
Anti-inflammatory Experiments
	 Three anti-inflammatory experiments 
were performed; acetic acid-induced peritoneal 
vascular permeability, carrageenan-induced paw 
inflammation and nitric oxide level measurement 
during carrageenan-induced inflammation.
Acetic acid-induced Peritoneal Vascular 
Permeability Assay 
	 The acetic acid-induced peritoneal 
vascular permeability assay was employed to 
evaluate peripheral anti-inflammatory activity, 
as this model reflects the release of endogenous 
nociceptive mediators sensitive to non-steroidal 
anti-inflammatory drugs (NSAIDs).8,9 The 
procedure was adapted from Dantas et al.10 Rats 
were randomly assigned into four groups (n = 6 
per group). One hour after oral administration 
of test compounds or vehicle, Evans Blue (1%, 
0.05 mL/10 g body weight) was administered 
intravenously. After 10 minutes, acetic acid 
(0.7%, 0.05 mL/10 g body weight) was injected 
intraperitoneally. Thirty minutes later, animals 
were sacrificed, and the peritoneal cavity was 
washed with 10 mL of normal saline. The collected 
exudate was centrifuged at 3400 rpm for 15 
minutes, and Evans Blue concentration in the 
supernatant was quantified spectrophotometrically 
at 590 nm using a microplate reader (Tecan Infinite 
M200, Switzerland). Results were expressed as 
absorbance (A590).
Carrageenan-induced Paw Edema
	 The carrageenan-induced paw edema 
model was used to assess in vivo anti-inflammatory 
activity, as it is sensitive to non-steroidal anti-
inflammatory drugs and reflects both early and late 
inflammatory phases.11 The procedure was adapted 
from Huang et al.12 Twenty-four rats were randomly 
assigned to four groups (n = 6): vehicle control (1% 
DMSO), indomethacin (10 mg/kg), Cu(L-ala)‚  (2 
mg/kg), and Cu(L-ala)‚  (20 mg/kg), administered 
orally. One hour later, inflammation was induced 

by subplantar injection of 1% carrageenan (0.1 mL) 
into the right hind paw. Paw volume was measured 
using a plethysmometer (Ugo Basile, Model 7140) 
immediately after carrageenan injection and at 
1, 2, 3, 4, and 5 hours. Edema was calculated as 
the change in paw volume relative to baseline. 
The anti-inflammatory effect was expressed as a 
percentage inhibition of edema compared with the 
control group13.
Nitric oxide (NO) level from carrageenan-
induced paw edema
	 Nitric oxide production during acute 
inflammation was assessed using the Griess 
reaction, as the L-arginine–NO pathway is 
involved in carrageenan-induced inflammatory 
responses. The procedure was adapted from 
Huang et al.12 Twenty-four rats were randomly 
assigned to four groups (n = 6) and pre-treated 
as described previously. One hour after oral 
administration, paw inflammation was induced 
by subplantar injection of 1% carrageenan (0.1 
mL) into the right hind paw. After one hour, 
animals were sacrificed, and approximately 1.6 
g of paw tissue was collected, homogenized in 
cold distilled water, and centrifuged at 8000 rpm 
for 10 minutes. Supernatant samples (50 ìL) were 
mixed with an equal volume of Griess reagent in 
a 96-well plate, incubated for 10 minutes at room 
temperature, and absorbance was measured at 548 
nm using a microplate reader (Tecan Infinite M200, 
Switzerland).
Statistical Analysis
	 All data in the figure and text were 
expressed as mean ± SEM. Statistical analysis was 
performed using One-way ANOVA and was further 
analyzed with Tukey post hoc test. p value lesser 
than 0.05 (p<0.05) was considered significant.

RESULTS

Effects of Cu (L-Ala)2 on Acetic acid-induced 
Peritoneal Vascular Permeability
	 In this inflammatory model, increased 
of vascular permeability was caused by the 
inflammation induced by acetic-acid. The 
peritoneal exudates were collected and the results 
of dye leakage were recorded and showed in Table 
1. Oral pretreatment of Cu(L-ala)2 compound at 
2 and 20 mg/kg significantly reduced (p <0.05) 
the increased in peritoneal vascular permeability 
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Table 1. Effects of Cu (L-ala)2 on increased peritoneal vascular 
permeability induced by acetic acid

Treatment 	 Dose (mg/kg) 	 Dye Leakage(ìg/rat) 	 % Inhibition 

Negative control 	 - 	 16.65 ± 2.26a 	 - 
Positive control (Indomethacin) 	 10 	 5.92 ± 2.08b 	 64.46 
Cu (L-ala)2 	 2 	 4.31 ± 1.25b 	 74.1 
	 20 	 3.13 ± 0.76b 	 81.23 

Values are mean ± SEM, n= 6
a-b: mean with different superscript differ significantly (p<0.05) between groups

Fig. 1. Mean paw volume of carrageenan-induced paw edema. 
Values represent mean ± SEM (n = 6).
a-b: Mean with different superscripts differ significantly (p<0.05) in the same group
x-y: Mean with different superscripts differ significantly (p<0.05) between the group
Number in parenthesis are percentage inhibition calculated from the values obtained 1 hour after injection of 
carrageenan (maximal edema induction) when compared to negative control.

compared to the negative control group which 
was the non-treated group (16.645 ìg/rat ± 2.263). 
Standard drug-treated group (Indomethacin) also 
showed a significant reduction (p < 0.05) in the 
increased in peritoneal vascular permeability 
when compared to the negative control group. 
When comparing between standard drug-treated 
group and compound treated group, the result 
showed there was no significant difference between 
them. There was also no significant difference 
when compared between the compound treated 
groups. Between the 2 and 20 mg/kg of Cu(L-ala)2 
compound, the compound at 20 mg/kg showed 
the lowest dye leakage in peritoneal vascular 
permeability (3.128 ìg/rat ±0.762) compared to 
2 mg/kg of compound (4.312 ìg/rat ±1.25). The 
percentage of inhibition of dye leakage of each 
treatment with their respective doses were shown 
in Table 1. 20 mg/kg of Cu(L-Ala)2 compound 
showed the highest percentage of inhibition (81.23 
%) compared to 2 mg/kg of Cu(L-ala)2 (74.1%). 

Standard drug-treated group showed the lowest 
percentage of inhibition (64.46 %). There was no 
significant difference among the treated groups.
Effects of Cu (L-ala)2 on Carrageenan-induced 
Paw Edema
	 The paw volume was evaluated six 
times at intervals of one hour in this inflammatory 
investigation. Figure 1 displays the mean paw 
volume of carrageenan-induced paw edema 
assessed at -1, 0, 1, 2, 3, 4, and 5 hours. Subplantar 
injection at the right paw of rats had led to a 
quadratic and time- dependent increase in paw 
volume. All the six times measurement there was 
significantly different in the mean of paw volume 
(P<0.05) in Cu(L-ala)2 compound treatment groups 
compared to the non-treated group. Indomethacin 
(positive control) also showed significant different 
to non-treated group. The treatment group of 2 mg/
kg and 20 mg/kg Cu(L-ala)2 also show a  significant 
difference (p<0.05). When analyzed for each 
hour, the paw volume was increased significantly 
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Table 2. Effect of the Cu (L-ala)2 on carrageenan-induced on the NO level of paw tissue

Treatment	 Dose (mg/kg)	 NO level (µM/g)	 % inhibition

Negative control	 -	 40.08±2.5a	 -
Positive control(Indomethacin)	 10	 21.53± 2.4b	 46.28
Cu(L-ala)2 compound	 2	 33.91± 4.29a	 15.38
	 20	 29.04±2.71ab	 27.56

Values are mean ± SEM, n=6
a-b: Mean with different superscript differ significantly (p<0.05) between groups

Fig. 2. Changes of paw volume (mL) on carrageenan-induced paw edema rats after carrageenan injection.
a-c: Mean with different superscripts differ significantly (p<0.05) in each hour

(p<0.05) by the time of carrageenan injection (0 
hour) and was maximal (0.19 ml ± 0.04) at the first 
hour after injection of carrageenan in the negative 
control group. Then the paw volume started to 
decrease slightly at hour 2 until fifth hour. In 
the drug-treated group (Indomethacin), the paw 
volume increased significantly (p<0.05) at 0 hour 
and started to decrease significantly from the first 
hour until the fourth hour. At the fifth hour, the paw 
volume did not show any significant difference 
compared to the prior treatment hour (-1). On 
the other hand, the compound-treated group, 
which was the 2mg/kg Cu(L-ala)2 did not show 
any significant increase starting from the prior 
treatment hour (-1) until the fifth hour, as with 20 
mg/kg Cu(L-ala)2 group. 
	 When compared between groups, at the 
first hour, the standard drug-treated group rats 
showed reduction of paw volume when compared 
to the compound-treated group of rats at both 
concentration (2 and 20mg/kg), but there was no 

significant different among these three groups. 
All the comparison only taken at the first hour 
due to the maximal edema induction was on the 
first hour. Following carrageenan injection into 
the hind paw, the percentage inhibition of edema 
in rats with carrageenan-induced paw edema was 
determined by calculating the mean increase in 
paw volume data, as illustrated in Figure 1. Edema 
was calculated as a percentage by deducting the 
control paw’s volume from the treated paw’s. The 
results acquired in the first hour following the 
carrageenan injection, when the maximum edema 
induction takes place, were used to compute the 
percentage of inhibition. Based on the Figure 2, 
the compound-treated group treated with 2mg/
kg and 20mg/kg Cu(L-ala)2 showed significantly 
inhibition (p<0.05) which are 63.79% and 62.06% 
respectively compared with non-treated group 
of rats at the first hour. In addition, standard 
drug-treated (Indomethacin) group also showed 
significantly inhibition (p<0.05) which is 43.96% 
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when comparing with non-treated group at the 
first hour. Between compound-treated group and 
standard drug-treated (Indomethacin) also showed 
significant (p<0.05) inhibition between these two 
groups. However, compound-treated group at 
2mg/kg and 20mg/kg Cu(L-ala)2 did not show any 
significant different throughout the 5 hours.
Effects of Cu (L-ala)2 on Measurement of Nitric 
Oxide Level
	 In this inflammation study, measurement 
of nitric oxide was measured by addition of Griess 
reagant. Nitric oxide (NO) was produced by the 
injection of 1% carrageenan (0.1ml/rat) into the 
rats paw. The paw tissue of the rats was obtained, 
homogenized and mixed with Griess Reagant to 
produce colour intensity. Based on result shown 
in Table 2, treatment group which were 2 mg/kg 
and 20 mg/kg Cu(L-ala)2 did lower NO level (33.9 
µM/g ±4.29 and 29.04 µM/g ±2.71) but it was not 
significant compared to non-treated group (40.08 
µM/g ± 2.5). On the other hand, standard drug-
treated group (Indomethacin) showed significantly 
reduced (P < 0.05) the increased in NO level when 
compared with the negative control group. There 
was no significant difference between the 2 and 20 
mg/kg of Cu (L-ala)2 in the reduction of NO level. 
However, NO level were significantly reduced 
when comparing 2 mg/kg Cu(L-ala)2 with standard 
drug-treated group (21.53 µM/g ± 2.49).
	 Between 2 and 20 mg/kg of Cu(L-ala)2, at 
20 mg/kg showed the lowest concentration of NO 
(29.04 µM/g ±2.71) compared to 2 mg/kg (33.91 
µM/g ±4.29). Percentage of inhibition on the NO 
level of paw tissue for each treatment with their 
respective dosages was shown in Table 2. The 
maximal percentage of inhibition was produced 
by Indomethacin which was 46.28% and it was 
significantly different compared to non-treated 
group. Meanwhile, between the 2 and 20 mg/
kg of Cu(L-ala)2, 20 mg/kg showed the higher 
percentage of inhibition (27.56%) compared to 2 
mg/kg (15.38%). However, both of this compound-
treated group did not show significant reduction in 
NO level.

DISCUSSION

	 Acetic acid–induced peritoneal vascular 
permeability is a well-established model of 
acute inflammation characterized by enhanced 

microvascular leakage and leukocyte migration, 
reflecting early inflammatory mediator release.14,15 
The present findings confirm that acetic acid 
induces significant vascular permeability, consistent 
with previous reports describing concentration-
dependent irritation and inflammatory exudation.16 

Oral administration of Cu(L-ala)‚  at both 2 and 
20 mg/kg significantly reduced Evans Blue dye 
extravasation, indicating suppression of vascular 
leakage during the acute inflammatory phase. This 
reduction suggests interference with mediator-
driven increases in endothelial permeability, 
potentially involving prostanoids, kinins, and 
cytokines released by mast cells and macrophages 
(TNF-á, IL-1â) following acetic acid challenge.17 
The comparable inhibitory effect of Cu(L-ala)
‚  to indomethacin supports the possibility that 
this copper complex may modulate inflammatory 
signaling pathways linked to cyclooxygenase 
activity, as NSAIDs reduce vascular permeability 
primarily through COX inhibition.18,19 However, 
unlike classical NSAIDs, copper complexes have 
been reported to exert anti-inflammatory effects 
through additional redox-related mechanisms, 
including modulation of oxidative stress and 
inflammatory cell activation.20,21 This distinction 
is important, as NSAIDs are associated with 
gastrointestinal toxicity due to prostaglandin 
suppression,19 whereas copper-based complexes 
have been proposed as alternatives with potentially 
different safety profiles, though this remains 
controversial and requires further validation.
	 Carrageenan-induced paw edema is a 
biphasic inflammatory model22 involving early 
mediator release (histamine, serotonin, bradykinin) 
and a later phase dominated by prostaglandins, 
NO, cytokines, and neutrophil infiltration.12,23 
The present study demonstrates that Cu(L-ala)
‚  significantly reduced paw edema across the 
observation period, confirming its in vivo anti-
inflammatory activity. Notably, the lower dose 
(2 mg/kg) exhibited stronger or earlier inhibition 
of edema than the higher dose (20 mg/kg) at 
certain time points. This apparent non-linear 
dose–response warrants careful interpretation. 
Biologically, such an effect may reflect hormesis, 
saturation of active binding sites, or differential 
redox behavior of copper complexes at higher 
concentrations, where excess copper may exert 
competing pro-oxidant effects. Similar non-
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monotonic dose–responses have been reported 
for metal-based anti-inflammatory compounds.24 
Statistically, the small group size (n = 6) may also 
limit sensitivity in detecting subtle dose-dependent 
differences, emphasizing the need for larger cohorts 
and pharmacokinetic evaluation.
	 Compared with indomethacin, Cu(L-ala)
‚  demonstrated a more sustained anti-edematous 
effect at later time points, aligning with findings by 
Agotegaray et al.24 that copper complexes maintain 
anti-inflammatory activity beyond the peak 
inflammatory phase. This supports the hypothesis 
that Cu(L-ala)‚  may act not only via COX-related 
pathways but also through suppression of oxidative 
and neutrophil-mediated mechanisms. Copper’s 
reported superoxide dismutase (SOD)-mimetic 
activity25 provides a plausible explanation, as 
scavenging of superoxide radicals may indirectly 
limit prostaglandin synthesis and leukocyte-driven 
edema progression. Nevertheless, the precise 
molecular targets remain unresolved, and the 
assumption of direct COX inhibition by Cu(L-ala)‚  
remains speculative, despite similarities to NSAID 
responses.8,25

	 Nitric oxide is widely recognized 
as a mediator of inflammation, contributing 
to vasodilation, vascular permeability, and 
leukocyte recruitment during carrageenan-induced 
inflammation.26,27 Based on the established 
involvement of the L-arginine–NO pathway,10 it 
was hypothesized that Cu(L-ala)‚  would attenuate 
NO production. Contrary to this expectation, 
Cu(L-ala)‚  produced only modest and statistically 
insignificant reductions in NO levels, particularly 
at the lower dose, while indomethacin significantly 
suppressed NO production. This discrepancy 
highlights a key mechanistic limitation of the 
present findings: the anti-inflammatory effects 
of Cu(L-ala)‚  observed in vascular permeability 
and edema models do not appear to be primarily 
mediated through inhibition of NO synthesis. 
This finding is not entirely unexpected, as NO 
measurement in vivo is technically challenging 
due to its short half-life and rapid conversion into 
reactive nitrogen species.28 Moreover, previous 
studies have reported that copper complexes may 
exert anti-inflammatory effects independently 
of direct iNOS suppression, instead modulating 
oxidative balance or downstream signaling 
pathways.26 Thus, the minimal effect on NO 

observed here suggests that Cu(L-ala)‚  may act 
via NO-independent mechanisms, which contrasts 
with earlier mechanistic assumptions and warrants 
further investigation.29

	 S e v e r a l  l i m i t a t i o n s  s h o u l d  b e 
acknowledged. First, the study employed a single 
acute inflammation model for each assay, limiting 
generalizability to chronic or immune-mediated 
inflammation. Second, the small sample size reduces 
statistical power, particularly for dose-response 
comparisons. Third, mechanistic conclusions are 
constrained by the absence of molecular analyses 
(e.g., COX-2, iNOS, cytokine expression). Finally, 
toxicological and pharmacokinetic data were not 
assessed, precluding conclusions regarding safety 
or therapeutic applicability.

CONCLUSION

	 This study demonstrates that Cu(L-ala)
‚  exerts significant anti-inflammatory effects in 
vivo by reducing acetic acid-induced vascular 
permeability and carrageenan-induced paw 
edema. These findings indicate that the compound 
effectively attenuates acute inflammatory responses, 
with efficacy comparable to indomethacin in 
certain parameters. However, the lack of significant 
nitric oxide suppression, particularly at lower doses 
which contradicts the initial mechanistic hypothesis 
that NO inhibition underlies its anti-inflammatory 
action.
	 The observation that the lower dose (2 mg/
kg) produced equal or stronger edema inhibition 
than the higher dose suggests a non-linear dose–
response, potentially driven by redox-related 
or pharmacodynamic factors rather than simple 
concentration dependence. Importantly, the data 
indicate that Cu(L-ala)‚  likely mediates its anti-
inflammatory effects through NO-independent 
pathways, possibly involving modulation of 
oxidative stress or inflammatory mediator release.
	 While these findings support the potential 
of Cu(L-ala)‚  as a copper-based anti-inflammatory 
agent, they also underscore the need for mechanistic 
clarification, expanded dose–response analysis, and 
comprehensive safety evaluation. Future studies 
incorporating molecular targets and chronic 
inflammation models will be essential to define 
the therapeutic relevance and limitations of this 
compound.
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