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Abstract  

In recent years, the use of herbal supplements has risen markedly, with many products readily accessible through 

online retailers. Despite their growing popularity, scientific evidence supporting their efficacy and safety remains limited. 

In this study, we investigated the therapeutic potential of a natural product, LekCapp, in alleviating knee pain in a rat 

model of osteoarthritis (OA). OA knee pain was induced by a unilateral intra-articular injection of 2 mg monoiodoacetate 

(MIA). LekCapp was administered orally once daily for 14 days following MIA injection, following a preventive 

treatment protocol. Pain - related behaviors were assessed using weight-bearing distribution and von Frey tests. 

Histological analysis of knee joints was performed to evaluate potential cartilage-protective effects. Additionally, blood 

chemical analysis and histological examination of digestive organs were conducted to assess potential systemic toxicity. 

The results showed that LekCapp significantly reduced knee joint swelling and pain in MIA-treated rats compared with 

vehicle-treated controls. Although its protective effect against cartilage damage was modest, LekCapp administration 

preserved normal serum biochemical profiles, and histological evaluation revealed no abnormalities in the livers, kidneys, 

or stomach. These findings suggest that LekCapp may provide a safe and effective option for relieving OA-related knee 

pain. 
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Introduction 

Knee joint pain has been associated with 

substantial healthcare expenses and impaired 

productivity for several decades [1]. Current treatments 

primarily involve pharmacological approaches, such as 

non-steroidal anti-inflammatory drugs (NSAIDs) and 

corticosteroid injections. However, these are often 

accompanied by serious side effects, including 

gastrointestinal ulceration and bleeding [2]. As a result,  

 

there is growing interest in developing less invasive 

alternatives with improved safety profiles and long-term 

efficacy. Herbal supplements derived from medicinal 

plants and natural products have emerged as promising 

candidates for managing knee joint conditions such as 

osteoarthritis (OA) [3]. 

Since the supplement industry is not required to 

conduct pre-market safety and efficacy testing, the 

https://orcid.org/0009-0003-4563-1682
https://orcid.org/0009-0005-0669-8328
https://orcid.org/0000-0002-1516-7431
https://orcid.org/0009-0005-5320-4060
https://orcid.org/0000-0003-2990-1235
https://orcid.org/0009-0008-2846-2449
https://orcid.org/0000-0003-3252-6405


Trends Sci. 2026; 23(5): 11749   2 of 18 

mechanisms of action for many products remain poorly 

understood [4]. Therefore, rigorous studies evaluating 

both the effectiveness and safety of dietary supplements 

are essential. To date, multi-ingredient herbal 

supplements have been increasing popularity. This study 

aimed to investigate the therapeutic potential of 

LekCapp, a patented multi-ingredient dietary 

supplement developed by Herbplus co., ltd., Thailand. 

According to the company, the formulation comprises 

hydrolyzed collagen, widely known for their role in 

restoring damaged cartilage [5] and extracts from 

various fruits and herbs known for their diverse 

pharmacological activities that may help alleviate OA 

pain, including acerola cherry, goji berry, turmeric, dong 

quai, reishi mushroom, ginseng and jiaogulan. Previous 

studies have demonstrated that several natural products 

possess antioxidant, anti-inflammatory, and 

chondroprotective properties relevant to osteoarthritis 

(OA). Acerola cherry [6] and goji berry [7] are rich in 

antioxidants that reduce reactive oxygen species, key 

contributors to age-related OA degeneration. Turmeric 

[8] and dong quai [9] have been extensively investigated 

in both preclinical and clinical studies for their 

antioxidant, anti-inflammatory, and chondro-protective 

properties. Reishi mushroom exhibits anti-nociceptive 

and anti-inflammatory activities in animal models of 

chronic inflammation [10], while ginseng extract has 

been reported to improve knee arthritis symptoms in 

clinical settings [11]. Additionally, jiaogulan has been 

reported to inhibit inflammatory mediators, attenuate 

pain, and restore cartilage integrity in animal models of 

inflammation [12]. Collectively, these findings support 

the potential of natural compounds in modulating OA 

progression and provide a rationale for exploring multi-

component formulations in disease management. 

Although LekCapp is readily available through 

online retailers in Thailand as a dietary supplement for 

individuals with symptomatic knee pain, there is limited 

scientific evidence supporting its efficacy in relieving 

knee joint pain under controlled experimental 

conditions. To address this gap, we evaluated knee joint 

pain-related behaviour, including nociceptive pain and 

mechanical allodynia, common and challenging 

symptoms of neuropathic pain, alongside structural joint 

pathology, using the well-established monoiodoacetate 

(MIA) model of knee joint pain in rats. In addition, 

biochemical blood analysis and histological 

examination of digestive organs were performed to 

assess potential systemic toxicity. The findings from this 

study will provide evidence-based support for the use of 

this supplement, enabling the general public, including 

those without a scientific background, to better 

understand its potential benefits and use it appropriately.  

 

Materials and methods 

Chemicals and reagents 

LekCapp (patented formulation, as shown in 

Table 1; manufacturer: Herb Plus Co., Ltd.; batch 

number: 01/02/2021) was used as provided. The detailed 

composition is as declared by the manufacturer (patent 

number: 2103000583). Only the characterization of 

turmeric was performed in this study. HPLC-grade 

acetonitrile was purchased from Honeywell Burdick & 

Jackson (Muskegon, MI, USA). Glacial acetic acid and 

methanol were purchased from Merck (Darmstadt, 

Germany). HPLC-grade water was obtained from RCI 

Labscan Limited (Bangkok, Thailand). Curcumin 

primary standard (Product No. ASB-00003926), 

demethoxycurcumin primary standard (Product No. 

ASB-00004230), and bisdemethoxycurcumin primary 

standard (Product No. ASB-00004231) were obtained 

from ChromaDex (Irvine, CA, USA). MIA was 

purchased from Sigma-Aldrich (St Louis, MO, USA). 

All other reagents were of analytical grade unless 

otherwise noted. Celecoxib was obtained from Siam 

Pharmaceutical Co., Ltd. (Bangkok, Thailand). 

Methylcellulose was purchased from S. Tong chemicals 

Co., Ltd. (Bangkok, Thailand). Neutral buffered 

formalin and ethylenediaminetetraacetic acid (EDTA) 

were obtained from Ajax Finechem Pty., Ltd (New 

South Wales, Australia).  

 

Table 1 The composition of LekCapp as described by the product company. 

Ingredients Scientific names 
Extracted 

from 

Ratio 

(%) 
Supplier names 

Collagen Hydrolyzed Collagen Fish 71.54 CNABIOTECH Co., Ltd, Korea 
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Ingredients Scientific names 
Extracted 

from 

Ratio 

(%) 
Supplier names 

Acerola cherry Malpighia emarginata Fruit 7.43 Hunan Huacheng Biotech Inc., Hunan, China 

Turmeric Curcuma longa Rhizome 6.68 CAVACURMIN Curcumin complex, Adrian, MI, USA 

Dong quai Angelica sinensis Root 3.96 Fortress Hilltop LTD., Kowloon, Hongkong 

Jiaogulan Gynostemma pentaphyllum Leaf 3.71 Hunan Huacheng Biotech Inc., Hunan, China 

Goji berry Lycium barbarum Fruit 3.71 Guilin Layn Natural Ingredients Corp., Guilin, China 

Reishi mushroom Ganoderma lucidum Mushroom 2.23 Hunan Huacheng Biotech Inc., Hunan, China 

Korean ginseng Panax ginseng Root 0.74 Hunan Huacheng Biotech Inc., Hunan, China 

 

Composition of LekCapp 

LekCapp is a commercially available dietary 

supplement in capsule form, approved for human 

consumption in Thailand. The composition of LekCapp 

is outlined in Table 1, based on the product description 

provided by the manufacturer. 

 

Animals 

Forty-nine male Wistar rats (6-weeks of age, 160 - 

180 g) were obtained from Nomura Siam International 

Co., Ltd., Bangkok, Thailand. The animals were housed 

in an Association for the Assessment and Accreditation 

of Laboratory Animal Care (AAALAC) accredited 

facility under a 12-hour light/dark cycle, with a 

temperature of 22 ± 1 °C and humidity ranging from 

30% to 70%. They were provided access to standard 

commercial food and water ad libitum. Prior to initiation 

of experiments, the rats were acclimatized for a 

minimum of 5 days. All animal welfare and 

experimental procedures adhered to the ARRIVE 

guidelines and were approved by the Institutional 

Animal Care and Use Committee (IACUC) of the 

Faculty of Science, Mahidol University (Approval No: 

MUSC64-003-552). 

 

Knee pain model establishment and animal 

grouping 

Knee joint pain was induced under anesthesia 

using inhaled isoflurane (Attane™; 5% for induction; 

2% - 3% for maintenance). An intra-articular (i.a.) 

injection of 2 mg monoiodoacetate (MIA) dissolved in 

50 μL of 0.9% sterile saline (40 mg/mL) was 

administered into the intra-articular space of the right 

knee joint. The injection was performed through the 

intrapatellar ligament using a 26-G needle attached to a 

SGE syringe (250 µL). Meanwhile, control rats were 

administered an i.a. injection of 50 μL sterile saline, 

while the contralateral knee joint remained untreated. As 

illustrated in Figure 1, animals were randomly assigned 

to 6 experimental groups by an independent researcher 

using a simple randomization protocol to ensure 

unbiased allocation. The researcher responsible for 

group assignment was blinded to the treatment 

conditions, and allocation remained concealed until all 

behavioral data had been recorded and finalized to 

minimize selection and observer bias. Animals (≥ 6 

animals per group) were assigned to 6 experimental 

groups as follows: (1) Saline + vehicle (n = 6), (2) MIA 

+ vehicle (n = 7), (3) MIA + 10 mg/kg celecoxib (n = 8), 

(4) MIA + 200 mg/kg LekCapp (n = 6), (5) MIA + 400 

mg/kg LekCapp (n = 12), (6) MIA + 800 mg/kg 

LekCapp (n = 10). Sterile distilled water was used as the 

vehicle for oral administration. Celecoxib served as the 

positive control due to its well-documented pain-

relieving and anti-inflammatory properties [13]. The 

celecoxib dose was selected based on the study by 

Kockaya et al. [14]. The LekCapp doses were 

determined using the human equivalent dose (HED) 

calculation method described by Nair and Jacob [15], 

based on the recommended adult dose of approximately 

2,500 - 3,000 mg per day.
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Figure 1 Schematic diagram summarizing the experimental design. MIA or saline was administered via intra-articular 

injection, followed by daily oral treatment with vehicle, celecoxib, or LekCapp for 14 days. Behavioral and histological 

assessments were conducted at specified time points to evaluate joint swelling, pain-related behaviors, and tissue integrity. 

I.A.: Intra-articular. 

 

Experimental design 

Baseline measurements, including body weight, 

knee joint width, hind limb weight distribution, and von 

Frey filament tests, were conducted prior to MIA 

injection. One day after MIA-injection, animals were 

orally administered vehicle (sterile distilled water), 

celecoxib or LekCapp once daily for 14 consecutive 

days. LekCapp was prepared in sterile distilled water, 

while celecoxib was suspended in 0.5% 

methylcellulose. Rat body weights were measured every 

other day, and knee joint width was assessed on days 1, 

3, 5, 7, and 13 post-MIA injection. The von Frey 

filament test was performed on days 2, 6, 10, and 14 

post-MIA injection, while hind limb weight distribution 

was evaluated on days 3, 7, and 13 post-MIA injection. 

After 14 days of subacute oral dosing, rats were 

euthanized by intraperitoneal injection of an overdose of 

thiopental (100 mg/kg; Anesthal®, Scott-Edil Pharmacia 

Ltd., Solan, India). Terminal blood samples were 

collected via the posterior vena cava. The knee joints of 

the injured hind limb were harvested for further 

evaluation of the cartilage-protective effect of the test 

compounds. Additionally, the stomach, liver, and 

kidneys were collected for safety assessment of the test 

compounds. 

 

Assessment of pain-like behaviors 

Pain-like behaviors were assessed using the hind 

limb weight bearing distribution (HLWD) test and von 

Frey paw withdrawal threshold measurements at various 

time points. The HLWD test was conducted using an 

incapacitance meter (Columbus Instruments), as 

previously described [16]. Briefly, animals were 

allowed to acclimate in an acrylic chamber, with each 

paw placed on a separate sensor pad to record weight 

distribution. The weight (g) borne by the left 

(contralateral) and right (ipsilateral) hind limbs was 

measured in 10 consecutive readings per rat, and the 

average value was calculated. Mechanical allodynia was 

assessed using von Frey filaments (Touch Test® Sensory 

Evaluator), following the methodology previously 

described by Chaplan et al. [17]. Briefly, rats were 

placed individually in wire mesh cages and acclimatized 

for at least 15 min to minimize stress-induced 

variability. Calibrated von Frey filaments ranging from 

2 to 16 g were applied perpendicularly to the plantar 

surface of the ipsilateral hind paw, starting with the 

lowest force and gradually increasing force until a 

withdrawal response (paw withdrawal, licking, or 

flinching) was observed. The paw withdrawal threshold 

(PWT) was defined as the lowest filament force (g) that 

elicited a response, based on 3 independent 

measurements taken at 5-min intervals. All testing was 

performed by the same experimenter, who was blinded 

to the treatment groups. Detailed methodology for each 

test can be found in Supplemental method 1. 

 

Knee joint width measurement 

Knee joint swelling (inflammation) was measured 

on days 0, 1, 3, 5, 7, and 13 post-MIA injection using a 

digital Vernier caliper (resolution: 0.01 mm, SV-03-050, 

E-Base Measuring Tools Co., Taiwan). This 

measurement served as an indicator of joint 
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inflammation, as previously described [18]. Detailed 

methodology is provided in Supplemental method 2. 

 

Histopathological examination 

As described in Supplemental method 3, coronal 

sections of the knee joints were stained with 

hematoxylin and eosin (H & E) and safranin-O/fast 

green to assess general morphology and proteoglycan 

content, respectively. The severity of articular cartilage 

damage was blindly quantified by 2 independent 

observers using the Mankin histologic scoring system 

[19]. H & E staining of the stomach, liver and kidneys 

was also performed, with evaluation based on 

histological criteria, including gastric lesion scoring at 

the forestomach (non-glandular keratinized epithelium) 

and glandular regions (fundus and pylorus) [20] (Tables 

S1 and S2). For a semi-quantitative comparison of 

structural changes, abnormalities in liver and kidney 

tissue sections were graded on a scale from 0 (normal 

structure) to 3 (severe pathological changes), as 

previously described [21] (Tables S3 and S4). Images 

were captured using a Nikon Eclipse Ci light 

microscope equipped with a Nikon DS-Ri2 camera, and 

image acquisition was performed with NIS-Elements 

BR software (version 5.21.00). 

 

Biochemical blood analysis 

Following terminal blood collection, serum was 

obtained by centrifugation at 3,000 rpm for 10 min at 4 

°C. The serum was then sent to the Vet Central Lab 

(Bangkok, Thailand), a commercial testing laboratory, 

for analysis of potential liver and kidney toxicity. Liver 

function parameters assessed included aspartate 

aminotransferase (AST), alanine aminotransferase 

(ALT), alkaline phosphatase (ALP), albumin, and total 

protein. Kidney function was evaluated by measuring 

blood urea nitrogen (BUN) and creatinine levels.  

 

Reversed-phase high-performance liquid 

chromatography (RP-HPLC) analysis of LekCapp 

RP-HPLC was conducted to identify the presence 

of curcumin, and its derivatives, following methods 

described previously [22,23]. Detailed methodological 

procedures are provided in Supplemental method 4. 

 

 

 

Statistical analysis 

 Data are presented as the mean ± standard error of 

the mean (SEM) for each measurement within each 

treatment group. All graphs and statistical analyses were 

performed using GraphPad Prism version 6.0.1 

(GraphPad Software, La Jolla, CA, USA). Sample sizes 

were determined based on our previous studies, which 

indicated that at least 6 animals per group would provide 

sufficient statistical power. The Shapiro-Wilks test was 

used to assess the normality of the data. Scoring 

parameters and biochemical blood analysis were 

evaluated using non-parametric tests, including the 

Kruskal-Wallis test with Dunn’s post hoc analysis. Pain 

behavioral tests and knee joint width measurements 

were analyzed with a 2-way analysis of variance (2-way 

ANOVA), followed by post hoc Bonferroni multiple 

comparison tests. A p-value less than 0.05 was 

considered statistically significant. 

 

Results and discussion 

LekCapp prevented the development of pain-

like behaviors in MIA-induced knee pain 

In the weight-bearing distribution test (Figure 

2(a)), a marked reduction in the mean% hindlimb weight 

distribution (HLWD) was observed at 3 days post-MIA 

injection in all MIA-treated rats, while no change 

occurred in the vehicle-treated saline-injected group. At 

this time-point, the mean ± SEM% HLWD in the 10 

mg/kg celecoxib-treated group decreased from 50.37 ± 

0.15 on day 0 to 33.82 ± 2.67 on day 3 (p < 0.01) 

compared to a decline from 50.13 ± 0.09 to 26.28 ± 1.41 

in the vehicle-treated MIA group. However, this 

significant anti-nociceptive effect of celecoxib was 

transient, lasting only up to 7 days post-MIA injection. 

By day 13 post-MIA injection, rats treated with 

LekCapp at 400 mg/kg (41.50 ± 0.88; p < 0.0001) and 

800 mg/kg (43.24 ± 1.15; p < 0.0001) showed 

significantly improved %HLWD compared to the 

vehicle-treated MIA-injected group (33.42 ± 1.61). This 

improvement was not significantly different from that 

observed in the celecoxib-treated group (38.10 ± 2.50; p 

> 0.05). 

As shown in Figure 2(b), similar to the weight-

bearing distribution test, mechanical allodynia of the 

ipsilateral hind limb was markedly reduced in all MIA-

treated groups, except the vehicle-treated saline-injected 

group, by 2 weeks post-MIA injection. Celecoxib (10 
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mg/kg/day) exhibited the most significant anti-allodynic 

effect, which persisted for up to 10 days before 

diminishing. Notably, after 14 days of treatment, paw 

withdrawal thresholds (PWTs; mean ± SEM) were 

significantly improved in rats receiving LekCapp at 400 

mg/kg/day (9.61 ± 0.76; p < 0.05) and 800 mg/kg/day 

(10.33 ± 0.77; p < 0.01), compared to the vehicle-treated 

MIA group (7.14 ± 0.40). However, these values were 

not significantly different from those observed in the 

celecoxib-treated MIA group (9.00 ± 1.13; p > 0.05). 
 

 

 

Figure 2 Orally administered LekCapp (400 and 800 mg/kg/day) according to a prevention protocol attenuated the 

development of pain-like behaviors in MIA-injected rats over a 14-day treatment period. (a) Mean percentage of hind 

limb weight-bearing distribution and (b) Mean paw withdrawal threshold values measured in the ipsilateral hind limb of 

MIA-injected rats. Data are expressed as mean ± SEM. Statistical significance was determined using ordinary 2-way 

ANOVA, followed by post hoc Bonferroni multiple comparison tests. p < 0.05 (*), p < 0.01 (**), p < 0.001 (***) and p 

< 0.0001 (****) were considered statistically significant. 

 

LekCapp reduced MIA-induced knee swelling 

in rats. 

One day post-MIA injection, all experimental 

groups, excepted the vehicle-treated saline-injected 

group, exhibited maximal knee swelling (Figure 3). By 

day 3 post-MIA injection, a downward trend in mean ± 

SEM change (Δ) in knee width was observed in all MIA-

injected groups. The most pronounced reduction 

occurred in the celecoxib-treated group (10 mg/kg), with 

knee swelling decreasing from 2.76 ± 0.18 on day 1 to 

0.55 ± 0.12 mm on day 3 (p < 0.0001), compared to the 

vehicle-treated MIA group (3.27 ± 0.31 to 2.03 ± 0.33 

mm). Similarly, rats treated with daily oral LekCapp at 

400 mg/kg and 800 mg/kg showed significant reductions 

in knee swelling from day 1 to day 3: 400 mg/kg: 2.75 ± 

0.28 to 0.97 ± 0.16 mm (p < 0.0001) and 800 mg/kg: 

2.67 ± 0.22 to 1.12 ± 0.14 mm (p < 0.01). By day 13 

post-MIA injection, no significant differences in knee 

swelling were observed among the experimental groups 

and the vehicle-treated MIA group. The vehicle-treated 

saline-injected group maintained consistent Δ knee 

width throughout the study, showing no signs of 

inflammation.
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Figure 3 LekCapp (400 and 800 mg/kg/day), administered according to a prevention protocol, significantly reduced joint 

swelling in MIA-injected rats by day 3 post-dosing. Changes in knee joint width (Δ knee width) were measured to assess 

joint swelling. Data are expressed as mean ± SEM. Statistical analysis was performed using ordinary 2-way ANOVA, 

followed by post hoc Bonferroni multiple comparison tests. p < 0.01 (**), and p < 0.0001 (****) were considered 

statistically significant. 
 

 

 

 

 

 

 

 

LekCapp had a minor effect on cartilage 

damage in MIA-induced osteoarthritis rats 

At 14 days post-injection, vehicle-treated saline-

injected rats displayed intact articular cartilage with 

normal histological architecture (Figures 4(a) and 4(b)). 

In contrast, vehicle-treated MIA-injected rats exhibited 

severe pathological changes, including cartilage surface 

tears, cleft extending to the transitional zone, 

subchondral bone destruction, loss of safranin-O 

staining, and chondrocyte hypocellularity (Figures 4(c) 

and 4(d)). Treatment with celecoxib (10 mg/kg) did not 

prevent the progression of cartilage degeneration 

(Figures 4(e) and 4(f)). Notably, rats treated with 

LekCapp at 400 mg/kg (Figures 4(g) and 4(h)) and 800 

mg/kg (Figures 4(i) and 4(j)) showed histological 

improvement compared to the vehicle-treated MIA 

group, although the effect was modest. Quantitatively, 

the mean ± SEM Mankin score for the vehicle-treated 

MIA group (9.81 ± 0.61) was significantly higher than 

that of the saline-injected control group (1.58 ± 0.37; 

p < 0.05) (Figure 4(k)). However, no significant 

difference was found between the 800 mg/kg LekCapp 

group (10.07 ± 0.64) and the vehicle-treated MIA group 

(9.81 ± 0.61), indicating limited chondroprotective 

effects. Due to the minimal impact observed at higher 

doses, histological analysis was not conducted for the 

lower dose of LekCapp (200 mg/kg). 
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Figure 4 Oral administration of LekCapp (400 and 800 mg/kg/day), following a prevention protocol, did not significantly 

improve cartilage degeneration in MIA-induced OA rats. Representative histological images of articular cartilage stained 

with H & E and Safranin O/fast green from the following groups are shown: (a,b) Saline + vehicle (n = 6), (c,d) MIA + 

vehicle (n = 7), (e,f) MIA + celecoxib 10 mg/kg (n = 8), (g,h) MIA + LekCapp 400 mg/kg (n = 12) and (i,j) MIA + 

LekCapp 800 mg/kg (n = 10). Scale bars 200 µm. (k) Quantification of cartilage damage using the Mankin score. Thin 

black arrows indicate chondrocyte hypocellularity; thick black arrows indicate severe reduction of Safranin-O staining; 

white arrows indicate blood vessel crossing the tidemark. CT: Cleft to transitional zone; CC cleft to calcified zone; CR 

cleft to radial zone. Data are expressed as mean ± SEM. Statistical significance was determined using the Kruskal-Wallis 

test with Dunn’s post hoc comparison. p < 0.05 (*) was considered statistically significant. 

 

Subacute oral toxicity study of LekCapp  

No behavioral abnormalities, clinical signs of 

toxicity, or mortality were observed in any treatment 

groups during the 14-day administration period. As 

shown in Figure 5, the mean ± SEM body weight gain 

in all experimental groups remained comparable to that 

of the age-matched vehicle-treated saline-injected and 

MIA-injected control groups throughout the dosing 

period. Furthermore, there were no significant 

differences (p > 0.05) in biochemical markers of liver 

and kidney function between the vehicle-treated saline 

group and the MIA-injected groups treated with vehicle, 

10 mg/kg celecoxib (MIA + Celecoxib), or 800 mg/kg 

LekCapp (MIA + 800 mg LekCapp), as presented in 

Table 2. These findings indicate that oral administration 

of LekCapp, even at the highest tested dose, was well-

tolerated and did not induce systemic toxicity under the 

conditions of this study. 
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Figure 5 Oral administration of LekCapp did not affect body weight in rats. No significant changes in body weight were 

observed among the treatment groups throughout the 14-day dosing period. Data are expressed as mean ± SEM. 

 

 

Table 2 Biochemical blood analysis. 

Biochemical parameters Liver function test Kidney function test 

Groups 
ALT 

(U/L) 
AST (U/L) ALP (U/L) 

Albumin 

(g/dL) 

Total 

Protein 

(g/dL) 

Creatinine 

(mg/dL) 

BUN 

(mg/dL) 

Saline + Vehicle (n = 6) 37.2 ± 3.7 102.5 ± 11.3 260.0 ± 44.9 2.7 ± 0.1 5.5 ± 0.3 0.7 ± 0.0 21.8 ± 1.3 

MIA + Vehicle (n = 7) 35.9 ± 3.8 92.7 ± 8.6 248.1 ± 27.2 2.6 ± 0.1 5.3 ± 0.1 0.6 ± 0.0 22.0 ± 0.7 

MIA + Celecoxib (10 mg/kg) (n = 8) 33.4 ± 2.2 84.1 ± 4.1 217.3 ± 13.4 2.6 ± 0.1 5.5 ± 0.2 0.6 ± 0.0 20.3 ± 1.5 

MIA + LekCapp (800 mg/kg) (n = 10) 34.7 ± 2.6 92.5 ± 6.0 211.0 ± 11.6 2.6 ± 0.1 5.4 ± 0.1 0.6 ± 0.0 22.7 ± 0.8 

 

 

Histopathological evaluation of gastrointestinal 

tract, liver, and kidneys 

As shown in Figure 6(a), no significant 

histological changes were observed in the forestomach, 

fundic, or pyloric regions of the stomach across all 

treatment groups. Specifically, there was no evidence of 

epithelial erosion, hemorrhage, or inflammation 

(histological score = 0; Table S5), indicating the 

absence of gastric mucosal toxicity. Similarly, no 

significant histopathological alterations were detected in 

the liver or kidneys of any group (score = 0), as indicated 

by the absence of hepatic degeneration, necrosis, and 

inflammatory cell infiltration in the liver (Figure 6(b); 

Table S6), and the lack of tubular degeneration, 

necrosis, or renal hemorrhage in the kidneys (Figure 

6(c); Table S7). Mild findings such as fatty infiltration 

of hepatocytes, tubular cast, and crystals deposit were 

occasionally observed (score = 1) in a few animals 

across all experimental groups, suggesting non-specific 

background changes rather than treatment-related 

toxicity.  

In this study, histopathological evaluations were 

initially conducted on tissue samples from animals 

treated with LekCapp at 400 and 800 mg/kg. The 

corresponding results for the 400 mg/kg group are 

provided in Tables S5 and S6. However, only 

representative histological images from the 800 mg/kg 

group are presented in the main figures. No abnormal 

morphology or histological lesions were observed in any 

tissues examined from animals receiving either 400 or 

800 mg/kg of LekCapp. Based on these findings, 

histopathological assessment was not performed for the 

lower dose group (200 mg/kg). 
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Figure 6 LekCapp did not induce significant histopathological changes in the stomach, liver or kidneys of MIA-injected 

rats treated with LekCapp or celecoxib, compared to vehicle-treated saline-injected controls. (a) Representative 

histological images of the rat stomach, showing the forestomach and glandular regions. K = Keratinized epithelium; M = 

Muscularis mucosae; G = Glandular epithelium. Scale bar = 50 μm. (b) Histological findings of liver tissue. H = Hepatic 

parenchyma; V = Hepatic vessel. and (c) Histological findings of kidney tissue. G = Renal glomerulus; T = Renal tubules. 

Scale bar at 20 μm. 

 

 

Identification of the constituents of LekCapp 

To explore the potential bioactive compounds 

responsible for the observed pain-relieving effects of 

LekCapp, we conducted a preliminary phytochemical 

investigation focusing on its turmeric content. This 

focus was based on extensive prior research 

demonstrating the analgesic and anti-inflammatory 

properties of curcumin in OA and neuropathic pain 

models [24-28]. Chromatographic fingerprinting and 

quantification of the 3 major curcuminoids, including 

bisdemethoxycurcumin, demethoxycurcumin and 

curcumin, were performed using reverse-phase high-

performance liquid chromatography (RP-HPLC). A 

gradient elution system comprising 2% acetic acid in 

water and acetonitrile was employed as the mobile 

phase, enabling the separation of all 3 curcuminoids in a 

single run within an acceptable time frame.  The 

presence of these curcuminoids was confirmed in the 

LekCapp formulation, with the concentration ratio of 

bisdemethoxycurcumin: demethoxycurcumin: curcumin 

measured at 1.56:0.49:1.00. The HPLC chromatogram 

of the LekCapp capsules is shown in Figure 7. 
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Figure 7 Representative HPLC chromatogram of LekCapp capsules. Each capsule contained 3 known marker compounds 

from turmeric: Bisdemethoxycurcumin (peak 1), demethoxycurcumin (peak 2), and curcumin (peak 3). The quantities of 

these compounds were 1.53 mg% relative standard deviation (%RSD = 1.53), 1.24 mg (%RSD = 1.62) and 2.50 mg 

(%RSD = 1.53), respectively (n = 6). The average total weight per capsule was 446.79 mg. HPLC conditions: Stationary 

phase: VDSpher PUR 100 C18-E (250×4.6 mm2 i.d., 5 µm); mobile phases: A = 2% (v/v) acetic acid in water, B = B: 

Acetonitrile; gradient elution: 40% B for 15 min, ramped to 100% B at 20 min; flow-rate: 1 mL/min; detection 

wavelength: 254 nm; injection volume: 20 µL. 

 

Natural products are increasingly recognized as 

dietary supplements for managing knee joint pain 

conditions such as OA due to their potential to protect 

cartilage, reduce inflammation, and promote cartilage 

repair with minimal side effects [29]. In this study, we 

investigated whether LekCapp could alleviate knee joint 

pain in a well-established rat model of OA induced by 

MIA. We hypothesized that LekCapp would reduce 

knee joint swelling and pain during the acute 

inflammatory phase following MIA injection. Our 

findings demonstrated that daily oral administration of 

LekCapp (400 - 800 mg/kg/day) significantly reduced 

knee swelling and attenuated pain-related behaviors, 

including mechanical allodynia and impaired weight-

bearing, in MIA-injected rats. These effects were most 

pronounced during the early phase, supporting the 

hypothesis that LekCapp may mitigate acute 

inflammatory responses associated with OA.   

The MIA-induced OA model is well-established 

and widely used for studying joint pain and evaluating 

therapeutic interventions due to its ease of induction, 

reproducibility, and ability to replicate key features of 

human OA. Importantly, it captures both inflammatory 

and neuropathic pain components, along with 

progressive cartilage degradation, which are hallmarks 

of clinical OA [30]. Therefore, this model provides a 

relevant platform for assessing the anti-inflammatory 

and analgesic efficacy of LekCapp.  

Previous studies have shown that MIA injection 

induces extensive infiltration of macrophages into the 

infrapatellar fat pad/synovium as early as day 1 post-

injection, triggering a robust inflammatory response 

[31]. This inflammatory activity corresponds with the 

pronounced joint swelling observed on day 1 in our 

study. Between day 3 and 7 post-injection, further 

accumulation of inflammatory cells and extracellular 

matrix components contributes to the progression of 

joint pathology. Given this timeline, LekCapp 

administration was initiated on day 1 to target the acute 

phase of inflammation. Our results support this 

approach, as a significant reduction in knee joint 

swelling was observed in LekCapp-treated rats by day 3, 

compared to vehicle-treated MIA controls. These 

findings suggest that LekCapp may exert anti-
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inflammatory effects during the early phase of OA 

pathogenesis. This observation is consistent with 

previous studies reporting that several components of 

LekCapp possess anti-inflammatory properties. For 

example, Zhang and Zeng [32] reported that daily 

administration of curcumin, a major component of 

turmeric, attenuated knee joint swelling in the 

monosodium iodoacetate (MIA)-induced OA after 14 

consecutive days of treatment, which aligns with the 

results of our study. In addition, ginsenosides, another 

ingredient in the formulation, dose-dependently reduced 

MIA-induced knee joint swelling [33]. Joint swelling is 

a clinical feature of OA, reflecting synovitis caused by 

synovial thickening or effusion and serving as a clinical 

indicator of inflammation. Mechanistically, several 

studies have unveiled that mechanism underlying this 

pathogenesis is linked to elevated levels of tumor 

necrosis factor-a (TNF-a), interleukin-6 (IL-6) and 
interleukin-1β (IL-1β) in the knee synovium and capsule 

[34]. Furthermore, it is well established that 

inflammation is closely associated with oxidative stress. 

Acerola cherry has been previously reported to exert 

strong antioxidants and anti-inflammatory effects by 

reducing the secretion of pro-inflammatory cytokines, 

including IL-1β, IL-6 and TNF-α [35]. Given these 

findings, further studies are warranted to confirm the 

underlying mechanism of LekCapp. Specifically, 

examining pro-inflammatory cytokines and other 

molecular markers at early time points (e.g., days 1 and 

3 post-MIA injection) would help clarify the pathways 

through which LekCapp exerts its effects.  

Using the static weight-bearing test to assess 

nociceptive pain and von Frey filaments to evaluate 

mechanical allodynia, our key findings demonstrate that 

daily oral administration of LekCapp (400 and 800 

mg/kg) dose-dependently attenuated pain-related 

behaviors in the ipsilateral hind paw of MIA-injected 

rats over a 14-day period. These results suggest that 

prolonged administration of LekCapp is necessary to 

achieve sustained pain relief in the MIA-induced knee 

joint pain model. In contrast, the analgesic effect of 

celecoxib (10 mg/kg/day) declined after the first week 

of treatment, showing reduced efficacy beyond day 10 

post-MIA injection. This observation aligns with 

previous reports indicating that NSAIDs are ineffective 

in the later stages of MIA-induced OA. For instance, 

Jiang et al. [36] reported that NSAIDs failed to alleviate 

pain-related behavior after 10 days post-MIA injection. 

Similarly, Fernihough et al. [37] found that diclofenac 

and paracetamol were only effective within the first 3 

days post-injection. This decline in NSAIDs efficacy 

over time can be attributed to the evolving 

pathophysiology of the MIA model. While the early 

phase is dominated by acute inflammation, the later 

stages are characterized by progressive cartilage 

degradation and the development of a neuropathic pain, 

driven in part by central sensitization mechanisms in the 

spinal dorsal horn [38]. As such, conventional anti-

inflammatory drugs like NSAIDs may fail to address the 

chronic and neuropathic dimensions of OA pain, 

highlighting the need for alternative or adjunct 

therapies, such as LekCapp that may exert broader or 

more sustained analgesic effects.  

Previous studies have reported that collagen 

derivatives, the main component of LekCapp, as 

indicated by the manufacturer, may confer beneficial 

effects in OA and promote cartilage repair. Based on 

this, we evaluated the potential of LekCapp to prevent 

or reverse articular cartilage degradation in the MIA-

induced OA model. However, our results revealed only 

a modest cartilage-protective effect. The explicitly 

underlying mechanism of collagen, the major 

component of Lekcapp, may be partly explained by 

previous studies showing that hydrolyzed collagens 

exhibit high bioavailability, enabling absorption into the 

bloodstream and accumulation in cartilage tissue, where 

they stimulate chondrocytes to promote extracellular 

matrix synthesis [39]. However, although histological 

examination showed some improvements in cartilage 

structure in LekCapp-treated rats compared to vehicle-

treated MIA-controls, these differences did not achieve 

statistical significance. Specifically, persistent features 

of cartilage degeneration, including chondrocyte 

hypocellularity, proteoglycan loss, and vascular 

penetration through the tidemark, were still evident in 

the LekCapp-treated groups. These findings suggest that 

the dose and duration of treatment employed in this 

study may have been insufficient to produce measurable 

structural restoration. Cartilage repair is inherently a 

slow and complex biological process; therefore, a longer 

treatment period and/ or higher dosage of LekCapp may 

be necessary to achieve significant histological 

improvements. We propose that future studies 

incorporate extended treatment durations and 
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investigate additional dosing regimens to more 

accurately assess LekCapp’s potential as a disease-

modifying therapy for osteoarthritis.   

To assess the gastrointestinal and systemic safety 

of LekCapp at therapeutic doses, we evaluated blood 

biochemical parameters alongside histological 

examination of major internal organs. Across all 

treatment groups, animals remained in good general 

health, with no signs of toxicity as indicated by stable 

body weight, normal biochemical markers of liver and 

kidney function, and the absence of significant 

histopathological lesions. These findings suggest that 

oral administration of LekCapp at doses up to 800 

mg/kg/day for 14 days is well tolerated. While mild 

hepatic fatty infiltration, tubular casts, and crystal 

deposits were observed in some animals, including 

controls, these findings are consistent with background 

lesions commonly seen in healthy laboratory rats. Fatty 

liver changes have been documented as spontaneous 

occurrences in rats under normal conditions [40,41]. 

Similarly, the presence of renal casts (e.g., hyaline casts) 

and urinary crystals in small amounts is considered 

physiologically normal and not indicative of renal 

pathology [42]. Together, these results support the 

safety of short-term oral administration of LekCapp and 

warrant further investigation into its long-term safety 

profile. 

Given the technical limitations and the complex 

composition of LekCapp, our phytochemical 

investigation primarily focused on identifying the 

presence of turmeric-derived constituents. Curcumin, a 

well-known bioactive compound in turmeric, has been 

extensively studied for its role in alleviating neuropathic 

and inflammatory pain (25 - 28). Using RP-HPLC, we 

confirmed the presence of 3 major curcuminoids in 

LekCapp, including curcumin, bisdemethoxycurcumin, 

and demethoxycurcumin. It is therefore plausible that 

these curcuminoids may partially contribute to the 

analgesic effects observed in our study. However, the 

major bioactive constituents responsible for LekCapp’s 

overall analgesic effects remain undefined.  LekCapp 

contains multiple components beyond turmeric, 

including hydrolyzed collagen and other herbal 

ingredients, which were not characterized in the current 

study. Further research is warranted to identify and 

quantify the full spectrum of bioactive compounds in 

LekCapp and to determine the extent to which each 

contributes to its observed pain-relieving effects. Until 

such data are available, conclusion regarding the 

primary active constituents should be considered 

preliminary. 

This study has several limitations. First, we 

evaluated the effects of a commercially formulated and 

patented dietary supplement (LekCapp) without 

conducting an independent chemical characterization of 

its individual components. While this reflected the real-

world use of the marketed product, it limits our ability 

to attribute the observed effects to specific bioactive 

compounds. Future studies incorporating detailed 

phytochemical and analytical profiling are needed to 

identify which components, or combinations thereof, 

contribute to the pharmacological and histological 

outcomes. Second, this investigation provides 

preliminary evidence that oral administration of 

LekCapp attenuates knee joint pain-related behaviors 

over a 14-day period. However, the underlying cellular 

and molecular mechanisms driving these effects remain 

unclear. Further studies are necessary to elucidate the 

specific pathways involved in the modulation of pain 

and joint pathology, particularly under defined disease 

conditions. Third, the current study was conducted over 

a relatively short duration with a limited sample size. 

Larger-scale studies with extended treatment periods 

and comprehensive safety evaluations are required to 

confirm the reproducibility, generalizability, and 

translational relevance of these findings. Additionally, 

this study was restricted to a single animal model of knee 

pain and inflammation (MIA-induced OA), which may 

not fully represent the multifactorial nature of human 

OA or other joint disorders. Further preclinical 

investigations using diverse models, such as surgically-

induced OA, along with clinical trials in human subjects, 

are essential to validate the therapeutic potential and 

real-world applicability of LekCapp.  

 

Conclusions 

This study provides the first scientific evidence 

that oral administration of LekCapp, following a 

preventive protocol, alleviates knee joint swelling and 

produced dose-dependent pain relief in a rat model of 

MIA-induced knee joint pain. These effects were 

observed after daily administration for at least 14 days. 

While the findings are promising, additional studies are 

necessary to further validate these results, clarify the 
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underlying mechanisms, and assess the long-term safety 

and therapeutic potential of LekCapp in both preclinical 

and clinical setting. 
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Table S1 Criteria for scoring histological gastric lesions of forestomach. 

Criteria 
Score 

0 1 2 3 

Degree of erosion None Light Mild Severe 

Hemorrhage None Focal Mild Severe 

Inflammation None Light Mild Severe 

 

 

Table S2 Criteria for scoring histological gastric lesions of the glandular part. 

Criteria 
Score 

0 1 2 3 

Depth of erosion None 
Up to 1/3 of total 

mucosal depth 

Up to 2/3 of total 

mucosal depth 
Total mucosa 

Hemorrhage None Focal Mild Severe 

Inflammation None Light Mild Severe 

Apoptosis None Light Mild Severe 

 

 

Table S3 Criteria for scoring histological gastric lesions of liver. 

Lesions 
Score 

0 1 2 3 

Necrotic/degenerate hepatocytes 

Absent 

(0%) 

Mild 

(5% - 25%) 

Moderate 

(26% - 50%) 

Severe 

(> 50%) 

Fatty infiltration 

Hemorrhage 

Inflammatory cell infiltration 

 

 

Table S4 Criteria for scoring histological gastric lesions of kidneys. 

Lesions 
Score 

0 1 2 3 

Tubular degeneration/Necrosis 

Absent 

(0%) 

Mild 

(5% - 25%) 

Moderate 

(26% - 50%) 

Severe 

(> 50%) 

Hemorrhage 

Inflammatory cell infiltration 

(Interstitial nephritis) 

Glomerular abnormality 
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Table S5 Results of scoring histopathological lesions of stomach. 

Criteria 

Score 

Saline + 

Vehicle 

MIA + 

Vehicle 

MIA + 

10 mg/kg 

Celecoxib 

MIA + 

400 mg/kg 

LekCapp 

MIA + 

800 mg/kg 

LekCapp 

Forestomach 

Degree of erosion 

Hemorrhage 

Inflammation 

 

0 

0 

0 

 

0 

0 

0 

 

0 

0 

0 

 

0 

0 

0 

 

0 

0 

0 

Glandular stomach at fundus 

Necrotic/degenerate 

hepatocytes 

Hemorrhage 

Inflammation 

Apoptosis 

 

 

0 

 

0 

0 

0 

 

 

0 

 

0 

0 

0 

 

 

0 

 

0 

0 

0 

 

 

0 

 

0 

0 

0 

 

 

0 

 

0 

0 

0 

 

Glandular stomach at pylorus 

Necrotic/degenerate 

hepatocytes 

Hemorrhage 

Inflammation 

Apoptosis 

 

 

0 

 

0 

0 

0 

 

 

0 

 

0 

0 

0 

 

 

0 

 

0 

0 

0 

 

 

0 

 

0 

0 

0 

 

 

0 

 

0 

0 

0 

 

 

Table S6 Results of scoring histopathological lesions of liver. 

Criteria 

Score 

Saline + 

Vehicle 

MIA + 

Vehicle 

MIA + 

10 mg/kg 

Celecoxib 

MIA + 

400 mg/kg 

LekCapp 

MIA + 

800 mg/kg 

LekCapp 

Necrotic/degenerate 

hepatocytes 
0 0 0 0 0 

Fatty infiltration 0 - 1 0 - 1 0 - 1 0 - 1 0 - 1 

Hemorrhage 0 0 0 0 0 

Inflammatory cell infiltration 0 0 0 0 0 

 

 

Table S7 Results of scoring histopathological lesions of kidneys. 

Criteria 

Score 

Saline + 

Vehicle 

MIA + 

Vehicle 

MIA + 

10 mg/kg 

Celecoxib 

MIA + 

400 mg/kg 

LekCapp 

MIA + 

800 mg/kg 

LekCapp 

Tubular degeneration/Necrosis 0 0 0 0 0 

Hemorrhage 0 0 0 0 0 

Inflammatory cell infiltration 

(Interstitial nephritis) 
0 0 0 0 0 

Glomerular abnormality 0 0 0 0 0 

 


