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Abstract 

The high cost of modern wound dressings remains a burden for low-income patients. Formulating honey, gotu kola extract, 

and κ-carrageenan into a hydrogel film represents a promising, cost-effective alternative, given their sustainability, low cost, 

and natural abundance. The study aimed to determine the optimal formula for a honey/gotu kola/κ-carrageenan-based hydro-

gel film and to evaluate its wound-healing activity in a rat excision wound model, along with histopathology and immuno-

histochemistry. In this study, eight formulations of κ-carrageenan hydrogel were designed using a simple casting method with 

various honey concentrations (10 - 40%) and different plasticizers, namely sorbitol and glycerol. The formula with the lowest 

honey content and sorbitol as a plasticizer yielded the most transparent, thinnest film with the highest swelling capacity. 

Adding 0.5% w/w gotu kola extract still maintained its mechanical characteristics, high swelling capacity, and a preferable 

active content release profile. It significantly accelerated wound healing by creating unfavorable conditions for bacterial 

growth, inducing extracellular matrix and collagen type I depositions, and enhancing angiogenesis. 

 

Rezumat 

Acest studiu a avut ca obiectiv identificarea unei formule optime pentru un film de hidrogel pe bază de miere, gotu kola și κ-

caragenan și evaluarea activității de vindecare a plăgilor într-un model de excizie cutanată la șobolan, coroborat cu analize 

histopatologice și imunohistochimice. Au fost concepute opt formulări de hidrogel cu κ-caragenan, utilizând metoda simplă 

de turnare, cu concentrații variate de miere (10 - 40%) și diferiți plastifianți, respectiv sorbitol și glicerol. Formula cu cel mai 

scăzut conținut de miere și cu sorbitol ca plastifiant a generat filmul cel mai transparent, cel mai subțire și cu cea mai mare 

capacitate de umflare. Adăugarea extractului de gotu kola în proporție de 0,5% (m/m) a menținut caracteristicile mecanice ale 

filmului, capacitatea ridicată de umflare și un profil favorabil de eliberare a compușilor activi. Filmul obținut a accelerat 

semnificativ procesul de vindecare a plăgilor prin crearea unor condiții nefavorabile dezvoltării bacteriene, stimularea 

depunerii matricei extracelulare și a colagenului de tip I, precum și potențarea angiogenezei. 
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Introduction 

Wounds remain a global burden, especially chronic 

and unhealed wounds (1). In 2022, the cost of wound 

care ranged from $6.04 to $148.65 billion per year 

in the top 10 high-spending countries and continues 

to rise geographically (2). Modern dressings based 

on the moist environment principle are extensively 

applied to treat various wounds (3). A moist wound 

environment facilitates autolytic debridement, re-

duces pain and scarring, and activates or enhances 

the function of biochemical factors and cells, such 

as collagen and keratinocytes, that play an im-

portant role in wound healing (4). The chronic 

wound needs a long-term application of the dress-

ing. Consequently, it imposes a significant burden 

on low-income patients (5). Therefore, the devel-

opment of affordable wound dressings is essential. 

A huge number of different types of wound dressings 

are available on the market, i.e., gauze, transparent 

films, foam dressings, hydrogels, hydrocolloids, 

hydro-conductive dressings, medicated wound dress-

ings, and bioactive wound dressings (6). Semi-

permeable film dressings are versatile types of 

wound dressings that offer numerous benefits. They 

conform well to the contours of the patient's skin 

and are transparent, allowing for easy monitoring of 

wounds (7). These dressings also have gas permeabil-

ity, promoting angiogenesis while effectively blocking 

the passage of liquids and bacteria (8, 9). Film dress-

ings provide multiple benefits at various stages of 

wound healing, including contributing to granulation 

tissue growth, collagen deposition, and converting 

type III collagen to type I collagen during the re-

modeling phase (10). 
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Carrageenan-based dressings are particularly supe-

rior for several reasons, including their biocompati-

bility, biodegradability, and lack of cytotoxicity (11). 

As a natural polysaccharide, carrageenan offers addi-

tional advantages such as availability, reproducibil-

ity, and low cost (12). The primary source of carra-

geenan is κ-carrageenan, derived from red seaweed 

(Kappaphycus alvarezii). This seaweed is mainly 

farmed in Indonesia, the Philippines, Vietnam, and 

Malaysia, producing pure κ-carrageenan (13). Cati-

ons such as K+ can efficiently improve the texture 

properties of κ-carrageenan gels (14). It forms a film 

when combined with a plasticizer agent such as 

glycerol or sorbitol. Incorporating natural products 

with wound-healing properties into the kappa car-

rageenan-based hydrogel film can further accelerate 

wound healing. Substances such as honey and me-

dicinal plant extracts, including Aloe barbadensis, 

Centella asiatica, and Curcuma longa, are known 

for their wound-healing properties (15, 16).  

Honey contains hundreds of components that vary 

depending on the floral source and other factors (17). 

Its high sugar concentration reduces water activity and 

causes osmotic stress in bacteria, preventing infec-

tions in wounds (18). It also provides a local cellu-

lar energy source and other substances that may 

enhance cellular nutrition, promoting endothelial 

cell proliferation (19). The presence of hydroxyl 

groups in the phenolic compounds influences hon-

ey's antioxidant capacity (20). This antioxidant 

effect can presumably lower neutrophil superoxide 

production, acting as a free radical scavenger (21). 

Honey also promotes autolytic debridement, reduc-

ing slough in diabetic foot ulcers (22). Among all 

types of honey, the most well-known honey for 

healing wounds is Manuka honey (MH), which 

gained recognition for its antibacterial effect (23). 

Thus, numerous dressings containing MH are avail-

able on the market. Unfortunately, its price is 6 to 

25 times higher than that of other honey types (24).  

Centella asiatica, or gotu kola, a traditional medic-

inal herb, is known for its antibacterial, antioxidant, 

anti-inflammatory, neuroprotective, and wound-

healing properties (25). It promotes wound healing 

in the gastric ulcer rat model through enhanced 

angiogenesis, likely due to its stimulating effect on 

collagen I, fibroblast growth factor (FGF), and 

vascular endothelial growth factor (VEGF) produc-

tion (26). Gotu kola has also been shown to reduce 

inflammatory markers, including IL-1β, IL-6, 

TNFα, PGE2, COX-2, and LOX, in RAW 264.7 

cells and primary murine macrophages (27-30). 

Furthermore, it can inhibit the biofilm formation of 

Streptococcus mutans (31). 

Recent developments in bioactive wound dressings 

incorporating natural products show great potential 

for treating chronic wounds (32). In this context, 

combining a κ-carrageenan-based hydrogel film with 

honey and Centella asiatica (gotu kola) extract rep-

resents a promising strategy, particularly for the 

management of macerated and chronic wounds. The κ-

carrageenan matrix offers biocompatibility and high 

wound exudate absorption, while honey provides 

antimicrobial activity to inhibit bacterial growth. 

Simultaneously, Centella asiatica extract contributes 

multi-modal wound-healing actions that can accelerate 

tissue regeneration. 

 

Materials and Methods 

Materials 

κ-Carrageenan (purchased from PT Gumindo Per-

kasa Industri, Indonesia), honey (purchased from 

Kembang Joyo, Indonesia); Centella asiatica extract 

(PT Sari Alam, Indonesia), pure asiaticoside (pur-

chased from Markherb, Indonesia), sorbitol, potassium 

chloride (Merck), deionized water (WaterOne™). 

Preparations of κ-carrageenan-based hydrogel films 

with varying honey content and different plasticizer 

agents 

The hydrogel films containing 10%, 20%, 30%, and 

40% honey were prepared with different plasticizer 

agents (glycerol or sorbitol) by the solution-casting 

method with some modifications (33). Shortly 

thereafter, 2% w/w of κ-carrageenan was added to 

deionized water by stirring at 600 rpm; then 4% 

w/w of 0.5 N potassium chloride and 6% w/w of 

the plasticizer agent were added. The mixture was 

stirred continuously for 1 hour at 70 ± 2°C to com-

plete the ionic cross-linking reaction and initiate 

gelation (34). Furthermore, the honey with different 

concentrations was added to the mixture at 65 ± 

2°C. 35 g of the final solution of fresh hydrogel was 

then poured into the square silicone mold (10 cm x 

10 cm) and dehydrated at 37°C for 24 hours in the 

dehydrator (LocknLock™).  

Preparation of gotu kola/honey/κ-carrageenan-based 

hydrogel film  

The hydrogel film with 10% w/w of honey, and 0.5% 

and 1% w/w gotu kola extract was made with the 

same procedure as the previous hydrogel film. The 

extracts were initially mixed with honey before 

being added to κ-carrageenan-based hydrogel solu-

tions containing sorbitol as a plasticizer. 

Evaluation of dehydrated hydrogel film 

The fresh hydrogel film was put in a dehydrator 

(LocknLock) at 37°C and weighed at 0, 8, 12, and 

24 hours until it reached a constant weight (35). 

Drying shrinkage (%) = ∑  
Wt−W0

W0
× 100%

t

t=0
, 

Wt represented the hydrogel film’s weight at a 

certain time, and W0 represented the initial weight 

of the hydrogel film. 

Swelling capacity study 

The swelling ability of hydrogel films was meas-

ured according to the method of Singh et al. (2022) 
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(33). To perform the evaluation, the hydrogel sam-

ple, which had reached a constant weight, was 

immersed in a PBS (phosphate buffer saline) solu-

tion at pH 7.4 ± 0.5. The sample was weighed at 

various time intervals until it reached equilibrium. 

The swelling ratio of the hydrogel was calculated 

using: 

Swelling ratio (%) = [
(Ww−Wd)

Wd
] × 100. 

Here, Wd represented the initial weight of the hy-

drogel, and Ww represented the final weight of the 

hydrogel after it had reached a constant weight. 

Film thickness and transparency 

The film thickness of the developed formulas was 

measured at 9 positions using a micrometer, and 

film transparency was determined by spectropho-

tometry according to Norajit et al. (2010) with 

some modifications (36). Rectangular samples of 

the films (9 mm x 35 mm) were cut and placed into 

the cell spectrophotometer (Beckman Colter DU 

720™), and their light transmission was scanned 

between 400 nm and 800 nm using air as a control. 

Mechanical characteristics study (thickness, tensile 

strength, elongation at break, and elastic modulus) 

The mechanical characteristics of the honey/gotu 

kola/κ-carrageenan-based hydrogel film evaluated 

include thickness, tensile strength, elongation at 

break, and elastic modulus, as reported by Jaiswal et 

al. (2019) (37). Three films were cut into rectangu-

lar pieces measuring 10 mm x 90 mm using a razor 

blade. Each film's thickness was measured using a 

digital micrometer, and the average thickness was 

calculated. Measurements of tensile strength, elon-

gation at break, and elastic modulus were performed 

using a universal tensile strength tester (Instron®). 

The grip distance was set to 50 mm, with a tensile 

speed of 50 mm/min and a force of 500 N. 

In vitro active content release studies 

The release of active substances from the hydrogel 

film was determined by measuring the asiaticoside 

and reducing sugar content, representing gotu kola 

extract and honey, respectively. The release of active 

substances was evaluated using the method outlined 

by Namazi et al. (2016) with some modifications (38). 

A 500 mg sample of hydrogel film was placed in an 

Erlenmeyer flask containing 10 mL of PBS. The 

flask was then incubated at 37°C with a thermostatic 

shaker set to 50 rpm. At 1, 4, 8, 24, and 32 hours, 1 

mL of PBS was collected. After each extraction, an 

equal volume of PBS at the same temperature was 

added. 

Asiaticoside content at each sampling time and in 

the extract was measured by LC-MS-MS using a 

pure asiaticoside standard (39). Meanwhile, the re-

ducing sugar content from honey for each sampling 

time was determined using the DNSA (3,5-

dinitrosalicylic acid) method and measured on a 

microplate reader at 540 nm (Nanoquant Plate™) 

(40).  

The actual amount of each asiaticoside and reduc-

tion sugar of honey released from the hydrogel film 

were calculated according to the equation: 

Cumulative release (%) = ∑  
Mt

M0
× 100%

t

t=0
, 

Mt is the cumulative amount of asiaticoside or re-

ducing sugar of honey released at time intervals t, 

and M0 is the initial amount of asiaticoside or re-

ducing sugar present in the sample. 

Preparations of an animal 

10 - 12 weeks old male Wistar rats (200 - 250 g) 

were received from CV. Kencana Lab Pengembangan 

Hewan, Indonesia. The rats were acclimatized for 7 

days under a 12 h dark/light cycle at 25 ± 2°C and 60-

70% relative humidity. 

In vivo wound healing study 

The study protocol was approved by the Ethics 

Committee of the School of Pharmacy, Bandung 

Institute of Technology, Indonesia (KEP/I/2023/XI/ 

H031123SM/PLHM). All experiments were carried 

out following the animal ethics guidelines of the 

School Pharmacy Bandung Institute of Technology to 

minimize the suffering of animals. The wound exci-

sion model was made according to the Masson-

Mayers et al. (2013) method with some modifica-

tions. The rat was anesthetized with urethane (625 

mg/kg, intraperitoneally). After the removal of the 

hair on the animal's back, 4 circular excision 

wounds were made symmetrically on the back of the 

rat using surgical scissors with a diameter of 13 mm 

(41). Each wound randomly represents the Untreat-

ed Group, the positive Control Group (50 mg of 

Medihoney™ (a commercial wound gel containing 

100% MH), and 2 groups of honey/Centella extract/κ-

carrageenan based hydrogel film with 10 w/w of hon-

ey and 0.5% w/w of Centella extract (H10CA0.5) 

and with 10% w/w of honey and 1% w/w of Centel-

la extract (H10CA1) cut 15 mm x 15 mm in size to 

cover the wound surface. Each wound was treated, 

except in the Untreated Group, and covered with 

medical tape (Isopore®) and gauze, then re-covered 

with medical tape and gauze twice a day for 21 

days. 

Wound condition was documented daily using a 50-

megapixel digital camera at a consistent distance to 

evaluate wound closure. The wound area was 

measured by tracing the wound perimeter with a 

transparent plastic sheet every day and analyzed with 

ImageJ software. The equation calculated wound 

closure: 

Wound closure (%) = (1 −
open wound area

initial wound area
) × 100. 

Histopathological study 

The animals from 3-, 7-, 14-, and 21-day post-

treatment were euthanized in a CO2 chamber, and 
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the skin tissues were harvested and immediately 

fixed in 10% (v/v) formalin. Then, the fixed tissue 

samples were processed, embedded in paraffin, and 

sectioned to 5 μm thickness. The sections were 

stained with hematoxylin and eosin (H&E), and 

Masson’s trichrome was then examined under a 

light microscope (Olympus BX51) to observe the 

wound healing phase journey after treatment. The 

photos were obtained using a microscope connected 

to a digital camera. The collagen index of 21 days 

tissues was performed by histomorphometry meth-

od (42). 

Immunohistochemistry study 

Immunohistochemical staining for TNF-alpha was 

performed on paraffin sections from 3 days post-

treatment to evaluate the inflammatory phase. 

Meanwhile, the sections from 7-, 14-, and 21-day 

post-treatment were stained using immunohisto-

chemistry with CD34 as the marker for angiogene-

sis. 

Statistical analysis 

The data were illustrated and analyzed using GraphPad 

Prism 10.2.3 (403) software. Two-way analysis of 

variance (ANOVA) and Post hoc comparison tests 

were done using Tukey’s test. Film thickness and 

collagen index were analyzed by One-way ANOVA. 

p-values of < 0.05 were considered statistically 

significant. 

 

Results and Discussion 

Determination of optimum honey content and plas-

ticizer agent of hydrogel film 

Achieving a high honey content while maintaining 

good film dressing characteristics required finding 

an optimum level. Furthermore, selecting an appro-

priate plasticizer was crucial for improving the film's 

integrity and water vapor permeability. The subse-

quent variation in honey and plasticizer content directly 

influenced the fresh hydrogel's shrinking capacity, 

with significant differences observed after 8 and 12 

hours of dehydration. In formulations using glycer-

ol as the plasticizer (Figure 1A), the shrinkage 

capacity decreased gradually from 82.76% to 

60.79% as the honey content increased from 10% to 

40% w/w. A similar trend was observed with sorbi-

tol as the plasticizer, although the decrease was 

slightly larger, from 84.44% to 59.85% (Figure 1B). 

Consequently, both the honey content and the type 

of plasticizer had a significant effect on the result-

ing film thickness (Figure 1C & Figure 1D). 

 

 
Figure 1. 

Drying process of fresh hydrogel and the impact on film thickness. Drying shrinkage of hydrogel film formula 

with a variation of honey content and glycerol (A) and sorbitol (B) as a plasticizer. The values are given as mean ± 

standard error of the means (n = 3). The film thickness of the hydrogel film formula with a variation of honey con-

tent and glycerol (C) and sorbitol (D) as a plasticizer. The values are given as mean ± standard error (n = 9). 

HFG: hydrogel film glycerol, HFS: hydrogel film sorbitol. P-values are shown as *, p < 0.05; **, p < 0.001; 

***, p < 0.0001; ****, p < 0.00001. The statistical significance of differences is indicated * vs. each group 
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In evaluating total light transmission to determine 

film transparency, the results showed that all films 

exhibited a gradual increase in transmission from 

400 nm to 600 nm, followed by a decrease at 800 

nm. At each measured wavelength, formulations 

containing 10-40% w/w honey with glycerol as the 

plasticizer showed lower light transmission (Figure 

2A). Among these, the hydrogel film with 40% 

w/w honey and glycerol showed the lowest trans-

mission across the tested range, transmitting only 

16.44% to 58.83% of light. In contrast, the film 

containing 10% w/w honey and sorbitol as the 

plasticizer consistently exhibited the highest light 

transmission over 400-800 nm, making it the most 

transparent formulation. This film transmitted 76.7% 

of light at 400 nm, increasing to 100.67% at 600 nm, 

before gradually decreasing to 96.93% at 800 nm 

(Figure 2B). 

 

 
Figure 2. 

Evaluation of light transmission and swelling capacity in hydrogel films. Light transmission of hydrogel film 

formula with variation of honey content and glycerol (A) and sorbitol (B) as plasticizer. SweSwelling capacity of 

hydrogel film formula with variation of honey content and glycerol (C) and sorbitol (D) as plasticizer. 

The values are given as mean ± standard error of the means (n = 3). 
HFG: hydrogel film glycerol, HFS: hydrogel film sorbitol. P-values are shown as *, p < 0.05; **, p < 0.001; 

***, p = 0.0002; ****, p < 0.0001. The statistical significance of differences is indicated * vs. each group 

 

The evaluation of swelling capacity revealed that 

all hydrogel films swelled rapidly within the first 4 

hours. Formulations containing more than 20% w/w 

honey reached their maximum swelling during this 

period, while the others continued to swell slowly 

for up to 24 hours, indicating that swelling capacity 

decreased with increasing honey content. The hy-

drogel film containing 10% w/w honey and sorbitol 

exhibited the highest swelling capacity, reaching 

200.05% of its original weight in PBS (pH = 7.4) 

within 24 hours. This film consistently swelled 

significantly more than the formulation with the 

same honey content but using glycerol as the plasti-

cizer (p < 0.05). In contrast, films with higher honey 

content showed reduced swelling within the first 4 

hours and subsequently lost integrity, as evidenced 

by a decline in mass after 24 hours. For instance, the 

film containing 40% w/w honey and glycerol demon-

strated the lowest swelling capacity, swelling to only 

47.45% of its original weight within 4 hours, which 

further declined to 29.16% after 24 hours (Figure 2C 

& Figure 2D). 

The shrinking capacity, transparency, and swelling 

capacity of film dressing are essential properties, as 

they govern maximal wound exudate absorption and 

facilitate the monitoring of wound status (43). Our 

investigation revealed an inverse relationship be-

tween honey content and these key parameters: the 

dried hydrogel formulated with the lowest honey 

concentration demonstrated the greatest shrinking, 

transparency, and swelling. Consistent with these 

findings, studies on honey-loaded ethyl cellulose/gum 

tragacanth nanofibers have also shown that higher 

honey content increases the average fiber diameter 

(44). High honey content reduced the proportion of 

hydrogel matrix in the formulation, thereby dimin-
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ishing electrostatic repulsion between ionic charges 

within the polymer network. This alteration impacted 

both water vapor permeability and hydrogel integri-

ty (45). Additionally, the increased honey content 

affected mixture viscosity, which influenced the 

thickness of the dried hydrogel and reduced film 

clarity (8). 

A plasticizer also significantly affects the properties 

of hydrogel films by improving toughness and im-

parting flexibility (46). Without it, the films become 

brittle due to extensive intermolecular forces arising 

from polymer chain interactions (47). Sorbitol and 

glycerol are common polysaccharide-based plasti-

cizers for biodegradable and edible films due to their 

low cost, non-toxicity, and odorless and tasteless 

properties (48, 49). These agents form hydrogen 

bonds with the polymer's hydrophilic groups, form-

ing a flexible, pliable hydrogel (50). Based on the 

optimization evaluation, the hydrogel film formu-

lated with sorbitol as a plasticizer exhibited better 

properties than the one formulated with glycerol. 

Sorbitol possesses more hydroxyl groups in its struc-

ture than glycerol, which allows for the formation of 

more junction zones through intermolecular, cross-

linking hydrogen bonds between sorbitol and κ-

carrageenan. Consequently, this enhanced water 

structuring influenced water release and strength-

ened the hydrophobic interactions within the hy-

drogel (51).  

Characteristic and release profile of honey/gotu 

kola/κ-carrageenan-based hydrogel film 

After achieving the optimal honey content and plas-

ticizer, the gotu kola extract was added to the for-

mula. Only a small proportion of gotu kola extract 

could be added to the hydrogel film formula due to 

the low clarity of the prevention. The fresh hydro-

gel, containing 10% w/w honey and sorbitol as a 

plasticizer, along with 0.5% w/w gotu kola extract, 

formed a thin, transparent film after 24 hours of 

dehydration (Figure 3A & 3B). The film could 

shrink by 47.85% within 4 hours and continued to 

shrink up to 84.17% after 24 hours. The addition of 

gotu kola extract did not alter the shrinking ability 

significantly (Figure 3C). It was also observed in 

swelling capacity that the gotu kola/honey/κ-

carrageenan-based hydrogel film rapidly swelled to 

almost 200% of its weight within 4 hours and main-

tained a swelling capacity of 233.27% of its origi-

nal weight after being immersed in PBS at pH 7.4 

for 24 hours (Figure 3D). 

 

 
Figure 3. 

Characteristic of honey (10% w/w)/ gotu kola (0.5% w/w)//κ-carrageenan-based hydrogel film. Fresh hydrogel 

(A), dehydrated hydrogel film (B), drying shrinkage capacity for 24 hours (n = 3) (C), swelling capacity for 24 

hours (n = 3) (D) 

 

The optimized film formulation exhibited favorable 

mechanical properties, with a thickness of 0.5 ± 0.1 

mm. Its flexibility was confirmed by a low elastic 

modulus (1.50 N/mm²) and a high elongation at break 

of up to 136.25% (Table I). Crucially, the incorpo-

ration of 0.5% w/w extract into this optimal formu-

lation did not compromise its key performance attrib-

utes; the shrinking behavior, film thickness, and swell-

ing capacity remained consistent with the extract-free 

film. The film also retained sufficient transparency for 

visual wound monitoring. Furthermore, these mechan-

ical characteristics, namely flexibility and extensi-
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bility, are essential for wound-dressing applications, 

as they allow the dressing to conform to and accom-

modate body movements without tearing (28, 52). 

Table I 

Mechanical characteristics of honey/gotu kola/κ-

carrageenan-based hydrogel film. Values represent 

mean ± SD, n = 3 

Mechanical characteristic properties Value 

Thickness (mm) 0.5 ± 0.1 

Tensile strength (N/mm2) 2.05 ± 0.16 

Elongation at break (%) 136.25 ± 10.23 

Elastic modulus (N/mm2) 1.50 ± 0.092 

 

To ensure therapeutic efficacy, evaluating the release 

profile of active compounds from the hydrogel film 

is essential. The film exhibited a rapid initial burst 

release of asiaticoside (the primary active compound 

in Centella asiatica extract), with 70.8% released 

into PBS (pH = 7.4) within the first hour. Release 

continued to a peak of 93.35% at 4 hours, followed 

by a gradual decline to 74.86% by 32 hours. In com-

parison, the release of reducing sugars (representing 

the honey component) followed a different profile. 

At 4 hours, 82.19% of reducing sugars were detect-

ed, rising to a peak of 105.34% at 8 hours, before 

declining to 67.85% by 32 hours (Figure 4). The value 

exceeding 100% for reducing sugars may indicate 

cumulative release exceeding the initial quantifica-

tion or suggest matrix degradation contributing to the 

measured sugar content. 

 

 
Figure 4. 

Asiaticoside of gotu kola extract and reduction sugar 

of honey released from the hydrogel film (n = 3) 

 

Asiaticoside was chosen to represent the release of 

gotu kola extract, while the reducing sugars of honey 

served as the marker for honey. Asiaticoside is one 

of the three main triterpenes found in the plant, 

alongside madecassoside and madecassic acid (53). 

A previous study demonstrated significant wound 

healing activity of 0.2% w/w asiaticoside in topical 

formulations in both normal and delayed-type wound 

models (54). Meanwhile, the high sugar concentra-

tion in honey reduces water activity and induces 

osmotic stress in bacteria, thereby helping prevent 

wound infections (18). Asiaticoside release was faster 

and more extensive from the H10CA0.5 film com-

pared to a previous study, in which 91% of asiati-

coside was released from an alginate film over 12 

hours (55). The H10CA0.5 film achieved a compa-

rable release level in just 4 hours. Interestingly, the 

apparent concentration of reducing sugars detected in 

the medium exceeded the total honey sugar content 

loaded into the film. This anomaly suggests that the 

assay detected additional reducing substances beyond 

the honey's reducing sugars, likely originating from 

the κ-carrageenan matrix itself, a brittle sulfated 

galactan polymer (56). Furthermore, the release of 

active content from the H10CA0.5 film was more 

prominent than in other κ-carrageenan hydrogel 

films from some previous studies. Wang et al. 

(2021) found that the release of cinnamon essential 

oil reached only 20% after 48 hours (57). Mean-

while, Postolović et al. (2022) found that the re-

lease of active content from curcumin extract was 

less than 30% released in 8 hours and reached 87.64% 

in 24 hours (58). 

Wound healing activity in the excision wound rat model 

In vivo wound-healing activity of the hydrogel film 

groups was evaluated based on wound closure and the 

macroscopic appearance of the wounds. All wounds 

showed contraction during the treatment days at 

different velocities. 

On the first day of the treatment, the wound of the 

honey/gotu kola/κ-carrageenan-based hydrogel film 

with 0.5% w/w and 1% w/w gotu kola extract 

(H10CA0.5 and H10Ca1) Groups started to con-

tract and reached wound closure of 2.74% and 

3.18%, respectively. In contrast, the wound areas of 

the commercial wound gel had 100% of MH, and 

the untreated groups increased, reaching -10.81% 

and -16.39% of wound closure, respectively. These 

wounds began to contract on the fourth day. The 

wound contraction in the hydrogel film groups was 

consistently superior throughout the treatment peri-

od and showed a statistically significant difference 

(two-way ANOVA, P < 0.0001). As a result, the 

H10CA1 wound Group started to fully close by day 

14, while the H10CA0.5 wound Group fully closed 

by day 16. All animals in these groups achieved 100% 

wound closure by day 17. There were no significant 

differences in wound closure between the H10CA1 

and H10CA0.5 groups (P = 0.8812). The wounds in 

the commercial wound gel group began to close by 

day 21, whereas none of the wounds in the Untreat-

ed Group reached 100% closure at the end of the 

study. Statistical analysis showed a significant dif-

ference in wound closure between the two groups (P < 

0.0001) (Figure 5). A noticeable wound contraction 

in the hydrogel groups might be due to the gotu kola 

extract. Similar results were found in several stud-

ies that used gotu kola extract and fraction for the 

evaluation of wound healing activity in incision, 

excision, and partial burn wound models (63-65). 
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Figure 5. 

Representative graph of wound closure of each group during the time course (n = 6). All values are given as 

mean ± standard error of the means. 
The p-values are shown as ***, P < 0.001. The statistical significance of differences is indicated * vs. the untreated groups 

 

 
Figure 6. 

Macroscopic appearance of the wounds in each group at 0, 3, 7, 14 and 21 days after treatment 

 

The macroscopic appearance of the wounds varied 

among the groups. On day 3, the wounds in the 

H10CA0.5 and H10CA1 Groups were smaller com-

pared to the other groups, indicating the start of 

wound contraction. Additionally, wound exudates 

predominantly covered the wound surface in the un-

treated and commercial wound gel groups, suggest-

ing the inflammation phase was still ongoing (Fig-

ure 6). The wound exudates in these groups had 

diminished by day 7 and were replaced by granula-

tion tissue, indicating the proliferation phase had 

begun. Consequently, the wounds were smaller, but 

those in the hydrogel film groups showed better 

conditions. This trend continued throughout the treat-

ment period. Scar tissue had fully formed on day 14 

in the H10CA1 Group, although there was still a 

wound spot in the H10CA0.5 Group. Meanwhile, the 

wounds in the untreated and commercial wound gel 

groups remained open. By day 21, the remodeling 

phase continued. As a result, the scar tissue in the 

H10CA1 and H10CA0.5 Groups became thicker, 

but the epithelialization of H10CA1 was more no-

ticeable (Figure 6). The application of H10CA0.5 

and H10CA1 films significantly accelerated wound 

healing, as evidenced by the MH Group. The effect 

was due to the high absorbance of the wound exu-

date by the κ-carrageenan hydrogel component, 

creating a dry, clean wound surface (59). Meanwhile, 
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the rapid release of honey during wound exudation led 

to hyperosmotic and low-pH conditions in the wound 

bed (60). These actions created highly unfavorable 

conditions that prevented bacterial growth. In the 

absence of bacterial infections, the role of pro-

inflammatory neutrophils and macrophages will be 

minimal, thereby accelerating the end of the in-

flammatory phase and allowing the proliferation 

phase to begin more quickly (61, 62). 

Histopathology and immunohistochemistry findings 

Histological examination supported the macroscopic 

evaluation and explained how the hydrogel film stimu-

lates the wound-healing process at the tissue level. 

Furthermore, immunohistochemistry allowed visu-

alization in situ of the specific tissue factor involved 

in various stages of wound healing. High expression 

of TNF-α marked the inflammatory phase, and high 

expression of CD34 marked the proliferation and 

remodeling phase (61). The histology and immuno-

histochemistry results supported the mechanism 

discussed above. On the third day, tissues stained with 

H&E showed differences in the granulation process 

among the groups. The H10CA0.5 and H10CA1 

Groups showed a thicker layer of granulation tissue 

than the Untreated Group. The wound tissue treated 

with commercial wound gel also showed more 

granulation than the untreated wound (Figure 7A). 

Masson’s trichrome-stained wound tissue on days 7, 

14, and 21 after treatment showed notable differ-

ences (Figure 7A). After 7 days, collagen deposi-

tion, indicated by green areas, was not apparent in 

any group. Collagen deposition began on day 14 

and substantially increased by day 21. The densest 

collagen tissue was observed in the group treated 

with hydrogel film containing 1% w/w gotu kola 

extract, followed by the group with 0.5% w/w gotu 

kola extract and the commercial wound gel group. In 

contrast, the Untreated Group showed minimal col-

lagen tissue. Histomorphometry analysis of the 

collagen index on day 21 revealed significant dif-

ferences (P < 0.05) among the groups (Figure 7B). 

 

 
Figure 7. 

Photomicrograph of wound tissue during treatment days. (A) H&E staining at 3 days (deep purple areas refer to 

granulation tissue) and Masson’s trichrome staining at 7,14 and 21 days after treatment (green areas refer to 

collagen deposition). (B) Quantification of collagen density by histomorphometry at 21 days after treatment (n = 

6) 
*P < 0.05, **P < 0.005, ***P < 0.0005, ****P < 0.00005 

 

From immunohistochemistry evaluation, the results 

showed that on the third day of treatment, TNF-α 

expression was highest in the untreated wound, 

followed by the commercial gel-treated wound 

(Figure 8). Meanwhile, wounds treated with 

H10CA0.5 and H10CA1 showed low expression of 

the marker, indicating reduced inflammatory activi-

ty. Additionally, the relative expression of CD34 

was lowest in untreated wounds, followed by 

wounds treated with commercial wound gel. After 7 

days of treatment, the wound tissues treated with 

H10CA0.5 and H10CA1 films already showed 

expression of the vascular endothelial factor, indi-

cating the onset of the proliferation phase. In con-

trast, the marker was still not expressed in untreated 

wound tissues or in those treated with commercial 

wound gel, indicating a predominantly inflammatory 

phase. On the 14th and 21st days of treatment, the 

relative CD34 expression level increased in each 

group, indicating enhanced angiogenesis activity 

(Figure 8). The highest density of relative CD34 

expression was observed in wound tissues treated 

with H10CA1 film, followed by those treated with 

H10CA0.5 film, indicating high angiogenesis activi-
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ty. The wound displayed thick granulation tissue, a 

high density of collagen type I, and high CD34 ex-

pression. These factors indicate high proliferation, 

collagen deposition, and angiogenesis. Simultane-

ously, the release of gotu kola extract into the 

wound bed promotes wound healing (66). The active 

constituents of Centella asiatica – pentacyclic triter-

penes such as asiaticoside, madecoside, madecassic 

acid, and asiatic acid – contribute to this effect (67). 

Asiaticoside induces cell cycle progression, prolifera-

tion, and collagen synthesis (68). Asiatic acid stimu-

lates glycosaminoglycan synthesis and extracellular 

matrix accumulation in rats and possesses anti-

inflammatory properties (69, 70). Madecoside en-

hances collagen I synthesis and exhibits anti-

inflammatory activity (71). 

 

 
Figure 8. 

TNF-α expression (black arrow) on day 3 of treatment and vascular endothelial factor (CD34) expression (blue 

arrow) on day 7, 14, and 21 of treatment 

 

Conclusions 

The concentration of honey and the type of plasti-

cizer significantly influenced the properties of the 

dried hydrogel film. Formulations with the lowest 

honey concentration and sorbitol as the plasticizer 

exhibited the highest drying shrinkage and swelling 

capacity, attributable to a greater hydrogel propor-

tion and increased hydrogen bonding. Importantly, 

the incorporation of 0.5% w/w Centella asiatica 

extract did not significantly alter these film charac-

teristics, preserving good transparency. The result-

ing film facilitated the rapid release of its active 

components, with over 90% of asiaticoside and most 

of the honey's reducing sugars being released from 

the κ-carrageenan matrix within 4 hours. 

Applying the honey/gotu kola/κ-carrageenan hydro-

gel film to a wound excision model twice daily for 

21 days significantly accelerated wound healing through 

multimodal actions. The hydrogel film effectively 

absorbed wound exudate, maintaining a dry and clean 

wound surface. This property, combined with hon-

ey’s antimicrobial effects, created an unfavorable 

environment for bacterial growth, thereby accelerat-

ing the resolution of the inflammatory phase. Mean-

while, gotu kola extract promoted proliferation and 

remodeling by stimulating extracellular matrix accu-

mulation, enhancing angiogenesis, and increasing 

collagen deposition. 

To support its future clinical application, studies on 

shelf-life, dermal toxicity, and wound healing effi-

cacy in chronic and/or infected wound models should 

be conducted. 
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