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Abstract: Wound healing represents a dynamic set of coordinated physiological processes 

observed in response to tissue injury. Several natural products are known to accelerate the  

process of wound healing. Tetrahydrocurcumin (THC), an in vivo biotransformed product/

metabolite of curcumin, is known to exhibit a wide spectrum of biological activities similar 

to those of native curcuminoids. The poor bioavailability of these curcuminoids limits their 

clinical applications. The present study highlights the percutaneous absorption and wound 

healing activity of glucosyl-conjugated THC (glucosyl-THC) in male Wistar rats. A high 

plasma concentration of glucosyl-THC (4.35 μg/mL) was found in rats 3 hours after application. 

A significant enhanced wound healing activity and reduced epithelialization time were observed 

in rats that received glucosyl-THC. This may have been due to the improved bioavailability 

of the glucosyl compound. The nonstaining and lack of skin-sensitive side effects render the 

bioconjugated glucosyl-THC a promising therapeutic compound in the management of excision 

wounds and in cosmetic applications, in the near future.
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Introduction
Natural products isolated from plants and microbes are major sources for exploration 

of novel pharmacophores of biological interest (drugs and agrochemicals), and more 

than 30% of the current worldwide sales of drugs are based on natural products.1,2 The 

phytochemicals in general continue to serve in the design of new synthetic compounds 

of therapeutic interest (pharmaceutical or cosmetic) against various diseases.3

The skin is the outer covering of the living body, consisting of multiple layers of 

the ectodermal tissues guarding the underlying muscles, bones, ligaments, and internal 

organs. It also provides protection against heat, light, infection, and injury.4,5 Wound 

healing refers to the complex and multifactorial process in response to a tissue injury, 

involving the cellular phase (granulation), narrowing of wound area (wound contrac-

tion), collagen deposition (collagen formation), epithelial covering (epithelialization), 

and scar remodeling (cicatrization). The smooth progression of all these events leads to 

a successful completion of wound healing, and restoration of the disrupted anatomical 

continuity and functional state of the skin.6–9

Phenolic compounds of natural origin have been shown to possess potent antioxidant 

activity and are also known to accelerate the process of wound healing.10–12 Among 

such phytochemicals, the curcuminoids present in the rhizomes of Curcuma longa 

have attracted a lot of attention due to their wide application in traditional medications, 

food coloration, cosmetics, and the fabric-dying industry.13,14 In addition, curcuminoids 

possess a broad range of therapeutic activities, such as anticancer, antiangiogenic, 

antimicrobial, antioxidant, anti-inflammatory, and wound healing properties.15–21 
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Tetrahydrocurcumin (THC) is one of the major in vivo color-

less hydrogenated metabolites of curcumin and shows similar 

physiological and pharmacological activities to that of native 

curcuminoids.22–24 Despite the unique biological activities 

of these curcuminoids, the major barrier for wider clinical 

applications of these molecules is their poor bioavailability 

in the systemic circulation in humans, which reduces their 

therapeutic activity. Curcuminoids have very poor aqueous 

solubility and permeability, and so these molecules are clas-

sified as Biopharmaceutics Classification System (BCS) class 

IV molecules.25 Several efforts have been made to increase 

the bioavailability of curcumin/THC with different formu-

lations, using adjuvants, nanoparticles, and liposomes etc, 

which have resulted in a limited success.26–29 Another method 

to improve the bioavailability and pharmacological activities 

is the glucosylation of the hydrophobic molecule.30,31 The 

objective of the present study was to evaluate the in vivo 

percutaneous absorption and wound healing activity of 

synthesized glucosyl-conjugated THC (glucosyl-THC) in 

Wistar rats.

Materials and methods
Chemicals
Curcumin (98%) and THC (90%) (analyzed using high- 

performance liquid chromatography [HPLC]) were gift 

samples obtained from Ashian Herbex Ltd (Hyderabad, India). 

Standard curcumin (catalog number 1151855) and THC 

(catalog number SM1300370) were procured from Sigma-

Aldrich Corp (St Louis, MO, USA). Glucosyl-THC was syn-

thesized as reported in our earlier studies.32 All the chemicals 

and solvents used in the study were of analytical grade and 

purchased from Merck Millipore (Billerica, MA, USA).

Experimental animals
Male albino Wistar rats, weighing 150–200 g (8–10 weeks), 

were selected for the study and were daily provided with 

commercial feed (Hindustan Lever, Bangalore, India) and 

water ad libitum. The experimental rats used and the proto-

cols followed in this study were reviewed and approved by 

the Institutional Animal Ethics Committee prior to the initia-

tion of the experiment. The care of the laboratory animals 

was guided by the Committee for the Purpose of Control 

and Supervision of Experiments on Animals (CPCSEA) 

regulations.

Topical/percutaneous absorption studies
Percutaneous absorption studies of the curcuminoids (curcumin, 

THC, and glucosyl-THC) in experimental rats were carried out 

as reported by Van de Sandt et al.33 Male Wistar rats weighing 

180–200 g were randomly divided into five groups with five 

animals in each group. On the day of the treatment, the fur on the 

dorsal upper side of the experimental rats was shaved (2 cm2), 

with a disposable razor, and the area was cleaned and sterilized 

with alcohol (40%). Each of the experimental rats received 

an application of 1 g of petroleum jelly or cream containing 

different concentrations of curcuminoids: group A received 

petroleum jelly alone; group B received 1% curcumin; group C 

received 1% THC; and groups D and E received cream contain-

ing 1% and 2% glucosyl-THC respectively, (approximately 

15 cm2/kg body weight). The cream was topically applied, 

uniformly, on the dorsal skin area of the rats, and the surface 

was covered with a protective elastic adhesive bandage (as per 

the Organisation for Economic Co-operation and Development 

[OECD] Guideline for the Testing of Chemicals – Skin Absorp-

tion: In Vivo Method).

Rat blood samples (0.2 mL) were drawn from the 

retroorbital vein at different time intervals (0–8 hours) into 

glass tubes containing ethylenediaminetetraacetic acid 

(EDTA). After centrifugation (1,000× g for 10 minutes at 

5°C), the separated plasma samples were stored at -20°C 

for analysis. Salbutamol (0.2 µg/mL) was added to all the 

samples as an internal standard. The test compounds –  

curcumin, THC, and glucosyl-THC – present in the plasma 

samples were extracted twice using organic solvents (ethyl 

acetate and ethanol [9.5:0.5]). The organic layer was trans-

ferred into clean tubes. Standard concentrations (50 µg/mL) 

of curcuminoids (curcumin, THC, and glucosyl-THC) were 

added, as external standards, to respective test samples for 

spiking of the samples. Later, the organic solvent was con-

centrated under a stream of dry nitrogen. The concentrated 

samples thus obtained were dissolved in the HPLC mobile 

phase and filtered through 0.22 µM polyvinylidene difluoride 

membrane filters (Merck Millipore) to obtain clear filtrate 

for HPLC and liquid chromatography mass spectrometry 

(LC-MS) analysis.34 The quantification of the curcuminoids 

studied was accomplished by measuring the peak area ratio 

(test compound to internal standard). This process of com-

pound extraction gives a quantitative validation; the results 

showed that approximately 95% of the curcuminoids present 

in the plasma samples were recovered.

Data analysis
HPLC
The concentration of curcuminoids (curcumin, THC, and  

glucosyl-THC) present in the plasma samples was analyzed 

by HPLC (Gilson Company, Inc., Middleton, WI, USA) using 
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a reverse-phase C
18

 analytical column (3.9 mm ×150 mm, 

5 µm particle size).35 The system was run isocratically, 

using acetonitrile:water as a mobile phase in the ratio of 

80:20 adjusted to pH 3.5, at a flow rate of 1 mL/min. The 

compounds were detected at 280 nm by an ultraviolet-visible 

(UV/VIS) detector (UV/spectrophotometer from Perkin 

Elmer, Waltham, MA, USA). The mobile phase (solvent) 

was passed through a 0.5 µm nylon membrane filter and was 

degassed before use. Salbutamol (0.2 µg/mL) was added to 

each of the test samples as an internal standard. The method 

shows sensitivity toward standard curcuminoids with quan-

tization up to a lower limit of 1 ng/mL.

In vivo wound healing studies
Excision wound
A cutaneous excision-punch wound model was studied 

to evaluate the wound healing activity of the three cur-

cuminoids. An excision wound was inflicted on the rats’  

dorsal side as described in the literature.36 Before inflicting 

the wounds, the experimental rats were anesthetized by 

intraperitoneal administration of ketamine (70 mg/kg body 

weight), and the fur on the dorsal side of the animals was 

shaved using a disposable razor and disinfected with 40% 

of ethanol. A uniform circular excision wound, of 500 mm2 

and 0.2 cm depth, was created with a surgical blade on 

the dorsal surface at the thoracolumbar region of each of 

the experimental rats, under aseptic conditions. To each 

experimental rat, 1 g of petroleum jelly containing different 

concentrations of the test compounds (curcumin, THC, and 

glucosyl-THC) was topically applied, uniformly, whereas the 

control rats received petroleum jelly once daily for 21 days. 

Wounds were left unsutured and uncovered, and the animals 

were housed individually and allowed to recover. In order to 

characterize the various wound healing steps, several critical 

physical attributes of the wound healing process – inflamma-

tion, reepithelialization, wound dermal closure/contraction, 

epidermal differentiation, tissue remodeling, and eschar 

formation – were observed. The progress of wound healing 

was measured by tracing the wound on millimeter-scale 

graph paper after every 2 days of wound formation, and video 

images were also captured.37 The epithelialization period 

was monitored by noting the number of days required for 

the eschar to fall off from the surface of the wound without 

leaving a raw area (scar) behind. A day after the final day 

of the treatment, the experimental rats were euthanized, 

and the regenerating granulation tissues from the excision 

wounds were dissected from the same area and processed 

for biochemical and histopathological studies.

Dosage used in wound healing studies
The effect of curcumin, THC, and glucosyl-THC on wound 

healing activity was studied in male Wistar rats. A total of 

40 rats weighing 180–200 g were randomly selected and 

divided into eight groups consisting of five rats in each group. 

Rats in each of the different experimental groups topically 

received an application of 1 g of cream containing the fol-

lowing test compounds:

•	 Group 1: petroleum jelly as control

•	 Group 2: 2% curcumin

•	 Groups 3, 4, and 5: 2%, 3%, and 5% THC, respectively

•	 Groups 6, 7, and 8: 2%, 3%, and 5% glucosyl-THC, 

respectively.

Measurement of wound index
Wound indices were measured after every 2 days of wound 

formation following a random scoring system.38 Wound heal-

ing property was evaluated as percentage of wound contrac-

tion, measuring the length and breadth of the wound with 

digital calipers following the Walker and Mason formula.39 

Significance in wound healing of the test groups was derived 

by comparing the healed wound area, on the respective days, 

with the healed wound area of the control group. The rate of 

wound contraction was calculated using the given formula:

	
% wound

contraction

Initial area of wound

nth day area of wound

Init
=

−

iial area of wound
×100 � (1)

Biochemical parameters
The granulation tissues were collected from the rat regenerat-

ing excision wounds and homogenized using 0.1 M sodium 

phosphate buffer of pH7.4. Total protein and collagen 

content present in the granulation tissue homogenate were 

analyzed.

Total protein analysis
The total protein concentration in the granulation tissue 

homogenate was estimated by Lowry’s method.40

Collagen analysis
The total collagen content in the enzymatically digested 

granulation tissue collected from the experimental rats was 

determined using a Sircol™ assay kit (Biocolor, Carrickfergus, 

UK).41 The assay was based on the specific binding of the dye 

to collagen. This methodology gives only the collagen content, 

free from interference of noncollagenous protein (albumin 

and elastin).
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Histopathology studies
Histological changes, such as epithelialization, granulation 

tissue formation, and cell migration, were observed during 

the process of wound healing in individual experimental 

Wistar rats that received curcuminoids (curcumin, THC, and 

glucosyl-THC). On the 21st day postwounding, the animals 

were sacrificed, and the granulation tissue formed on and 

around the excision wounds of the untreated and treated rats 

was carefully dissected with a sharp, sterile surgical knife 

(0.4 cm ×1.0 cm) and carefully collected without any fold-

ing, and weighed. It was then fixed in 10% buffered formalin 

solution of pH 7.4 and stored. After the usual processing of 

the tissue in dehydrated graded alcohol, these tissues were 

cleared in xylene and were embedded in paraffin wax (melt-

ing point 55°C). Skin samples from three different wound 

healing sites were taken for histopathological studies. The 

skin tissue biopsies were cut into 5–6 µm thick sections and 

stained with hematoxylin and eosin.42 The sections were then 

observed under a light microscope (Eclipse 4000, Nikon 

Corp, Tokyo, Japan) for qualitative assessment of the degree 

of epithelialization, collagen formation, fibroblast prolifera-

tion, angiogenesis, and scar formation in the wound tissues 

of treated and untreated rats.

Statistical analysis
All the results depicted in the study were the mean ± standard 

error (SE) of five rats in each group. Statistical analysis were 

evaluated by one-way analysis of variance (ANOVA), fol-

lowed by Tuckey’s post hoc test. The values of *P,0.01 and 

**P,0.001 were considered to be statistically significant.

Results and discussion
Wound healing is a normal biological process in the human 

body that is achieved through a highly complex and intricate 

processes consisting of different phases, and these multifac-

torial processes are concurrent but are independent to each 

other in establishing the integrity of the damaged tissue. 

Several natural products have been shown to accelerate the 

process of wound healing. Curcuminoids are naturally occur-

ring polyphenolic compounds well-known for their putative 

anti-inflammatory, antioxidant, and wound healing activities. 

This study demonstrates the topical absorption and wound 

healing property of glucosyl-THC in experimental rats.

Topical/percutaneous absorption study
The major barrier for clinical application of these curcumi-

noids is their poor solubility, which limits the bioavailability 

and therapeutic activity of these compounds in humans. 

Bioenhancers, such as euganol, trienol, piperidine, failed to 

improve the bioavailability of curcuminoids.27 In comparison 

with two other curcuminoids studied, the 1% glucosyl-THC 

showed a higher plasma concentration, of 4.35 µg/mL at 

3 hours peak time, on the topical application of the com-

pounds to the rats (Figure 1). This may have been due to 

enhanced hydrophilicity of the glucosyl-conjugate molecule 

(LC-MS studies m/z [M + Na]+ 719.13).

Wound healing studies
The wound healing process is characterized by dynamic, 

interactive events involving soluble mediators, blood cells, 

extracellular matrix, and parenchymal cells that result in the 

permanent restoration of anatomic and functional integrity.43 

In the present study, the excision wounds were made on dorsal 

side of rats, and the wounds were treated with curcumin, THC, 

and glucosyl-THC. From the results, it was observed that the 

animal behavior was normal during the entire experimental 

period, and the rats did not show any signs of compound-

related toxicity or other related skin-sensitive side effects. The 

wound regions in both the treated and control rats were devoid 

of bleeding during the study period. Inflammation, redness, 

and erythema were observed in the initial days of wound in 

all the experimental animals. Acute inflammation was seen in 

the control group, while chronic inflammation was observed 

in curcuminoids-treated groups, which gradually decreased by 

the third day of treatment with glucosyl-THC, whereas in rats 

that received curcumin and THC, inflammation and erythema 

were reduced with time, ie, from day 5 to day 8. Contraction of 

the excision wound was observed between 6 days and 9 days 

Figure 1 Percutaneous absorption of curcuminoids in rats (HPLC).
Notes: The values expressed by vertical bars represent mean ± SE% of five animals 
of each group.
Abbreviations: glucosyl-THC, glucosyl-conjugated tetrahydrocurcumin; HPLC, 
high-performance liquid chromatography; THC, tetrahydrocurcumin.
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Figure 2 Photographical representation of wound healing in rats subjected to skin excision wounds, on different days (A,E,I,M after 2 days; B,F,J,N after 10 days; C,G,K,O 
after 15 days and D,H,L,P after 21 days).
Notes: The rats received 1 g of topically applied cream containing: (A–D) petroleum jelly as control; (E–H) 2% curcumin; (I–L) 2% THC; and (M–P) 2% glucosyl-THC.
Abbreviations: glucosyl-THC, glucosyl-conjugated tetrahydrocurcumin; THC, tetrahydrocurcumin.

in the rats that received curcumin, THC, and glucosyl-THC 

(Figure 2). An arbitrary scoring of wound healing is shown in 

Table 1. The three curcuminoids showed wound healing activ-

ity, without any abnormal behavior patterns, such as fatigue, 

stress, aggressiveness, weight loss, or change in movement, 

or signs of infection among the rats during the course of 

the study. Complete wound epithelialization with increased 

collagen formation was observed on the 18th day of wound 

healing in the experimental rats that received glucosyl-THC. 

The regenerated wound tissues treated with glucosyl-THC 

exhibited marked dryness, with no clinical signs of inflamma-

tion and fluids oozing from the wound margins.

When compared with curcumin and THC, the glucosyl-

THC-treated rats exhibited significantly faster closure 

of wounds. A significant wound healing activity, 88% 

(P,0.001), was observed in 2% glucosyl-THC-treated rats, 

whereas in the rats that received curcumin and THC, the 

percentage of wound healing was 76% (P,0.01) and 81% 

(P,0.01), respectively (Figure 3).

It is well-known that rapid protein synthesis occurs 

in the wound area soon after an injury.44 Collagen is the 

predominant extracellular protein in the granulation tissue 

of a healing wound, and the increase in synthesis of collagen 

provides strength and integrity to the tissue matrix. In the 

present study, the increased concentration of total protein was 

9.2 mg/100 mg and collagen content was 8.3 mg/100 mg in 

the granulation tissue of the excision wounds in the samples 

treated with 2% glucosyl-THC when compared with other 

curcuminoids studied (Table 2).

The histopathological studies of the excision wound 

tissues of the rats that received glucosyl-THC showed 

morphological changes, such as granulation tissue forma-

tion, higher collagen content, and increased migration of 

macrophages and fibroblasts cells, which aid in granulation 

tissue formation and wound tissue repair (Figure 4).45,46 

The histopathological scoring is given in Table S1. Visual 

observation confirmed that growth of the granulation tissue 

initiated from the base of the wound and proceeded to fill the 

entire wounds following treatment with both the THC and 

glucosyl-THC. The granulation tissue formed was pink-red 

in color, moist, and shiny. The percentage of wound con-

traction and reepithelialization after topically administered 

glucosyl-THC was promising when compared with the other 

two curcuminoids studied. This can be attributed to the 
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Table 1 A summary of wound healing index scores of rat models

Treatment 2 days after treatment 7 days after treatment 14 days after treatment 21 days after treatment

Control Healing has not yet started Healing has not yet started Delayed but normal healing Delayed but normal healing
Curcumin Std 2% Healing has not yet started Delayed but normal healing Incomplete but normal healing Incomplete but normal healing
THC 2% Healing has not yet started Delayed but normal healing Incomplete but normal healing Progressive but incomplete healing
Glucosyl-THC 2% Healing has not yet started Incomplete but normal healing Progressive and normal healing Complete healing of wounds

Notes: Arbitrary scoring is given as follows: 0= complete healing of wounds, 1= incomplete but normal healing, 2= delayed but normal healing, 3= healing has not yet been 
started, but the environment is healthy, 4= formation of pus, evidence of necrosis.
Abbreviations: glucosyl-THC, glucosyl-conjugated tetrahydrocurcumin; Std, standard; THC, tetrahydrocurcumin.

Figure 3 Percentage of wound contraction in experimental rats.
Notes: The results depicted were the mean ± SE% of five animals in each group. The 
treated groups were compared with the control group, and statistical analysis was 
performed. The values of P0.01 and  P0.001 were considered to be statistically 
significant.
Abbreviations: glucosyl-THC, glucosyl-conjugated tetrahydrocurcumin; SE, standard 
error; Std, standard; THC, tetrahydrocurcumin.

increased stimulation of collagen synthesis or increased pro-

liferation of fibroblasts, or both, in the case of glucosyl-THC- 

treated wounds. The granulation tissue sections of the 

curcuminoid-treated animals showed significant adnexal 

and subepithelial collagen formation, whereas the animals 

in the control group showed less significant regenerative 

epithelium formation. It was observed that neovasculariza-

tion was maximally seen in the early granulation tissue for-

mation and was composed of proliferating blood vessels.47 

Mature blood vessels accompanying collagen, fibrosis, and 

scar formation were observed in the wound healing activity 

of glucosyl-THC-treated rats. The same was evident in the 

histological wound scoring studies of epithelialization, granu-

lation tissue formation, collagen organization, blood vessel 

formation, and polymorphonuclear leukocyte/macrophage 

migration. Fibrous scars were observed at the end of complete 

wound healing, and collagen was the predominant constituent 

(as shown in Table S1).47 Thus the study clearly demonstrated  

that the glucosyl-THC accelerated the process of wound 

healing compared with other curcuminoids, due its increased 

percutaneous absorption.

Since antiquity, curcumin has been used in the various 

traditional systems of medicine for various skin ailments, 

and preclinical studies have validated many ethnomedical 

uses.15–21 A few of the conducted human clinical trials showed 

protection from skin diseases such as psoriasis, prevention 

of aging, and promotion of good skin.48,49 However, detailed 

studies are required to validate the accepted belief.

The use of curcumin for chemoprevention and treatment 

of various skin diseases, such as scleroderma, psoriasis, and 

skin cancer, has been well-known.50 However, the important 

obstacle for transdermal drug delivery is the skin barrier. 

The present study confirms that all the curcuminoids tested 

show percutaneous absorption and wound healing activity. 

THC is a colorless metabolite of curcumin that exhibits 

pharmacological and biological activities similar to those of 

Table 2 Biochemical parameters on the final day of granulation 
tissue formation in rats treated with curcuminoids

Group Protein 
(mg/100 mg)

Collagen  
(mg/100 mg)

Control (petroleum jelly) 5.8±0.8 2.12±0.54
Curcumin Std 2% 7.80±0.50* 6.7±0.81*
THC 2% 8.8±0.9* 7.3±0.36*
THC 3% 9.3±0.41* 8.5±0.42*
THC 5% 9.9±0.38* 9.1±0.25**
Glucosyl-THC 2% 9.2±0.73* 8.3±0.41*
Glucosyl-THC 3% 10.5±0.51* 9.4±0.78**
Glucosyl-THC 5% 10.9±0.83* 9.9±0.31**

Notes: All values expressed were mean ± SE of five animals. Statistically significant 
from control *P0.01 and **P0.001.
Abbreviations: glucosyl-THC, glucosyl-conjugated tetrahydrocurcumin; SE, standard 
error; Std, standard; THC, tetrahydrocurcumin.
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Figure 4 Microscopic observations representing the histological appearance of the granulation tissue in the excision wounds.
Notes: After the 21st day of application of curcuminoids, rat skin tissue sections from excision wounds were stained with hematoxylin and eosin. All the slides were observed 
at 20× magnification: (A) control (placebo), (B) Standard (2% curcumin Std), (C) 2% THC, (D) 3% THC, (E) 5% THC, (F) 2% glucosyl-THC, (G) 3% glucosyl-THC, and 
(H) 5% glucosyl-THC activity.
Abbreviations: BV, blood vessels; C, collagenation; E, epithelialization; Fb, fibroblasts; Fs, fibrosis; glucosyl-THC, glucosyl-conjugated tetrahydrocurcumin; GT, granulation 
tissue; IC, inflammatory cells; L, lymphocytes; NV, neovascularization; RE, reepithelialization; SIC, scattered inflammatory cells; Std, standard; THC, tetrahydrocurcumin; 
USE, ulcerated surface epithelium.

other curcuminoids.51 Compared with curcumin and THC, 

glucosyl-THC show significantly enhanced percutaneous 

absorption, due to improved hydrophilicity of the molecule. 

The glucosyl-THC also show improved wound healing 

activity in rats, and the histopathological studies showed 

reepithelialization of the epidermis, and increased migration 

of fibroblasts and macrophages in the wound bed. The most 

common drawback of the therapeutic use of the curcuminoids 

is their pronounced yellow color, resulting in staining of the 

skin and dress materials. The most significant advantage of 
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the synthesized glucosyl-THC molecule is increased topical 

absorption, resulting in its enhanced wound healing activity 

with nonstaining property.

In summary the present study demonstrates increase in 

absorption of glucosyl-THC with topical application when 

compared with other curcuminoids. The results also confirm 

the improved pharmacological activity of glucosyl-THC, 

which was evident from the shorter wound healing time, 

increased rate of reepithelialization, and higher collagen 

formation in the granulation tissue in excision wound heal-

ing, and the absence of skin-sensitive side effects. The study 

clearly substantiates the medical value of glucosyl-THC 

in the acceleration of the process of wound healing when 

compared with other curcuminoids.

Conclusion
The wound healing process is characterized by three stages, 

viz inflammation, tissue formation, and tissue remodeling, 

which are coordinated cellular and biochemical responses. 

Plant secondary metabolites have been demonstrated as 

potential agents that can modify the various steps of wound 

repair. The present study confirms the increase percutaneous 

absorption and potent in vivo excision wound healing activity 

of glucosyl-THC. The compound glucosyl-THC increased 

the epithelialization and granulation tissue formation, with 

nonstaining, nontoxic, nonirritant, and non-skin-sensitive 

side effects. Thus the synthesized glucosyl-THC may act as a 

promising therapeutic agent in the future, in the management 

of excision wounds and in cosmetic applications.
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Supplementary material

Table S1 Histopathological scoring

Group: test compound Histopathological scoring*

Epithelialization Angiogenesis Fibroblasts Collagen Macrophages/  
lymphocytes

A: control 1 3 3 1 3
B: curcumin 2% 1 3 3 1 2
C: THC 2% 2 2 3 2 2
D: THC 3% 2 2 3 2 2
E: THC 5% 2 2 2 3 2
F: glucosyl-THC 2% 2 2 2 2 1
G: glucosyl-THC 3% 2 1 2 3 1
H: glucosyl-THC 5% 3 0 0 3 1

Notes: *Abramov’s histological scoring system was used for scoring epithelialization, fibrosis, angiogenesis, and collagen level.1 Abramov’s system assesses each parameter 
independently, giving each a score of 0–3, as follows:
•	 Collagen: 0= none, 1= scant, 2= moderate, 3= abundant.
•	 Epithelialization: 0= none, 1= partial, 2= complete but immature/thin, 3= complete and mature.
•	 Angiogenesis: 0= none, 1=#5 vessels per HPF, 2=6–10 vessels per HPF, 3=.10 vessels per HPF.
•	 Fibrosis: 0= none to minimal fibroblasts, 1= few fibroblasts, 2= more fibroblasts, 3= predominantly fibroblasts.  

As well, the number of macrophages was scored, as: 1=0–25 macrophages, 2=26–50 macrophages, 3=.51 macrophages.
Abbreviations: glucosyl-THC, glucosyl-conjugated tetrahydrocurcumin; HPF, high-power field; THC, tetrahydrocurcumin.
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