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Abstract: 

Introduction: Wound healing is a multifaceted biological process, and diabetic wounds add 

more complexity to it. In diabetic wounds, the combination of chloroform fractions of 

Achyranthes aspera L. (A.aspera) leaves with β-Glucans has not been investigated. The 

additive effect of these two (A.aspera + β-Glucans) would benefit the inflammatory phase of 

diabetic wounds, as improper treatment will lead to chronic injuries. Therefore, the goal of this 

research work was to assess the in-vivo wound healing and anti-inflammatory effects of a 

combination of chloroform fractions of A.aspera leaves and β-Glucans in a variety of wound 

models in STZ-induced diabetic rats.  

Methods:  

Preliminary phytochemical analyses of A.aspera were conducted to identify various 

phytoconstituents in the test extract. Acute and sub-acute dermal toxicity tests of A.aspera  

were carried out on mice and rats, respectively, to see whether there were any abnormalities. 

Excision and incision wound models, cotton pellet-induced granuloma models, rat paw edema 

and burn wounds were used to test wound healing and anti-inflammatory actions. To induce 

diabetes, streptozotocin (STZ) was administered intraperitoneally at a dosage of 65 mg/kg 

(i.p.). A.aspera (10% w/w) and β-Glucans (2% w/w) ointments were tested separately and in 

combination for wound healing activities. Silver sulfadiazine (1 % w/w) ointment was used to 

treat the positive control groups. Excision wound model rats that had been treated with basic 

ointment were used as negative controls, as were incision wound model rats that had not been 

treated. A.aspera (400 mg/kg, po) and  β-Glucans (30 mg/kg, po) were tested separately and in 

combination for anti-inflammatory efficacy. Positive control groups were given indomethacin 

(10 mg/kg, po) for cotton pellet-induced granuloma and rat paw oedema models. Negative 

controls for both anti-inflammatory activity models were provided 2% Tween 80. The groups 

were made up of six rats, and the treatments were given topically and orally to assess wound 

healing and anti-inflammatory effects. The levels of hydroxyproline and hexosamine and the 

antioxidant enzymes (SOD and CAT) in the granulation tissue were measured in excision 

wound model. Healed excision wound skin was examined histopathologically.  

 

Results: The A.aspera and β-Glucans combination resulted in a significant percentage of 

wound contraction and a shorter epithelialization time (P<0.01). The combination was found 

to be the most effective, with the highest percentage of edema reduction (55 %; p<0.01). The 
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combination also exhibited favourable hydroxylamine, hexosamine and anti-oxidant profiles 

supported by histopathology data. 

Conclusion: This research showed that the immunomodulatory effect of β-Glucans had 

significantly enhanced the wound healing, anti-inflammatory, and anti-oxidant potential of 

A.aspera in diabetic wounds.  

Keywords: Diabetic wound, Achyranthes aspera, wound healing, burn wound, cotton, pellet 

granuloma, carrageenan-induced paw edema, Acute toxicity 

 

Introduction:  

The spatial and temporal coordination of the inflammatory phase with tissue regeneration and 

remodeling makes wound healing one of the most complicated processes in the human body. 

A diabetic's ability to heal acute wounds is impaired. Hypoxia, neovascularization and impaired 

angiogenesis, dysfunction in fibroblasts and epidermal cells, damage from reactive oxygen 

species (ROS) and AGEs (advanced glycation end-products), decreased host immune 

resistance, high levels of metalloproteases, and neuropathy are features that can lead to 

impaired healing in diabetics.1  

Hemostasis, inflammatory period, proliferation, and tissue remodelling are the four phases of 

wound healing that are closely linked and overlap.2 These phases and their physiological 

activities must occur in the correct order, at a specific moment, and at an ideal intensity for a 

particular length. If it does not happen in order, it will lead to delayed acute wounds and chronic 

wounds. Due to a partial, delayed or disorganized healing process, such wounds commonly 

develop pathologic inflammation. 1, 3-4 As a result, the injured tissue's requirements during all 

three phases must be satisfied for a wound to heal in the proper order. A multi-modal therapy 

strategy appears to be a viable alternative for achieving this. We used A.aspera and β-Glucans 

to try to do this.  

β-Glucans are carbohydrate polymers present in the cell walls of bacteria, fungi, yeasts, and 

certain cereals, including barley and oats. 5-7 Many kinds of β-glucans have a wide range of 

anti-inflammatory, anti-inflammatory, and wound-healing properties and significant roles in 

immunological, anti-inflammatory, and wound-healing responses. They induce defence 

responses against pathogen infection or injury by activating the immune system. Pattern 

recognition receptors on target cells, macrophages, primarily monocytes, neutrophils, and 
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natural killer cells (as well as skin cells like keratinocytes and fibroblasts), mediate these 

effects. 5, 8-9 

Mammalian β-glucans are not present or synthesized. When they are presented to a host, they 

are recognized as 'foreign' by the innate and adaptive immune systems, resulting in an influx 

of macrophages. Macrophages are essential to wound cleaners that use phagocytosis to clear 

the wound of devitalized tissue and dead neutrophils. They also express a variety of growth 

factors, which aid cellular proliferation, angiogenesis, and extracellular matrix deposition, 

resulting in wound re-epithelialization and increased tensile strength. Macrophage activity has 

been critical in the inflammatory, proliferative, and remodelling stages of healing. 10 

A.aspera, often known as apamarga, is a profuse and wild plant native to India. Folk healers 

and locals in Karungal village, Kanyakumari district, Tamil Nadu, India, use the plant's leaves 

to treat wounds. Wound healing, cancer-fighting, hepatoprotective, immunomodulatory, 

antibacterial properties have all been discovered in A.aspera. 11 

According to the research findings cited above, β-glucans show significant immunomodulatory 

activity5, whereas A.aspera has intense anti-inflammatory action.6 The combination might be 

helpful in efficiently meeting the needs of wound tissue in all three phases, and more 

specifically, in the inflammatory phase. Furthermore, the lack of studies on β-glucans + 

A.aspera impact on diabetic wound healing emphasises the relevance and uniqueness of this 

research.  

 

Materials and Methods: 

Preparation of extracts: 

By employing the Mengie T et al. method, the air-dried and powdered  A. aspera leaves were 

first defatted and then extracted and fractionated.12 The plant material was extracted using the 

cold maceration extraction method. One kilogram of powder was macerated for 72 hours in an 

80 % methanol (1:6 w/v) containing flask. The extraction was performed two more times to 

get the maximal extraction. The solvent was evaporated using a rotary evaporator under 

decreased pressure to produce dried methanolic extract (115.22 gm) of the leaves. In a 

separating funnel, a portion of the dried methanolic extract was suspended in distilled water 

and fractionated with choloroform. The extraction process was repeated three times. The 
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chloroform fractions were concentrated using a rotary evaporator before drying at 40°C in a 

dry oven. The dried fraction yielded 40.23 g in terms of percentage yields.  

Preliminary phytochemical tests: 

Standard assays were used to screen for secondary metabolites in chloroform fractions of an 

80 % extract (methanol) of A. aspera leaf. .12-14  

Test for Flavonoids:  

On a water bath,  10 mL ethyl acetate was added to 0.2 g of the chloroform fraction and heated 

for 3 minutes. After that, filtrate (4 ml) was mixed with weak ammonia solution (1 ml)  and 

shaken. The mixture was filtered and chilled. The layers were permitted to separate, and the 

yellow color revealed the presence of flavonoids in the ammonia layer.  

Test for Terpenoids:  

Chloroform (2 ml) was added to 0.25 g of the fraction. Then, to build a coating, pure sulfuric 

acid (3ml) was carefully applied. A reddish-brown colour of the interface suggested the 

presence of terpenoids.  

Test for Saponins: 

Distilled water (5 ml) was added to 0.25 g of the fraction. The solution was then forcefully 

agitated, and a stable, continuous foam was seen. Saponins were detected by the development 

of a steady froth present for about half an hour.  

Test for Tannins: 

In a test tube, choloform fraction (0.25 g) was heated in 10 mL of water. It is then filtered 

through Whatman filter paper (No.1). To the filtrate, a few drops of ferric chloride ( 0.1%) 

were added. A brownish-green or blueblack precipitate indicated the presence of tannins.  

Test for Steroids:  

With 2 mL sulfuric acid, acetic anhydride (2 ml) was added to 0.25 g of each fraction. Change 

in color to blue or green from violet indicates the presence of steroids.  
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Test for Cardiac Glycosides:  

Glacial acetic acid (2 ml) and ferric chloride solution (one drop) were added to the diluted 

fraction (0.25 g with 5 mL water). 1 mL of concentrated sulfuric acid was used as a base. Brown 

ring at the interface shows the presence of a deoxysugar (cardenolides).  

Test for Alkaloids:  

The choloform fraction (0.5 g) was added with a few drops of freshly produced Mayer's 

reagent. The production of cream determined the presence of alkaloids.  

Ointment processing 

According to Suntar et al., a simple ointment base will be made using a 3:6:1 ratio of glycol 

stearate, propyleneglycol, and liquid paraffin.15 Appropriate amounts of test will be added to 

the simple ointment basis for test ointments [(2 % w/w β-Glucans (beta-D Glucan produced 

from Saccharomyces cerevisiae, Meteoric Biopharmaceuticals Private Limited, India), 10 % 

(w/w) A.aspera, and 2 % w/w β-glucans  + 10 % w/w A.aspera The vehicle group will be 

treated topically with just the ointment base. As a reference medication, 1% silver 

sulphadiazine ointment (Positive control) will be utilized.  0.5 g of the ointments or reference 

medication will be applied topically to the wound sites once daily during the treatment 

period, depending on group assignment.  

Experimental animals and housing conditions: 

Acute toxicity tests were conducted using male and female Swiss albino mice (20-25 g). Sub-

acute dermal toxicity and wound healing capacity was assessed using Wistar albino rats of both 

sexes weighing 150–250 g, respectively. The animals were housed in cages made of 

polypropylene with optimum light, humidity, temperature (Temp: 25 ± 2ºC, light/dark cycles 

(12/12 h), and 75% relative humidity).  Animals were fed with a commercial pellet rat diet and 

water ad libitum in the laboratory animal room for at least one week before testing. The 

Institutional Animal Ethics Committee (IAEC) of King Khalid University in Abha, Saudi 

Arabia (ECM#2021-5304, Dated 02.05.21) approved all experimental procedures. 

Experiments were carried out as per the guidelines for laboratory animal care and use.  
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1.0: Acute toxicity test 

Non-pregnant and nulliparous female albino mice aged 8–10 weeks and weighing 28 ± 4 g 

were selected randomly following OECD Test Guidelines 425 (Up and Down Procedure).16. 

For five days, the animals were housed in normal circumstances. The limit test was done with 

a single dose of 2000 mg/kg p.o. Before dosing, the mice were fasted for 3–4 hours but had 

access to free water. Based on the bodyweight of the animal, the defined dosage was given to 

single female mice. The animals were attentively monitored for the first 30 minutes and then 

for the next 4 hours. After 1–2 hours after medication, food was given. Following the survival 

of the treated mice, four more mice were given the same dose maintaining the same set-up. For 

the control group (vehicle-treated), the same technique was used for a group of 5 mice that 

were given 1 % Carboxymethylcellulose (CMC) gel in the same volume as the treated mice. 

Within the first 6 hours, both groups were thoroughly monitored for any harmful effects and 

subsequently at regular intervals (every 24 hours) for a total of 14 days. General signs and 

toxicity symptoms were observed in the animals, including somatomotor activity and 

behavioral pattern, mucous membranes and eyes, changes in skin and fur, salivation and 

diarrhea, tremor and convulsions, weight loss, food and water intake, paralysis and lethargy, 

and mortality.16  

Sub-acute dermal toxicity: 

The test was carried out by the OECD guideline 410 for chemical testing.17 For two weeks, 

healthy adult young male rats of 6-8 weeks were housed in the laboratory conditions. Rats were 

randomly allocated to control and treatment groups. For all the test animals, fur was removed 

from the trunk part on the dorsal region shortly before testing (24 hours). Shaving was done at 

about weekly intervals. For the application of the test material, a body surface area of 

approximately 10% was removed. There are six healthy male rats in each group (n=6).  The 

test substance (2000 mg/kg/d) is administered to the skin of experimental animals once a day 

with a gauze patch for a total of 28 days. A semiocclusive bandage was used to keep the patch 

in place for 4 hours, following which it was removed, and the skin was cleansed of any 

remaining test material. As a control, the ointment base was utilized. The animals were 

observed daily for changes in their fur, mortality, mucous membranes, eyes, breathing and 

behavioural (tremors, salivation, convulsions, diarrhoea, and lethargy) patterns during the 

treatment period. Every week, the rat's body weight was monitored.  
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Induction of diabetes: 

Animals were starved overnight. Nicotinamide (HiMedia Labs Pvt. Ltd.), 110 mg/kg body 

weight, was adminstered 15 minutes before administering streptozotocin (STZ).  A freshly 

generated STZ (Sigma, St. Louis, MO, USA) solution dissolved in a citrate buffer of pH 4.5 

was administered intraperitoneally (i.p) at a 65 mg/kg dose. To avoid hypoglycemia produced 

by high pancreatic insulin production, a 10% glucose solution was given to rats for an extra 24 

hours after STZ therapy. Blood was collected from the rats' tail veins 72 hours after they were 

injected with STZ.  Rats having a blood glucose level (fasting) >200 mg/dl were declared 

diabetic and utilized in this study.18  

Wound healing activity 

Excision wound model: 

The animals were split into five groups of six rats for the excision wound model, with the first 

group receiving simple ointment. Nitrofurazone 0.2% ointment for the second group. The third 

group with β-Glucans and the fourth group with 10% ointments made from chloroform 

fractions of A. aspera leaves. The fifth group was given β-Glucans + A. aspera.  

ketamine (I.p. 50mg/kg) was used to anesthetize rats.19 Removal of fur from the dorso-thoracic 

area was done. On day 0, for removal of a full-thickness skin, a circular mark of 314 mm2 was 

made with a permanent marker, and the skin was removed with sharp, sterilized scissors, as 

reported by Nagar.20 Ointments were administered as stated above from day one, i.e. after 24 

hours after establishing a wound area. All ointments were administered to the wound area once 

a day until they healed fully. Every two days, the wound closure of the rats was monitored, and 

the measurements were collected using clear paper and with the help of a permanent marker. 

Utilising a millimetre scaled ruler, the diameter of the wound was measured. The following 

formula12 assessed the percentage of wound contraction  

% Wound contraction = [(Day zero wound area - Particular day  wound area / Day zero wound 

area)] × 100 

The total days it took for the tissue that is dead to slip off the surface of the wound without 

leaving a raw wound was regarded as the complete epithelialization endpoint. The days it took 

for this endpoint were termed an epithelialization period. 12  
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Incision wound model: 

Animals are grouped and dosed as indicated in the above excision wound model. Fur was 

removed after sedating the rats in the same way as the excision wound method described above. 

A linear-paravertebral incision of 3 cm was performed one cm from the midline on either side 

of the vertebral column through the whole thickness of the skin. The excised skin was brought 

together and stitched at 1-cm intervals with chromic catgut (dimension: 2/0 metric-1/ 2 circular) 

utilizing a curved needle on day 0. The ointments were administered as indicated in Animal 

Grouping and Dosing from day one. For nine days, the ointments were administered topically 

once a day. On the eight-day, the sutures were carefully removed.21 The tensile strength was 

then tested on the ninth day using the continuous constant water flow approach to assess the 

amount of healing.22-23  

Percentage tensile strength of treatment groups 

= (Tensile Strenth of treatment arm- Tensile Strength of simple ointment)/ Tensile Strength of 

simple ointment x 100  

Percentage tensile strength of reference 

=[(Tensile Strength of reference-  Tensile Strength of simple ointment)/ Tensile Strength of 

simple ointment] x 100 24 

Thermal burn wound model: 

Animals are grouped and dosed as indicated in the above excision wound model. On the dorsal 

skin, the hairs were manually removed 24 hours before the burn was induced. The animals 

were observed for 24 hours to see if shaving had produced any irritation. A metal rod of 2.5 

cm diameter was heated to 80-85°C and pressed for 20 seconds to create thermal burn injuries 

on the rat's dorsal skin. The wound was then dressed with a clean, sterile gauge, and the animals 

were kept individually when they had recovered from anaesthetic. The burn was treated with 

drugs twice a day. The wound closure rate was recorded using transparent paper and a 

permanent marker on the 5th, 10th, and 15th post-wounding days.25 For the final analysis of 

the data, the percentage of wound closure was determined using the formula below. 26-27  

% Wound closure = [(Day 0 wound area - Day “n” wound area)/ Day 0 wound area] x 100 

Where n = 5th day, 10th day, and 15th post wounding days 
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Evaluation of Anti-Inflammatory Activity: 

Carrageenan-Induced Paw Edema: 

The impact of chloroform extract of A. aspera leaf on acute inflammation was studied using 

Ayal's28 technique with slight modifications. The rats were fasted overnight and had unlimited 

water access until the experiment began. Before administering the drug, the basal volume, or 

the amount of water displaced by each rat's left hind paw, was noted using a calibrated 

plethysmometer. The rats were randomly allocated to their separate groups as follows. The 

control group (first) was treated with 2%Tween 80, 10mL/kg. The positive control group 

(second) was treated with 10 mg/kg Indomethacin. The third and fourth groups were treated 

with β-Glucans (30 mg/kg) and A. aspera (400 mg/kg), respectively. The last group was treated 

with β-Glucans (30 mg/kg) + A. aspera (400 mg/kg). 

Following that, the rats were given test chemicals by oral gavage. After 1 hour after test 

administration, inflammation was induced in the hind paw (left) by injecting 0.05 mL of newly 

made 1% carrageenan suspension diluted in normal saline into the left hind paw's sub-plantar 

surface. After 1 hr, 2 hr, 3 hr, and 4 hours of carrageenan induction, the volume of the injected 

paw was measured using a plethysmometer.14,12  

Percentage edema inhibition= {(Paw edema of negative control - Paw edema of test groups) 

/Paw edema of negative control} X 100 

Cotton Pellet-Induced Granuloma: 

The components of chronic inflammation (transudative and proliferative) were assessed using 

the approach previously employed by Afsar et al.29 Male albino Wistar rats (200–250 g) were 

housed for overnight fasting and given unrestricted water access until the experiment began. 

The animals are divided into groups and dosed according to the paw edema method.  In an 

autoclave, sterilization of cotton pellets, each weighing 10±1 mg, for 30 minutes at 120°C at 

15Ib pressure. Sedation of the rats with ketamine hydrochloride (50 mg/kg, i.p.) was done 20 

minutes after treatment as per groupings. The subcutaneous tunnel was made aseptically in 

both sides of each rat's previously shaved groin area with blunted forceps. The subcutaneous 

tube was then implanted and stitched using chromic catgut (dimension;2/0 metric-1/2 circle) 

following bilateral insertion of two sterilized cotton pellets measuring 10±1  mg each. For 

seven days, rats were orally (once a day) treated with 2% Tween 80, indomethacin, and 

treatment groups. 
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On day 8, the rats were anesthetized, and the pellets enclosed by granuloma tissue were 

carefully cut out and cleaned of extraneous tissue. After removal, the pellet was weighed 

immediately, then dried at 60°C for 24 hours to a constant weight. After removing the weight 

of the cotton pellets, the dry weight was calculated.  

The procedure below was used to estimate the amount of exudate (mg), amount of granulation 

tissue created (mg), percent inhibition of exudate, and amount of granuloma tissue formed. 12,30 

Exudate formation = Wet weight of pellet – Dry weight of the pellet. 

Granuloma tissue formation = Dry weight of the pellet –Cotton pellet initial weight.  

Exudate inhibition (%)= {(control group exudate - treated group exudate) / control group 

exudate} X100 

Biochemical analyses: 

The rats from the excision were decapitated at the end of the experiment to assess the healing 

course in terms of biochemical features. The wound area of experimental rats was excised to 

assess tissue hydroxyproline, hexosamine, malondialdehyde (MDA), glutathione (GSH), 

catalase (CAT), and superoxide dismutase levels (SOD).  

Estimation of hydroxyproline and hexosamine 

The concentration of hydroxyproline, the most frequent indication of collagen turnover, was 

measured in granulation tissue from the healed wound area of an excision wound. Tissues were 

dried in a hot air oven at 60–70°C to a consistent weight, then hydrolyzed in 6 N HCl at 130°C 

for 4 hours in a sealed tube. After neutralization to pH 7.0, the hydrolysate was subjected to 

chloramine-T oxidation for 20 minutes before being halted by adding 0.4 M perchloric acid. 

The color was made using Ehrlich reagent at 60°C and detected with a UV–Vis 

spectrophotometer at 557 nm (Shimadzu, Columbia, MD). 31  

For hexosamine determination, the weighted granulation tissues were hydrolyzed for 8 hours 

at 98°C in 6 N HCl, neutralized to pH 7 with 4 N NaOH, and diluted with distilled water. The 

diluted solution was heated to 96°C for 40 minutes after being combined with acetyl acetone 

solution. After cooling the mixture, ethanol (96%) was added, and then a solution of p-

dimethylaminobenzaldehyde (Ehrlich's reagent) was added. After the solution had been well 

mixed and allowed to cool for 1 hour, at 530 nm, the absorbance was measured using a 

Shimadzu double beam UV–Vis spectrophotometer. A standard curve was used to determine 
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the quantity of hexosamine. The content of hexosamine was measured in milligrams per gram 

of dry tissue weight.31 

Estimation of antioxidant activity 

To assess antioxidant activity, blood was drawn from the retro-orbital plexus of cotton-pellet 

animal models on days 1 and 8 and centrifuged for 10 minutes at 506.11 g (Micro centrifuge) 

to separate plasma. The antioxidative enzyme test was performed using the serum. The amount 

of thiobarbituric acid reactive substances (TBARS) was measured using the Uchiyama and 

Mihara technique to evaluate the degree of lipid peroxidation (LPO). The levels of reduced 

glutathione (GSH) were determined using the Sedlak and Lindsay technique, while the 

activities of superoxide dismutase (SOD) were determined using the Kono method. Catalase 

(CAT) was measured using Aebi's standard technique. 31 

Estimation of proinflammatory and anti-inflammatory cytokine induction: 

On days 1 and 8 after wounding, blood samples were taken from dead space wound animals 

in each group. The levels of proinflammatory (TNF and IL-6) and anti-inflammatory (IL-10) 

cytokines were determined using commercially available enzyme-linked immunosorbent 

assays (ELISAs). The assays were carried out as directed by the manufacturer. By plotting 

the graph for the standard, the cytokine concentrations were calculated in pg/ml. To confirm 

the correctness of the results, each experiment was repeated three times.32 

Histopathologic study: 

At the end of the experiment, the histological changes of the excised wound tissue (healed) 

were investigated by cutting cross-sectional wound tissues of full-thickness from all groups. 

The skin tissues will be embedded in paraffin wax after being treated with formaldehyde (10%). 

Sections will be cut to a thickness of around 5 mm, deparaffinized, and the staining was done 

with hematoxylin and eosin (H&E). Histological alterations such as neovascularization 

(angiogenesis), fibroblast proliferation, inflammatory cell infiltration, and epidermal 

remodelling were observed under a light microscope of 100 x magnification. The findings of 

the various animal groups were examined blindly and compared to those of the control group.33 

Statistical analysis: 

Dunnett's test was used to examine differences between means after data were submitted to 

analysis of variance (ANOVA). At a P<0.01 threshold of significance, a substantial difference 
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was considered. The mean and standard error of the mean (SEM) of six animals are represented 

(n-6).  

 

Result: 

According to phytochemical screening, alkaloids, terpenoids, Tannins, Flavonoids, Cardiac 

Glycosides, and Steroids were found in the chloroform fraction of the A.aspera extracts (Table-

1).  

Table 1: Chloroform Fractions of A. aspera Leaf Extract: A Preliminary Screening of  

Phytochemical constituents Chloroform fraction 

Saponins Absent 

Terpenoids Present 

Tannins Present 

Flavonoids Present 

Cardiac Glycosides Present 

Steroids Present 

Alkaloids Present 

 

Acute oral and sub-acute dermal toxicity tests: 

Acute oral toxicity and 14 days subacute dermal toxicity experiments on chloroform fractions 

of 80 % A. aspera methanol leaf extract revealed no gross behavioral changes, toxic skin 

effects, or mortality within 24 hours or during the next 14 days, respectively. The oral LD50 

of solvent fractions in rats was more than 2000 mg/kg, according to OECD guideline 425 

"Limit Test".  

Excision wound model: 

In the excision wounds, rats treated with A.aspera and A.aspera + β-Glucans combination 

ointments showed enhanced healing of wounds. The proportion of wound contraction in the 

A.aspera + β-Glucans ointment rats was higher and significant (P<0.01) than the negative 

control in most post-wounding days, and the time of epithelialization was shortened (Table 2)., 

The contraction of wounds in the A.aspera + β-Glucans ointment treated group was greater or 

equivalent in most post-wounding days than that of the positive control (SS 1% w/w). On days 
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8, 16 and 18, it was 67.70 and 57.41%; 98.65 and 98.05%; and 99.66 and 99.53% on for 

A.aspera + β-Glucans ointment and SS 1%  ointments, respectively. The contractions of 

wounds in the rats treated with β-Glucans and SS 1% w/w ointments, on the other hand, were 

significantly different. As a result, the most active group is A.aspera + β-Glucans ointment, as 

indicated by a more significant percentage of contractions of the wound and a shorter 

epithelialization duration (Table 2)  

 

Table -2: Effect of A.aspera and β-Glucans alone and in combination on excision wounds 

  Excision wound area (mm2) and % contraction   

Treatment 

Groups 

Day 2 Day 8 Day 14 Day 16 Day 18 Epithelization 

time (d) 

Control 310.00 

± 2.3 

(1.6) 

222.46±3.59 

(29.40) 

96.70 ±6.31 

(69.31) 

61.60 ±3.0 

(80.45) 

40.24 ±4.02 

(87.23) 

19.33±0.21 

Silver 

sulfadiazine 

(1% w/w) 

295.32 

± 2.6 

(6.31) 

134.34±6.63 

(57.41) 

31.29±2.10* 

(90.07) 

6.14±0.83 

(98.05) 

 

1.46±0.41 * 

(99.53) 

14.17±0.31* 

β-Glucans 302.14 

± 2.4 

(4.14) 

155.12± 5.6 

(50.80) 

64.25± 3.5 

(79.62) 

43.14± 1.52 

(86.31)* 

22.46± 

0.54* 

(92.87) 

16.01±0.14* 

A.aspera 299.23 

± 2.6 

(5.07) 

134.12±5.10* 

(57.45) 

54.24±2.94  

(82.79) 

28.25±1.64* 

(91.03) 

14.76±0.61* 

 (95.31) 

14.83±0.21* 

A.aspera + 

β-Glucans 

295.43 

± 2.45 

(6.30) 

101.84±4.36* 

(67.70) 

22.21±1.8 * 

(92.96) 

4.16± 0.92* 

(98.68) 

1.06±0.23 * 

(99.66) 

13.65±0.26* 

The results are shown as mean ± S.E.M of six rats (n=6). *P < 0.01 is the statistical difference 

from control 

 

Incision wound model: 

When compared to control groups (simple ointment treated), groups treated with A.aspera +    

β-Glucans ointment exhibited a substantial (P<0.01) enhancement in tensile strength in the 

incision wound model. When SS 1% ointment and A.aspera + β-Glucans ointments were 

compared to A.aspera and β-Glucans alone treated ointments, tensile strength was considerably 

enhanced (P <0.01) (Table 3).  
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Table 3: Tensile Strength in Rats: Effect of A.aspera and β-Glucans alone and in 

combination 

Treatment arm Tensile Strength (g) Tensile Strength (%) 

Control 475.82 ± 72.21 - 

Silver sulfadiazine (1% w/w) 876.15 ± 42.32* 84.13 

β-Glucans 851.36 ± 44.35* 78.92 

A.aspera 872.25 ± 32.32* 83.31 

A.aspera + β-Glucans 891.22± 24.43* 87.30 

The results are shown as mean ± S.E.M of six rats (n=6). *P < 0.01 is the statistical difference 

from control 

 

Carrageenan-Induced Paw Edema: 

The injection of 1% carrageenan resulted in a gradual increase in paw thickness that peaked 2 

hours after administration of  2% Tween 80 (Table 4). When compared to 2 % Tween 80, 

A.aspera + β-Glucans exhibited a substantial reduction of paw oedema commencing at 1 hr 

and lasting until 4 hrs (P<0.01). The anti-inflammatory effect was at its peak four hours after 

induction in Indomethacin, + β-Glucans, A.aspera, and A.aspera + β-Glucans, with respective 

values of 52.5 %, 25  %, 50 %, and 55  % (R2= 0.90).  

Significant changes were also seen when comparing A.aspera + β-Glucans to other treatments. 

For example, at 1, 2, 3, and 4 hours, A.aspera + β-Glucans had a substantially different impact 

than A.aspera extract (P<0.01). A.aspera alone showed a statistically significant decrease in 

paw edema compared to 2% Tween 80 at 1, 2, 3, and 4 hours after induction (P<0.01).                    

β-Glucans, on the other hand, did not demonstrate any substantial reduction of paw edema as 

compared to 2 % Tween 80 during the course of the study.  

When compared to 2 % Tween 80, Indomethacin (10 mg/kg) significantly (P <0.01) decreased 

paw edema from the first to the fourth hour following injection of carrageenan. Furthermore, 

there was no change in the start and duration of action between Indomethacin, β-Glucans, 

A.aspera, and A.aspera + β-Glucans, all exhibited substantial (P <0.01) reduction of paw 

edema up to fourth hours after induction. Nonetheless, A.aspera alone showed a similar anti-

inflammatory effect with indomethacin (10 mg/kg) throughout the study. The most active 
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therapy was A.aspera + β-Glucans, as shown by the greater proportion of edema inhibition (%) 

values of all treatments during the study (Table 4).  

Compared to 2 % Tween 80, A.aspera + β-Glucans and A.aspera substantially reduced the 

development of granuloma mass and inflammatory exudate (P <0.01). In both exudate and 

granuloma inhibition, A.aspera + β-Glucans showed statistically significant anti-inflammatory 

efficacy compared to A.aspera (P<0.01). Compared to the other treatment groups, A.aspera + 

β-Glucans showed the greatest percentage reduction of exudate and granuloma development 

(42.35 and 53.33 %, respectively). In Indomethacin, β-Glucans, A.aspera, and A.aspera + β-

Glucans, there was a statistically significant difference (P<0.01) in inhibition against exudate 

(R2=0.822) and granuloma development (R2=0.954) The A.aspera inhibited exudate 

production and granulation in a similar way to the standard drug. However, as shown by the 

higher proportion of inhibition, the A.aspera + β-Glucans therapy group was the most effective 

in slowing down the growth of exudate and granuloma mass (Table 5).  

Table 4: Paw Edema induced by Carrageenan in Rats: Anti-Inflammatory Effects of 

A.aspera and β-Glucans Alone and in Combination  

Treatment arm Volume at 

the Base 

(mL) 

Paw Volume Variation (Mean ± SEM) (mL) [Percentage 

Inhibition (%)] 

1 Hr 2 Hrs 3 Hrs 4 Hrs 

Tween 80 (2%), 

10mL/kg 

0.21±0.02 0.44 ± 01 0.46 ± 0.01 0.41 ± 0.02 0.40 ± 0.03 

Indomethacin-

10mg/kg 

0.23±0.14 0.30±0.02 

(31.81)* 

0.27±0.21 

(41.30) * 

0.23±0.02 

(43.90)* 

0.19±0.02 

(52.5)* 

β-Glucans 0.21±0.01 0.39 ± 01 

(11.36) 

0.35 ± 0.01 

(23.91) 

0.33 ± 0.01 

(19.51) 

0.30 ± 0.01 

(25.00) 

A.aspera 400 

mg/kg 

0.21 ±0.02 0.31±0.02 

(29.54) *  

0.29 ± 0.02 

(36.95)* 

0.23±0.01 

(43.90)* 

0.20±0.090 

(50.00)* 

A.aspera 400 

mg/kg +           β-

Glucans 30 mg/kg 

0.21 ±0.01 0.28±0.02 

(36.36) * 

0.26 ± 0.02 

(43.47)* 

0.22±0.01 

(46.34)* 

0.18±0.09 

(55.00)* 

The results are shown as mean ± S.E.M of six rats (n=6). *P < 0.01 is the statistical difference 

from control 
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Granuloma Induced by Cotton Pellets : 

Table 5: Effect of A.aspera and β-Glucans alone and in combination on Rats with Cotton 

Pellet-Induced Granuloma  

Treatment arm Exudates 

Mean Weight 

in mg (Mean ± 

SEM) 

Exudation 

Inhibition 

Percentage  

Granuloma 

Mean Weight 

in (mg) (Mean 

± SEM) 

Granulation 

Inhibition in %  

2% Tween 

80,10mL/kg 

125.32 ± 0.52 - 143.40 ±0.75 - 

Indomethacin 

10mg/kg 

75.75 ± 2.11* 39.55 66.29± 0.78* 53.77 

β-Glucans 90.34 ± 0.71* 27.91 74.23 ± 0.70 48.23 

A.aspera 400mg/kg 78.06 ± 2.81* 37.71 68.71 ± 0.68* 52.08 

A.aspera 400 mg/kg 

+ β-Glucans 30 

mg/kg 

72.24 ± 0.67* 42.35 66.92 ± 0.70* 53.33 

The results are shown as mean ± S.E.M of six rats (n=6). *P < 0.01 is the statistical difference 

from control 

Burn wound healing: 

The A.aspera + β-Glucans and Silver Sulfadiazine (1% w/w) treated groups demonstrated a 

significant rise in percentage wound contraction in thermally induced burn wounds compared 

to the control group. On the 15th day of the research, the greatest percentage wound closure 

was seen, with 94.28 ± 3.51 and 89.18 ± 3.65 in the silver sulfadiazine (1% w/w) and A.aspera 

+ β-Glucans treated groups, respectively. As a result, the wound closure percentage rose as the 

number of days increased (Table 6).  
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TABLE 6: Effect of A.aspera and β-Glucans alone and in combination on thermal burn 

wound healing.  

 % Wound Closure 

Treatment Group 5th Day 10th Day 15th Day 

Control 2.11 ± 0.23 8.15 ± 1.23 19.18 ± 1.43 

Silver sulfadiazine  

(1% w/w) 

9.13 ± 1.33 58.15 ± 3.26 89.18 ± 3.65* 

β-Glucans 5.26 ± 1.42 39.15 ± 4.02 67.24 ± 3.55 

A.aspera 7.16 ± 1.24 56.16 ± 3.36 88.16 ± 3.46* 

A.aspera + β-Glucans 9.88 ± 1.34 61.23 ± 3.25 94.28 ± 3.51* 

The results are shown as mean ± S.E.M of six rats (n=6). *P < 0.01 is the statistical difference 

from control 

Biochemical analysis: 

Table 7 shows the hexosamine and hydroxyproline and concentration of healed wound tissue. 

In diabetic wound control, hydroxyproline and hexosamine content were remarkably (P<0.01) 

lower than control. Compared to diabetic wound control, substantially( P<0.01)  higher 

hydroxyproline and hexosamine concentrations were present in treatment groups. 

When comparing diabetic wound management to standard wound control, there were a 

substantial rise in malondialdehyde (MDA) levels. Furthermore, when normal wound treatment 

was compared to diabetic control, GSH, SOD, and CAT levels were significantly lower (P 

<0.01). Compared to diabetic wound control (P<0.01), treatment of A.aspera + β-Glucans for 

eight days significantly raised GSH, SOD, and CAT levels while MDA levels were found 

decreased (Table 7).  

 

 

 

 

 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 October 2021                   doi:10.20944/preprints202110.0417.v1

https://doi.org/10.20944/preprints202110.0417.v1


 

 

TABLE 7: Biochemical study of wound tissue in diabetic rats caused by streptozotocin  

  Treatmen

t groups 

Hexosamine 

content 

(mg/100 mg 

tissue) 

Hydroxyprol

ine content 

(mg/g tissue) 

MDA 

(nmol/m

g of 

protein) 

SOD 

(μg/mg 

of 

protein) 

Catalase 

(μg/mg 

of 

protien) 

GSH                                                     

(ng /mg of 

protien) 

Normal 

control 

0·731 ±  

0·041 

13·06 ± 0·76 4·07 ± 

0·47 

73·59 ± 

2·46 

39·85 ± 

3·09 

18·24 ± 2·22 

Diabetic 

control 

0·193 ± 

0·020* 

3·02 ± 0·39* 13·14 ± 

1·01* 

38·07 ± 

3·55* 

11·55 ± 

1·57* 

7·52 ± 0·81* 

Silver 

sulfadiazin

e                    

(1% w/w) 

0·386 ± 

0·037* 

10·18 ± 

0·63* 

12·13 ± 

1·49* 

30·43 ± 

1·87* 

12·05 ± 

1·58* 

8·03 ± 0·73* 

A.aspera 

0·435 ± 

0·024* 

10·70 ± 

0·52* 

8·53 ± 

1·49* 

55·21 ± 

5·17* 

30·92 ± 

3·99* 

15·09 ± 1·42* 

β-Glucans 

0·286 ± 

0·037* 

18.18 ± 

0·63* 

10·13 ± 

1·49* 

36·73 ± 

2·09* 

20·92 ± 

3·99* 

12·09 ± 1·42* 

A.aspera +      

β-Glucans 

0·631 ± 

0·041* 

12·06 ± 

0·76* 

6·13 ± 

1·49* 

72·82 ± 

2·03* 

33·92 ± 

3·99* 

19·95 ± 1·41* 

The results are shown as mean ± S.E.M of six rats (n=6). *P < 0.01 is the statistical difference 

from control 

The IL-10 level was considerably (P<0.01) lower after wounding in the 2 % Tween 80 treated 

arm (1st Day: 435.7 ± 24.4 pg/ml; 8th day: 536.9 ± 28.4 pg/ml) than in the Indomethacin treated 

arm (1st Day: 815.5 ± 29.7 pg/ml; 8th day: 1238.7 ± 39.2 pg/ml). On days 1 and 8 following 

wounding, the IL-10 level in the A.aspera + β-Glucans treated group was significantly 

increased, reaching 850.0 ± 28.2 pg/ml and 1389.6 ± 49.6 pg/ml, respectively. On the first and 

eighth days after being wounded, IL-10 levels increased to 817.0 ± 28.3 pg/ml and 1240.6 ± 

49.7 pg/ml in the β-Glucans alone treated group, compared to 770.0 ± 28.3 pg/ml and 1150.6 

± 49.7 pg/ml in the A.aspera alone treated group.  

The IL-6 level in A.aspera + β-Glucans treated rats (85.3 ± 10.5 pg/ml) was slightly less than 

that in the 2 % Tween 80 treated group (108.3 ± 15.2 pg/ml), at 24 h after wounding. At the 

same time, the IL-6 levels were greatly reduced (P < 0.01) to 81.4 ± 17.4 pg/ml in the A.aspera 
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+ β-Glucans treated group on day nine after wounding . On the other hand, on day nine 

following wounding, 2% Tween 80 treated rats had a high IL-6 level (95.4 ± 14.9 pg/ml) 

The level of IL-6 in the Indomethacin treated group (68.0 ± 15.8 pg/ml) on 1st day after 

wounding was sustantially (P < 0.01) less in the 2 % Tween 80 treated group, and the drop in IL-

6 levels was maintained (42.7 ± 12.6 pg/ml) 9th day after wounding. 

 

Histopathologic study: 

When comparing the reference standard Silver sulfadiazine (1 % w/w) and β-Glucans + 

A.aspera treated groups to the control group, excision biopsy of healed excision skin 

demonstrated virtually repaired skin architecture in both groups, with normal epithelization, 

fibrosis within the dermis and restitution of the adnexa (Figure 1). 
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Discussion: 

Acute toxicity is a preliminary study for the determination of drug safety. It is usually done to 

provide preliminary information on a substance mode of toxic action to determine dosage for 

a novel chemical and help with animal dose determination. A.aspera treatment did not cause 

any abnormalities in animals in our acute and sub-acute dermal toxicity studies. 

Wound healing is a complicated biological process that may be divided into four phases: 

haemostasis period (0–several hours after damage), inflammation period (1–3 days), 

proliferation period (4–21 days), and remodelling period (21 days–1 year).1,34 Any of these 

disrupted phases results in poor healing, such as persistent hard-to-heal ulcers or severe 

scarring, which is a substantial and growing health and financial impact on our society.35,36 

Current wound healing treatments focus on improving controllable healing variables such as 

infection clearance, nutritional support and mechanical protection. Novel therapeutic targets 

must be discovered, as well as more effective therapies must be developed.1,34 

The shift from the inflammatory to the regenerative stages of wound healing is crucial in the 

healing process, and evidence is mounting that a defective transition is linked to wound healing 

issues. Thus, therapeutic development could be justified by focusing on elements that influence 

this phase shift.33 The inflammatory phase is required for haemostasis and the activation of the 

innate immune system, which defends us against infections and assists in the clearance of dead 

tissues.37 On the other hand, prolonged inflammation may compromise keratinocyte 

differentiation and stimulation, prohibiting wound healing from progressing through the 

normal stages.38 In addition, significant inflammation has been linked to a lot of scarring. 39 

During the process of healing, macrophages change from a pro-inflammatory M1 to a tissue 

repair M2 phenotype, generating anti-inflammatory mediators like IL-10, decoy IL-1 receptor 

type II, and IL-1R antagonist, as well as bioactive molecules like VEGF, IGF1  and TGF, which 

foster ECM synthesis, fibroblast proliferation, and angiogenesis. 40,41  The transition from M1 

to M2 is crucial for resolving   inflammation and shifting the balance toward tissue healing.42 

Sustained production of IL-1 β in both mouse and human wounds inhibited upregulation of 

proliferator-activated receptor (PPAR) γ action, which is required for the transition in 

macrophage phenotype in diabetes. Diabetes causes a deficient M1–M2 transition, which 

causes wound recovery to be delayed.43 The inflammation phase involves activating the 

immune system and the release of inflammatory mediators, regardless of the kind of wound. 

Thus, regulation of the aforementioned pathways is required for optimal wound healing. 
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The findings of this investigation of A. aspera + β-Glucans wound healing activity on diabetic 

wounds revealed a considerably greater frequency of wound wound closure (P<0.01) in most 

post-wound days and a significantly shorter duration of epithelialization (P<0.01). This could 

be due to the immunomodulating activity of β glucan44 (responsible for fighting infections at 

the wound site and enhancing the migration and proliferation of keratinocytes and fibroblasts) 

and the added anti-inflammatory, anti-oxidant, and anti-bacterial effect of secondary 

metabolites (Table 1) of A. aspera.12,45-46  Furthermore, histological sections of the A. aspera + 

β-Glucans treated groups revealed significant fibroblast growth, increased cellular 

proliferation, and infiltration, indicating improved wound healing (Fig-1). 

During the healing process, an infection caused primarily by anaerobic bacteria and S.aureus 

might prolong the inflammatory wound phase, resulting in wound failure.47 An in-vitro 

research of A. aspera root and shoot extracts in chloroform and methanol demonstrated 

substantial action against Klebsiella species, which could back up the current study's findings.48 

Tannins detected in A. aspera chloroform extract were also found to suppress bacterial 

growth.49 The bacterial cell membrane was disrupted by triterpenoid saponins.50 Flavonoids 

astringent and antibacterial properties could help facilitate wound healing. Flavonoids, 

genistein, rutin, and chlorogenic acid, all contained in A. aspera, have an antibacterial impact 

that may aid wound healing, according to Ndhlala et al.51 Furthermore, β-Glucans are a well-

known macrophage stimulant that increases macrophage cytotoxicity and phagocytic 

capability. When wound macrophages are reduced, wound healing is delayed, according to 

Leibovich and Ross.52 As a result, it cannot be ruled out that modifying the macrophage activity 

of β-glucan promotes cutaneous wound healing.53 Furthermore, β-glucans have anti-infective 

activities and have antibacterial potential against many Gram-negative and Gram-positive 

bacteria.54 Higher wound contraction and a shorter duration of epithelialization were found in 

groups administered with A. aspera + β-Glucans alone and in combination when tried to 

compare to SO (simple ointment) control animals. A lengthy period of epithelium remodeling 

and wound closure was observed in the group treated with SO. However, wounds treated with 

A. aspera and β-Glucans alone or in combination were clean and healthy. The bacterial 

contamination and their metabolites in the SO-administered group might explain this, as 

bacteria and their metabolites inhibit wound contraction and impede wound healing.  

Collagen synthesis, angiogenesis, maturation, and fibre stabilization may all contribute to 

improved tensile strength.55 As a result, the combination of A. aspera and β-Glucans could play 

a function in the synthesis of collagen, its maturation, and stabilization. Collagen is a 
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component in developing cells in healing tissue that may be measured by looking at the 

hydroxyproline level. Elevated hydroxyproline levels in incision wounds indicate quicker 

collagen turnover, which results in faster healing and increases braking power of the treated 

wounds, indicating collagen fibre stability.56 Diabetic control rats had a significant drop in 

hydroxyproline concentration, as diabetic wounds have little or no granulation tissue. 

Hexosamine is a ground substance component required for the development of the extracellular 

matrix and, as a result, wound healing. To track the wound healing process, we measured the 

amount of hexosamine in the granulation tissues of excision wounds. Both in orally and 

topically administered groups, A.aspera + β-Glucans significantly increased hexosamine levels 

as compared to untreated control rats, indicating increased extracellular matrix synthesis and, 

as a result, adequate wound healing. Secondary metabolites of A. aspera may have aided the 

actions above either separately or due to their combined impact.57The astringent and 

antioxidant qualities of Tannins aid wound healing by promoting tissue organization and 

regeneration.57 Flavonoids are astringent and antimicrobial, and they reduce lipid peroxidation 

by preventing or slowing cell necrosis and enhancing vascularity.58 

β-Glucans also have a role in collagen fibres by activating immune and non-immune cells. 

Several receptors, Toll-like receptors (TLR-2, 4, 6) and complement receptor 3 (CR3), 

including the Dectin-1 receptor, scavenger receptor, and lactosylceramide, are involved in the 

β-glucan action mechanism of in the organism.59 The Dectin-1 receptor is the most important 

since it is found in a wide range of immunocompetent cells, including neutrophils, DC, 

eosinophils, monocytes, T lymphocytes, macrophages, and cutaneous cells (fibroblasts and 

keratinocytes). β-glucan activates macrophages after attaching to the Dectin-1 receptor. 

Activated macrophages then secrete growth factors and cytokines that promote anti-

inflammatory and antibacterial actions, as well as dermal fibroblast migration to the lesion. 

These fibroblasts then proliferate in the wound, producing extracellular matrix (ECM) 

components like collagen to begin the remodelling process.5, 60 As a result, the antimicrobial 

and antioxidant properties of phytochemicals found in A. aspera, as well as the effect of              

β-Glucans54 on tissue regeneration, collagen deposition, re-epithelialization, and angiogenesis 

(as demonstrated by histopathology study, Fig-1) not only accelerated wound healing but also 

increased tensile strength. 

The findings of the dead space wound indicated that the combined therapy group had more 

granulation tissue weight and exudation than the control group, demonstrating A.aspera +                   

β-Glucans potential to cure dead space wounds. Oxidative stress is caused by an excess of 
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reactive oxygen species (ROS), which delays wound healing. As a result, reducing ROS may 

be a practical approach in repairing chronic wounds, and measuring antioxidants like catalase 

(CAT), superoxide dismutase (SOD), and other antioxidants in repaired excision wound tissue 

is critical. They assist in eliminating free radicals and expediting wound healing. .61-62 In our 

study, A.aspera + β-Glucans showed remarkable in-vivo antioxidant activity by significantly 

(P<0.01) increasing the levels of antioxidant enzymes SOD and CAT, suggesting that A.aspera 

+ β-Glucans could assist in avoiding oxidative damage and improving the healing process. 

Because SOD catalyzes O2-dismutation and produces H2O2, whilst CAT or peroxidases 

remove it, it appears logical to assume that ROS activity is coordinated. SOD-1 catalyzes the 

dismutation of potentially dangerous superoxide radicals into dioxygen and hydrogen peroxide. 

The extract-treated group had a considerable increase in CAT activity suggests that CAT might 

appropriately neutralize H2O2 accumulated due to increased SOD activity. Reduced 

glutathione (GSH) is a significant endogenous thiol antioxidant in biological systems, serving 

as a cofactor for GPx to remove lipid hydroperoxide.63 Furthermore, endogenous antioxidants 

such as SOD, GSH, and CAT were decreased in diabetic rats, impacting wound repair and 

decreasing wound healing compared to diabetic control rats. Diabetes patients have higher 

levels of LPO and MDA, a secondary metabolite of LPO used as a biomarker to measure the 

extent of osmotic damage in an organism.  It is formed when polyunsaturated lipids are 

degraded by reactive oxygen species (ROS).64 The injection of A.aspera + β-Glucans 

dramatically reduced serum MDA levels in this investigation. Flavonoids are also powerful 

antioxidants and free radical scavengers that protect cells from oxidative damage.65,66 

Flavonoids hydroxylation and alkoxylation patterns are crucial factors in determining their 

antioxidant activity.67 According to recent research, saponin-rich n-BF extracted from the 

entire plant of A. aspera suppressed pro-inflammatory cells and reduced oxidative stress, 

perhaps owing to saponin's direct antioxidant effect mixed with an increase in the body's natural 

antioxidant enzyme-mediated defence system.68 

Furthermore, β-glucan binding to TLRs activates macrophages and causes reactive oxygen 

species (ROS) to be released. After phagocytosis of intruding cells, the binding stimulates 

intracellular activities such as the respiratory burst (formation of free radicals and ROS such as 

superoxide radicals, hydrogen peroxide, NO, HOI [hypoiodous acid]), HOCl [hypochlorous 

acid. etc]. It causes an increase in the content and function of hydrolytic and metabolic 

enzymes, as well as signaling mechanisms that activate other phagocytes and cause the release 

of cytokines and other inflammatory mediators (e.g., IL-9, IL-1, tumour necrosis factor– 
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[TNF]).
69 As shown in this work and many others,12, 68 A.aspera's high anti-oxidant activity 

would have an added benefit when combined with β-glucan, as A.aspera serves to neutralize 

the ROS created by β-glucan binding to TLRs. At the same time, the natural anti-oxidant 

activity of β-glucans cannot be overlooked. β-glucan derived from baker's yeast has antioxidant 

effects (Saccharomyces cerevisiae) were tested using six different assays (DPPH inhibition 

activity, Chelating ability on ferrous ions, Ferric-reducing antioxidant power assay, ABTS 

assay, Inhibition of lipid peroxidation, Antioxidant activity against oxidative damage to DNA), 

and the property amplified significantly (P≤0.05) in a dose-response fashion .70 

The anti-inflammatory efficacy of A.aspera + β-Glucans was revealed in a rat model of paw 

edema induced by carrageenan. The anti-inflammatory impact of A. aspera + β-Glucans was 

significant in varied proportions of inhibition (P<0.01) at all periods. However, the most 

significant oedema inhibition percentage was reported 4 hours after induction (P<0.01). This 

is compatible with A. aspera's chloroform fraction having anti-inflammatory properties in 

vitro.71 The antiedematogenic efficacy was best in the latter phases of inflammation, 

comparable to the effect of nonsteroidal anti-inflammatory drugs like indomethacin, showing 

that the antiedematogenic activity is probably mediated by a cyclooxygenase enzyme inhibiting 

mechanism.72 The anti-inflammatory impact of A. aspera + β-Glucans could be linked to the 

actions of A. aspera secondary metabolites. Flavonoids and alkaloids showed anti-

inflammatory properties by disrupting the arachidonic acid metabolism pathway.73-75 These 

could cause A. aspera + β-Glucans highest percentage reduction of inflammation in the hind 

paw edema model induced by carrageenan. 

A. aspera + β-Glucans demonstrated a statistically substantial reduction of both granuloma 

formation and exudate in the cotton pellet model. The sizable inhibitory effect of A. aspera + 

β-Glucans on exudate generation (P<0.01) (Table 6) reaffirm the findings of the carrageenan-

induced edema model, indicating that both evidence supports the effectiveness of A. aspera + 

β-Glucans in lowering the exudative and proliferative components of inflammation. The 

combination's efficacy in reducing the proliferative period of inflammation, as evidenced by 

the greatest percentage of inhibition, is rationalized by the statistically significant suppression 

of granuloma formation (53.33%) (P<0.01). 

IL-6 and TNFα induction was found as quickly as 12–24 hours after cutaneous injury, and these 

elements play a vital role in wound healing's inflammatory phase by promoting angiogenesis.76 

IL-6 and TNFα levels were marginally lower in A.aspera + β-Glucans treated rats 24 hours 
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after wounding, according to our findings. As a result, A.aspera + β-Glucans did not affect pro-

inflammatory cytokines derived from macrophages during the early stages of recovery. 

Treatment with A.aspera + β -Glucans, on the other hand, raised IL-10 levels on days 1 & 8 

after wounding. It's worth noting that IL-10 is a cytokine with anti-inflammatory properties 

produced by T lymphocytes and macrophages.77 The wound-healing environment appears to 

be influenced by IL-10, which lowers the expressiveness of profibrotic/proinflammatory 

mediators, resulting in less inflammatory cell recruitment to the wound.77 A.aspera + β-

Glucans treatment boosted serum IL-10 levels while also lowering TNF and IL-6 expression, 

particularly on day eight following wounding. TNFα has been reported to hinder collagen 

creation and hydroxyproline production, both required for wound healing's final proliferative 

phase.78 According to the findings, A.aspera + β-Glucans controls proinflammatory and anti-

inflammatory cytokines and the systemic immunological pathways linked to them, resulting in 

cellular proliferation. 

Burn wounds are more difficult to cure because they generate a change in the skin by generating 

a lesion in the corneal layer, which is enough to cause the skin to lose its barrier function.79 

Our findings revealed that the recorded erythema, thickness, and inflammation in control group 

animals, were nearly restored to normalcy in silver sulfadiazine and A.aspera + β-Glucans 

treated groups. As a result, A.aspera + β--Glucans demonstrated intense wound healing activity 

in various animal models. 

 

Conclusion:    

The current study found that A.aspera + β-Glucans has promising and repeatable wound 

healing characteristics in diabetic wounds, as revealed by increased contraction of wounds and 

epithelization time in excision and thermal burn wound models. In the incision wounds, the 

breaking strength of wounds was raised in the A.aspera + β-Glucans treated groups, supported 

by higher hydroxyproline and antioxidant enzymes (SOD and CAT) in cotton pellet model. 

The anti-oxidant and anti-inflammatory activity of phytoconstituents contained in A.aspera and 

promotion of wound repair by immunological and non-immune mechanisms of β-Glucans may 

explain the wound-healing capabilities of A.aspera + β-Glucans. However, additional research 

is required to confirm the current findings. 
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