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CHAPTER I 
 

INTRODUCTION 
 

Thermal injury is more commonly induced in tissue by sudden application of 

excessive thermal energy. A thermal insult to the skin is followed by a dynamic response 

in microcirculation, inducing a pronounced release of numerous noxious vasoactive 

agents (Korthuis, Anderson and Granger, 1994; Mayers and Johnson, 1998). 

Vasodilatation and increased microvascular permeability cause rapid formation of local 

edema, followed by reduction in perfusion, impaired circulation, leading to local tissue 

ischemia (Kloppenberg, Beerthuizn and Ten Duis, 2000), which ultimately leads to 

several degrees of cellular dysfunction, local progressive skin necrosis and distant 

organ injury in burns (Till et al., 1989; Demling and LaLonde, 1990; Thompson et al., 

1990). 

 

 Free radicals and their scavenging system are also known to play a very 

important role in healing of normal and delayed healing type of wound (Shula, Rasik and 

Patnaik., 1997; McDaniel et al., 1998). Therefore, it is possible that some kind of 

correlation exists between altered free radical cascades and delayed wound healing. 

Thus, any factors that could reduce lipid peroxidation (and consequently the 

malondialdehyde (MDA) formation, a stable end product of lipid peroxidation) might 

help promote the healing of burn injury (Mallikarjuna et al., 2002).  

 

Optimum treatment of the wound reduces morbidity and mortality. It also 

shortens the time for healing and return of normal function and reduces the need for 

secondary reconstruction (Papini, 2004). Factors affecting wound healing include 

wound care, good nutrition, improvement of the blood supply of partial-thickness burns, 

prevention of burn wound infection, reduction of wound edema formation (Cioffi, 2001; 

Sim, 2002), associated illness such as diabetes mellitus (DM) (Napoli et al., 1999; 

Blakytny and Jude, 2006).  
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Diabetes mellitus is a chronic metabolic disorder that continues to present a 

major worldwide health problem. It is characterized by absolute or relative deficiencies 

in insulin secretion and/or insulin action associated with chronic hyperglycemia and 

disturbances of carbohydrate, lipid and protein metabolism. As a consequence of the 

metabolic derangements in diabetes, various complications develop including both 

macro- and microvascular dysfunctions (Duckworth, 2001). Various studies have shown 

that diabetes mellitus is associated with increased formation of free radicals and 

decrease in antioxidant potential. It is accepted that oxidative stress results from an 

imbalance between the generation of oxygen derived radicals and the organism’s 

antioxidant potential (Abdollahi et al., 2004). It is evident that hyperglycemia results in 

the generation of reactive oxygen species (ROS), ultimately leading to increased 

oxidative stress in variety of tissues (Evans et al., 2002). In both insulin dependent 

(type1) and non-insulin dependent diabetes (type2) there is increased oxidative stress 

(Nazirogilu and Butterworth, 2005). 

 

Abnormal cellular functioned, particularly of fibroblast and neutrophil, absence 

of cellular growth and migration of epidermis over the wound, together with narrowing or 

occlusion of the blood vessels within the edge of the wound (Ferguson et al., 1996). 

Delayed wound healing and ulcer formation in diabetes us associated with  poor local 

blood supply, infection, callus formation (Ehrlichman et al., 1991; Jeffcoate and Harding, 

2003) and the effect of hyperglycemia (insulin insufficiency or resistance) (Napoli et al., 

1999).  

 

Cutaneous thermal wound management is still a great problem. Burned wound 

care is needed according to the severity of burn. The concepts of optimum minor burn 

wound management remained focused on avoiding wound infection, generally treated 

with topical antibiotics agent or ointment, occlusive dressing (closed method) and wet 

dressing (generally treated with normal saline solution) since epithelialization progresses 

fasten in a moist environment. While severe burns are considered an emergency, 

requiring hospitalization. These injuries are most difficult to assess and treat. 

(Heimbach, Mann and Engrav, 1996; Papini, 2004) 
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Even in developed countries, more than 2 million individuals annually are burned 

seriously and required medical treatment (Levy and Moskowitz, 1982). Topical 

antibiotics are used routinely in the forms of antimicrobial creams e.g. silver 

sulphadiazine (Flamazine) applied locally to injury skin after cleaning. 

 

Silver sulphadiazine (Fox et al., 1968), is thought to act via inhibition of DNA 

replication and modifications of the cell membrane and cell wall. It is used for prevention 

and treatment of infection in second-and third-degree burns. However, treatment falls 

with continued use in large burns (> 50 % TBSA). Though it is a broad spectrum 

antimicrobial, it has the disadvantage of not being absorbed through eschar. Thus, it is 

not effective in the wound that has eschar or infection. The side effects of this agent are 

rash and transient leukopenia. Due to bone marrow suppression, the use of silver 

sulphadiazine in G6PD patient may cause hemolytic anemia (Lodah, Samplh and Fox 

1988; Noronha and Almeida, 2000; Chaiyaphruk, 2003). 

 

Despite many advanced medical treatments, we still have to encounter the side 

effects and high expense. Thailand has many kinds of herbal products which have long 

been used in traditional medicine; the government has tried to build up self-reliance on 

drug supply by promoting the uses of traditional medicine. Medicinal plants are 

recommended to be grown and used in the households and community hospitals. 

Malvastrum coromadelianum (L.) Garcke (MC) or “Dai-Kat” or “Ya-Tevada” in Thai is 

one of medicinal plants scientifically investigated by the Medicinal Plant Research 

Institute, Department of Medical Sciences, Ministry of Health of Thailand. Common name 

is Prickly Malvastrum. MC, belonging to Malvastrum family, It is perennial or annual 

(sometimes), broad-leaved, erect herbs or shrubs (sub shrub), up to 0.5 (-1.5) m high. It 

is Thai medicine plant that has been claimed to treat diabetes mellitus. 

 

 

Rattanajarasroj et al., (2004) reported that MC-1 extract (a portion of water 

extract MC showed a significant hypoglycemic activity in alloxan-induced diabetic rats. 

It significantly reduced blood sugar levels lower than those of the control, after an oral 
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3.2.2 Preparation of aqueous extract of Malvastrum coromandelianum  
 
Leaves and stem of MC dried at 60°C, pulverized and then extracted three times 

by distilled water. First extractions were made by 80°C distilled water with a ratio of 100 

l/10 kg. Dry weight for 7-8 hours and then filtered.  

 

 The concentration of MC water extract used in this study was 1, 5 and 10 w/v in 

distilled water in freshly prepared solution. Initially, 0.01, 0.05 and 0.1 gm of the extract 

were dissolved in 9 ml of distilled water. Volume was adjusted for obtain 1%, 5% and 

10% (w/v) of the extract of using to be used 

 

                                                          Aerial parts 

                                             Dried and pulverized 

                                                    

                                                 Extract with distilled water                  

                                                                               80° C for 7-8 hrs, filtered (1) 

                                                  

                                               Residuce+50L distilled water 

                                                                                80° C for 7-8 hrs, filtered (2)                                                 

                                                     

                                                 Residuce+50L distilled water 

                                                                                 80° C for 7-8 hrs, filtered (3)  

                                                       

                                                Add the filtrate (1, 2, and 3)           

                                                                          Spray-dried 

         

                                                     Pink-brown powder 

                                                        Stored at 5° C 

                                                                    

 

                                 Figure 3.1 Extraction procedure 
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3.2.3 Microbial limit test 
 

The microbial limit tests are designed to perform the qualitative and quantitative 

estimations of specific viable microorganisms present in MC samples before applying to 

the animals. Samples are mixed in sterile distilled water and used as the test fluid. The 

fluid samples are streaked into a sterile agar sample (Mueller-Hinton Agar) in a aseptic 

petri dish and incubated at 37°C for 24 hours. The numbers of microorganism of 

samples are counted.  

        
3.2.4 Induction of second degree of burn injury  
 

The effect of MC extract on burn was investigated using the method of 

Soomboonwong et al. (2002) which was modified from Zawacki (1974). The animals 

were anesthetized with sodium pentobarbital 60 mg/kg B.W., intraperitoneally. Back of 

animals between lower parts of scapulas were shaved and depilated. Second-degree 

skin burn was made by placing the 90°C hot plate (diameter 2 cm) (Figure 3.2) on the 

selected area of the back for 10 s (Sener et al., 2002; Cakir et al., 2004). The wounded 

area of each animal was measured immediately after burning on day 3, 7 and 14 posts 

burning (Figure 3.3). It involves about 12.5 cm, approximately 2.5% of the total body 

surface area of animal. The color photograph of the wounds was taken by using digital 

camera and areas of wound were measured by using Image Tool v.30. The degree of 

wound healing was calculated by the method as described by Reddy et al. (2002). The 

animals were housed and were fed with commercial pellet and free access of water for 

3, 7 and 14 days in which the wound were treated daily with one of the test substances 

(1ml) topically. On days 3, 7 and 14 posts burning, the animals were sacrificed with 

chloral hydrate 100 mg/kg B.W., intraperitoneally. One-half of the tissue samples in the 

healed wound were isolated from each animal for histological examination and another 

half was used for lipid peroxidation assay.         
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Figure 3.2Electrical hot plate 

 

 

 

                               
 

Figure 3.3 The area prepared for wounding of burn wound. The burned area of  

     animal was measured immediately after burning. The color     

       photograph of the wounds  were taken by using digital camera,  

       the wound area was indicated by circle line (Bar = 2 cm) 
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3. 2.5Animal preparation 
 
A total of 180 male Wistar rats were divided into two groups of 90 animals each 

for non-diabetic rats and diabetic rat. In each group, the animals were subdivided into 

six subgroups of 18 animals each. 

 

Non-diabetic group: The animals were divided randomly into five groups as follows: 

 

1. Non-diabetic rat burn without treatment 

2. Non-diabetic rat burn treated with normal saline solution (NSS) 

3. Non-diabetic rat burn treated with 1% MC extract 

4. Non-diabetic rat burn treated with 5% MC extract 

5. non-diabetic rat burn treated with 10% MC extract 

 

Diabetes group: The animals were divided randomly into five groups as follows: 

 

1. DM rat burn without treatment 

2. DM rat burn treated with normal saline solution (NSS) 

3. DM rat burn treated with 1%MC extract 

4. DM rat burn treat  with 5%MC extract 

5. DM rat burn treat  with 10%MC extract 

 

In addition 18 animals (9 in diabetics and 9 in non-diabetics) without wound 

were used as references in measurement of blood flow and MDA. 

 

In day 3, 7, 14, six animals from each group were randomly taken for the 

evaluation of the wound.  
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Adult Male Wistar  rat 
Weight 250-300 g g 

 
 
 
 
 
 
 
                      Figure 3.4 Diagram of experimental animal group 
 
 
 
 
 
 
 
 
 
 
 

  

   
 

 

   No Rx     NSS     1% MC   5% MC    10% MC   Unwounded   No Rx   NSS   1% MC  5% MC 10% MC 

 
(n = 18)      (n = 18)     (n = 18)       (n = 18)       (n = 18)                             ( n = 18)  (n = 18)      (n = 18)      (n = 18)   (n = 18) 

3, 7, 14 day 

Non-DM DM (n = 99) (n = 99) 

UUnnwwoouunnddeedd  
(n = 9)   (n = 9)   

1. Degree of wound healing: Size of wound 

2. Cutaneous blood flow: Laser Doppler Flowmeter 

3. Antioxidant activity: Lipid peroxidation assay (MDA) 

   4. Histological study: Hematoxylin and Eosin dyes 
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3.3 Evaluation of burn wound 
 

3.3.1General appearance of the wound                     
 

The lesion of wounds was grossly examined on day 3, 7, and 14 posts burning. The 

wounds were examined in terms of color, exudates, swelling of wound surface and the 

consistency of surrounding wound tissue.    

 
3.3.2Wound healing 

 

On day 3, 7 and 14 posts burning, the color photographs of the wounds were taken 

by digital camera. The areas of wound were measured by Image Tool v.30 and the 

degree of wound healing was calculated using the following formula (Reddy et al, 2002) 

  

The degree of wound healing (%) =  1  - wound area on corresponding day (cm²)  x 100
                                                                      wound area on zero day (cm²) 

 
 

3.3.3Cutaneous blood flow 
 

Measurement of cutaneous blood flow using Laser Doppler Flowmeter (LDF, 

Figure 3.5) was performed according to Lindbloma et al. 2000 (Figure 3.5). The 

method, modified from Eun (1995) and Fagrell (1995), was used in this study. The 

needle probe was fixed perpendicularly to and above the skin about 1 mm. Five 

different measurements (at the center and four corners) were performed at each 

time and the mean value was used for calculation of the percent change compare 

with the normal untreated rats (Figure 3.6).  
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              Figure 3.5 Laser Doppler flowmeter  

 

 

 

 

 

 

     

 

      

 

 

Figure 3.6 Selected position in the wound area for  

the measurement of blood flow  
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3.3.4Lipid peroxidation assay 
 

Lipid peroxidation was determined by measuring the level of malondialdehyde 

(MDA) which is an end product of lipid peroxidation using the method described by 

Madreson, 1985 and Wei et al. 2002. Sample of skin weighing 0.17-0.25 g were 

homogenized in 1.8 ml of 10% trichloracetic acid and 0.2 ml of butylatehydroxy toluene 

in methanol (0.5 g/L). The homogenate was heated at 100°C for 30 min and cooled 

down at the room temperature. After centrifugation at 3000 rmp, the resultant 

supernatant was mixed with the equal volume of 0.67% 2-thiobarbituric acid and 

incubated at 100°C for another 30 min and then centrifuged at 3000 rpm for 10 min. 

Concentration of MDA was calculated based on the absorbance determined by a 

spectrophotometer at 532 nm and the final result was expressed as nmol of MDA per 

g/tissue of skin.    

  
3.3.5Histological analysis  
 

The specimen of skin, 0.5 cm in size, was taken from half of  the burn area. The 

tissue were preserved in the fresh fixative aqueous 10% neutral buffered formalin 

solution for at least 24 hrs and embedded in paraffin. The section of 20 μm in 

thickness were cut and stained with hematoxylin and eosin dyes. The light 

microscope (Nikon 516609) with x4 and x10 objective lens was used.  

 
3.4Statistical analysis  
 

Results are presented as mean + S.E.M. The differences among experimental 

groups were compared by one-way ANOVA followed by Least significant different 

test (LSD) and were considered statistically when P was less than 0.05. 

 

 

 



CHAPTER IV 
 

RESULTS 
 

4.1 The degree of wound healing 
  

The degree of wound healing was calculated on day 3, 7 and 14 posts burning 

by using the formula previously described (Reddy, 2002). 

 
4.1.1 Non-diabetic rats  
 

4.1.1.1 Day 3 post burning 
 
On day 3 post burning, the degree of wound healing of untreated (14.00 

± 1.91%) was not significantly different from NSS-treated group (20.5 ± 4.05%). 

In the extract-treated group, degree of wound healing in 1% (33.83 ± 3.34%) but 

not 5% (27.00 ± 2.16%) and 10% (20.33 ± 3.12%) of MC extract were 

significantly different from those found in NSS-treated group (Figure 4.1). 
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Figure 4.1 Degree of wound healing on day 3 post burning in non-diabetic rats.   

                  noRx = untreated 

       NSS = Normal saline solution 

                  MC = aqueous extract of Malvastrum coromedelianum Linn.  

                   Values are means + SEM; n=6  

                   * Significant difference as compared to untreated (p<0.05)  

                   $ Significant difference as compared to NSS-treated group (p<0.05) 

                   # Significant difference as compared to 10%MC group (p<0.05) 
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4.1.1.2 Day 7 posts burning 
 

On day 7 posts burning, a similar profile of response, but with higher 

degree of wound healing was noted. The degree of wound healing of untreated 

(39.83 ± 3.34%) was not significantly different from NSS-treated group (43.16 ± 

3.85%). Degree of wound healing in 1% (63.83 ± 4.14%) but not 5% (56.5 ± 

5.31%) and 10% (48.00 + 4.98%) of MC extract were significantly different from 

found  those in NSS-treated (Figure 4.2). 
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Figure 4.2 Degree of wound healing on day 7 post burning in non-diabetic rats.   

                  noRx = untreated  

       NSS = Normal saline solution 

                  MC = aqueous extract of Malvastrum coromedelianum Linn  

                  Values are means + SEM; n=6  

                   * Significant difference as compared to untreated (p<0.05)  

                   $ Significant difference as compared to NSS-treated group (p<0.05) 

                   # Significant difference as compared to 10%MC group (p<0.05) 
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4.1.1.3 Day 14 posts burning 
 

On day 14 posts burning, further increases degree of wound healing was 

noted in all experiment groups. In contrast to the healing on day 3 and 7, the 

wound healing effect of 10% MC was demonstrated. The degree of wound 

healing in untreated (73.50 ± 5.43%) was not significantly different from NSS-

treated group (81.83 ± 3.36%). Similar the degree of wound healing (95.16 ± 

2.50%, 96.83 ± 1.44% and 95.16 ± 3.52% were observed in 1%, 5% and 10% of 

MC extract-treated rats) were significantly different from NSS-treated group 

(figure 4.3). 
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Figure 4.3 Degree of wound healing on day 14 post burning in non-diabetic rats.   

                  noRx = untreated 

       NSS = Normal saline solution 

                  MC = aqueous extract of Malvastrum coromedelianum Linn.    

                   Values are means + SEM; n=6  

                    * Significant difference as compared to untreated (p<0.05)  

                    $ Significant difference as compared to NSS-treated group (p<0.05) 

                    # Significant difference as compared to 10%MC group (p<0.05) 
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4.1.2 DM rats 
 

4.1.2.1 Day 3 posts burning 
 

On day 3 post burning in diabetes rats, the degree of wound healing in 

untreated (12.33 ± 2.18%) was not significantly different from NSS-treated group 

(15.83 ± 6.19%). Furthermore, the degree of wound healing in 1%MC (28.16 ± 

3.84%) was significantly different from untreated group (Figure 4.4). 
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Figure 4.4      Degree of wound healing on day 3 post burning in diabetic rats.   

                        noRx = untreated 

            NSS = Normal saline solution 

                       MC = aqueous extract of Malvastrum coromedelianum Linn.  .    

                         Values are means + SEM; n=6  

                        * Significant difference as compared to untreated (p<0.05)  
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4.1.2.2 Day 7 post burning 
 

On day 7 post burning in diabetes rats, The degree of wound healing in 

untreated (19.66 ± 1.47%) was not significantly different from  NSS-treated group     

(20.83 ± 3.28%). In contrast, the degrees of wound healing in the animals from 

extract-treated group (37.66 ± 2.61%, 30.50 ± 4.19%, 31.00 ± 3.54% in 1%, 5% 

and 10%MC water extract respectively) were significantly different from 

untreated and NSS-treated group (Figure 4.5). 
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Figure 4.5      Degree of wound healing on day 7 post burning in diabetic rats.   

                        noRx = untreated 

            NSS = Normal saline solution 

                       MC = aqueous extract of Malvastrum coromedelianum Linn.  .  .    

                        Values are means + SEM; n=6  

                        * Significant difference as compared to untreated (p<0.05)  

                        $ Significant difference as compared to NSS-treated group (p<0.05) 
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4.1.2.3 Day 14 post burning 
 

Similar results were observed on day 14 post burning in diabetes rats. 

The degree of wound healing in untreated animals (55.50 ± 3.97%) was not 

significantly different from NSS-treated group (57.83 ± 9.36%). Degree of wound 

healing in 1%MC, 5%MC and 10%MC were significantly different from untreated 

group and NSS-treated group (74.16±6.12%, 74.00±7.40%, 75.16±8.06% 

respectively). (Figure 4.6) 
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Figure 4.6      Degree of wound healing on day 14 post burning in diabetic rats.   

                        noRx = untreated 

            NSS = Normal saline solution 

                       MC = aqueous extract of Malvastrum coromedelianum Linn.      

                         Values are means + SEM; n=6  

                        * Significant difference as compared to untreated (p<0.05)  

                        $ Significant difference as compared to NSS-treated group (p<0.05) 
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4.2 Gross pathology evaluation 
 

Gross pathological evaluation was made on day 3, 7 and 14 after burning by 

an observation of wound lesion and assessment of degree of wound healing. 

 
4.2.1 General appearance of the wound in normal rats 
 

4.2.1.1.1Non-diabetic rats 
 

On day 3, the wound in untreated, NSS-treated group become swelling 

and exudates (Figure 4.7A, 4.7B). Comparatively, the wound in all MC extract 

treated group showed wound surface was rather dry (Figure 4.7C, 4.7D, 4.7E).  

 

On day 7, the wound in untreated, NSS, 1%, 5%, and 10%MC extract 

showed red color, thickening of the wound size remain reduced from the first 

day. Most of wound treated with MC extract showed wound contraction, smaller 

in size compared the untreated and NSS-treated group (Figure 4.8 A-E). 

 

On day 14, which was the end of experiment, untreated and NSS-treated 

group showed delay of epithelialization and the wound size were slightly 

decreased compared with those at the beginning. The wound in MC extract 

group showed complete of wound area (Figure 4.9 A-E). 
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Figure 4.7 Burn wound on day 3 post burning in non-diabetic rats.  

 

                 A) Untreated wound             B) Non-DM Burn+NSS          

                 C) Non-DM Burn+1%MC     D) Non-DM Burn+5%MC     

                 E) Non-DM Burn+10%MC 
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Figure 4.8    Burn wound on day 7 post burning in non-diabetic rats.  

 

                 A) Untreated wound             B) Non-DM Burn+NSS          

                 C) Non-DM Burn+1%MC     D) Non-DM Burn+5%MC     

                 E) Non-DM Burn+10%MC 
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 Figure 4.9 Burn wound on day 14 post burning in non-diabetic rats.  

 

                 A) Untreated wound             B) Non-DM Burn+NSS          

                 C) Non-DM Burn+1%MC     D) Non-DM Burn+5%MC     

                 E) Non-DM Burn+10%MC 
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4.2.2 General appearance of the wound in diabetic rats 
 
On day 3 post burning, wound in untreated and NSS-treated groups showed 

modulated exudation and swelling. All wound in MC extract treated group showed dry 

wound surface, progressive wound contraction and reduced of wound size (Figure 4.10 

A-E). 

 

On day 7, wound in untreated and NSS-treated group showed swelling and 

red color, thickening of the skin at the wound and the wound size slightly decreased 

compared with those at beginning. MC extract group showed decreased in wound size 

(Figure 4.11 A-E). 

 

On day 14, wound size in untreated and NSS-treated remains swelling and 

wound surface covered by scabs. MC extract group showed remarkable decrease in 

wound size and continuous growth hair at wound site (Figure 4.12 A-E). 
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    Figure 4.10 Burn wound on day 3 post burning in diabetic rats.  

 

                 A) Untreated wound             B) DM Burn+NSS          

                 C) DM Burn+1%MC             D) DM Burn+5%MC     

                 E) DM Burn+10%MC 
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Figure 4.11 Burn wound on day 7 post burning in diabetic rats.  

 

                 A) Untreated wound             B) DM Burn+NSS          

                 C) DM Burn+1%MC             D) DM Burn+5%MC     

                 E) DM Burn+10%MC 
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4.12 Burn wound on day 3 post burning in diabetic rats.  

               A) Untreated wound             B) DM Burn+NSS          
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                 C) DM Burn+1%MC             D) DM Burn+5%MC     

                 E) DM Burn+10%MC 
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4.3  Skin blood flow (Laser Doppler Flowmeter measurements) 

4.3.1 Non-Diabetic rats 

4.3.1.1 Skin blood flow on day 3  

Skin blood flow measured at the wound, on day 3 after wounding at 

the cen

 , The skin blood flow of each 

group (

tly 

 

 

 

 

ter and surround area see Figure 3.6 

 Skin blood flow on day 3 post burning

228.08 ± 16.04% , 236.65 ± 27.69% , 236.75 ± 26.21% , 212 ± 

12.30%  in NSS , 1%MC , 5%MC , 10%MC respectively) were significan

different from untreated group ( 125.70±12.05% ). (Figure 4.13) 
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igure 4.13      Skin blood flow on day 3 post burning in non-diabetic rats.   

astrum coromedelianum Linn. 

F

                         noRx = untreated  

             NSS = Normal saline solution 

                         MC = aqueous extract of Malv

                         Values are means + SEM; n=6  

                         * Significant difference as comp rea d to untreated (p<0.05) 
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4.3.1.2 Skin blood flow on day 7 (Figure 4.14) 

f untreated group 

(124.62 25.03%) 

On day 7 post burning, skin blood flow o

±10.49), NSS-treated (151.33 ± 25.03%) 10%MC (151.67 ± 

were significant different as compared to 1%MC (242.42 + 10.94%) and 

5%MC group (221.11 ± 14.01%)   
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igure 4.14      Skin blood flow on day 7 post burning in non-diabetic rats.   

astrum coromedelianum Linn.  

 
F

                         noRx = untreated  

             NSS = Normal saline solution 

                         MC = aqueous extract of Malv

                         Values are means + SEM; n=6  

                        * Significant difference as compared to untreated (p<0.05)  

p<0.05)                         $ Significant difference as compared to NSS-treated group (

                        # Significant difference as compared to 10%MC group (p<0.05) 
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3.1.2 Skin blood flow on Day 14 post burning  

The skin blood flow of untreated group (76.98±8.47%) was not  

significant different as compared to each group (91.78 ± 11.11%, 103.17 ± 

 

  

 

13.30%, 106.18 ± 6.24% , 86.98 ± 10.48%  in NSS 1%MC , 5%MC , 10%MC

treated group respectively) (Figure 4.15) 
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igure 4.15     Skin blood flow on day 14 post burning in non-diabetic rats.   

astrum coromedelianum Linn. 

 
F

                         noRx = untreated  

             NSS = Normal saline solution 

                         MC = aqueous extract of Malv

                         Values are means + SEM; n=6  
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4.3.2 DM rat 

4.3.2.1 Skin blood flow on day 3  

On day 3 posts burning, skin blood flow of untreated group 

(58.51±  The skin 

as 

 

 

 

8.87%) was not significant different from NSS-treated group.

blood flow of 1%MC (179.22± 21.76%) and 5%MC (151.86±27.13%) different 

compared to untreated and NSS-treated group (69.57±21.76%). Furthermore, 

1%MC was significant different as compare to 10%MC (212.61±12.03) (Figure 

4.16). 
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igure 4.16     Skin blood flow on day 3 post burning in diabetic rats.   

astrum coromedelianum Linn. 

F

                         noRx = untreated  

             NSS = Normal saline solution 

                         MC = aqueous extract of Malv

                         Values are means + SEM; n=6 

                         * Significant difference as compared to untreated group (p<0.05)  

)                         $ Significant difference as compared to NSS-treated group (p<0.05

                          # Significant difference as compared to 10%MC group (p<0.05) 
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4.3.2.2 Skin blood flow on Day 7  

n diabetes rats .The skin blood flow of 1%MC 

(230.75

blood 

7) 

 

On day 7 post burning i

 ±25.50%) was significant different compared to untreated 

(145.46±13.34%) and NSS-treated group(142.16±8.24%). The skin 

flow of untreated was not significant different from NSS treated. (Figure 4.1
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igure 4.17      Skin blood flow on day 7 post burning in diabetic rats.   

astrum coromedelianum Linn. 

 
F

                         noRx = untreated  

             NSS = Normal saline solution 

                         MC = aqueous extract of Malv

                         Values are means + SEM; n=6  

                         * Significant difference as comp nared to u treated group (p<0.05)  

)                         $ Significant difference as compared to NSS-treated group (p<0.05
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4.3.2.3 Skin blood flow on Day 14 post burning  

On day 14 post burning in diabetes rats, the skin blood flow of untreated 

(132.91

 

 

 

±16.45%) was not significant different from NSS treated (141.51 

±22.02%). 1%and 5%MC extract (296.55±39.71%, 277.95±39.75%) were

significant different from untreated group. (Figure 4.18) 
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igure 4.18      Skin blood flow on day 14 post burning in diabetic rats.   

astrum coromedelianum Linn. 

 
 
F

                         noRx = untreated  

             NSS = Normal saline solution 

                         MC = aqueous extract of Malv

                         Values are means + SEM; n=6 

                         * Significant difference as compared to untreated group (p<0.05)  

)                         $ Significant difference as compared to NSS-treated group (p<0.05
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4.4 Lipid peroxidation assay 

4.4.1 Non-Diabetic rat 

4.4.1.1 Lipid peroxidation on days 3  

The level of MDA in skin after burn injury on day 3, the group of 1%MC 

(4.87 ± 

 

 

 

0.88 nmol/g tissue), 5%MC (5.94 ± 0.79 nmol/g tissue) and 10% (6.14 + 

). 

2.29 nmol/g tissue) was significant different as compared to untreated group 

(9.21 ± 1.01 nmol/g tissue). However, 1% MC, 10%MC, 5%MC and untreated 

group were not significant different from NSS-treated (7.21 ± 0.77 nmol/g tissue

Our results showed that MC extract inhibit of burn injury induced MDA 

production in the wound sites. (Figure 4.19) 
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Figure 4.19      MDA level on day 3 post burning in non-diabetic rats.   

astrum coromedelianum Linn.   

                         noRx = untreated  

             NSS = Normal saline solution 

                         MC = aqueous extract of Malv

                         Values are means + SEM; n=6 

                         * Significant difference as compared to untreated group (p<0.05)  
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4.4.1.2 Lipid peroxidation on days 7  
 

The level of MDA in skin after burn injury on days 7.  The group of 1%, 

5%, 10%

ted 

 

MC and NSS- treated group (6.13±0.76, 7.50±0.41, 8.62±0.84, 

8.32±0.69 nmol/g tissue) were significant different as compared to untrea

group (11.81±1.11 nmol/g tissue), similar to day 3. 
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igure 4.20     MDA level on day 7 post burning in non-diabetic rats.   

astrum coromedelianum Linn.   

 

 

F

                         noRx = untreated  

             NSS = Normal saline solution 

                         MC = aqueous extract of Malv

                         Values are means + SEM; n=6 

                         * Significant difference as compared to untreated group (p<0.05)  
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4.4.1.3 Lipid peroxidation on days 14 in burn wound 

The level of MDA in skin after burn injury on day 14, MDA level of each 

group w  

 

 

ere not significant different (6.85 ± 0.28, 6.41 ± 0.67, 5.86 ± 0.54, 5.91 ±

0.29, 6.06 ± 0.73 nmol/g tissue in untreated, NSS-treated, 1%MC, 5%MC, 

10%MC) (Figure 4.21). 

 

MDA; Normal; Day 14

0

2

4

6

8

10

12

14

Normal noRx NSS MC1% MC5% MC10%

Group

nm
ol

/g
 ti

ss
ue

Normal
noRx
NSS
MC1%
MC5%
MC10%

 
 

igure 4.21      MDA level on day 14 post burning in non-diabetic rats.   

astrum coromedelianum Linn.   

 
F

                         noRx = untreated  

             NSS = Normal saline solution 

                         MC = aqueous extract of Malv

                         Values are means + SEM; n=6 
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4.4.2 DM rat 

4.4.2.1 Lipid peroxidation on days 3  

The level of MDA in skin after burn injury on day 3, MDA level of each 

group w 1, 

 

 

 

ere not significant different as compared to untreated group(8.16 ± 2.1

6.71 ± 0.86, 4.45 ± 0.41, 4.71 ± 0.85, 5.74 ± 0.49 nmol/g tissue in untreated, 

NSS-treated, 1%MC , 5% MC, 10% MC treated group respectively). 
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igure 4.22     MDA level on day 3 post burning in diabetic rats.   

astrum coromedelianum Linn.     

 

F

                         noRx = untreated  

             NSS = Normal saline solution 

                         MC = aqueous extract of Malv

                            Values are means + SEM; n=6 
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4.4.2.2 Lipid peroxidation on days 7  
 

group w 6, 

 

 
The level of MDA in skin after burn injury on day 7, MDA level of each 

ere not significant different as compared to untreated group(8.00 ± 0.3

8.17 ± 1.07, 6.62 ± 0.39, 7.29 ± 0.94, 8.88 ± 1.11 nmol/g tissue in untreated, 

NSS-treated, 1%MC, 5%MC, 10% MC). (Figure 4.23) 

 

 

0

2

4

6

8

10

12

14

noRx NSS MC1% MC5% MC10%

Group

nm
ol

/g
 ti

ss
ue noRx

NSS
MC1%
MC5%
MC10%

 
 

igure 4.23     MDA level on day 7 post burning in non-diabetic rats.   

astrum coromedelianum Linn.   

 
 
 
F

                         noRx = untreated  

             NSS = Normal saline solution 

                         MC = aqueous extract of Malv

                         Values are means + SEM; n=6 
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4.4.2.3 Lipid peroxidation on days 14  
 

 (4.91 

 
                 The level of MDA in skin after burn injury on day 14, 1%MC  

(4.09 ± 0.75 nmol/g tissue), 5%MC(4.36 ± 0.44 nmol/g tissue),and 10%MC

± 1.13 nmol/g tissue)group were significant different as compared to untreated 

group( 9.71 + 1.82 nmol/g tissue). However, untreated group were not 

significantly different from NSS-treated group (8.01 ± 1.83 nmol/g tissue

4.24) 

). (Figure 
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igure 4.24      MDA level on day 3 post burning in non-diabetic rats.   

astrum coromedelianum Linn.   

F

                         noRx = untreated  

             NSS = Normal saline solution 

                         MC = aqueous extract of Malv

                         Values are means + SEM; n=6 

                          * Significant difference as compared to untreated group (p<0.05) 
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4.4 Histopathological observation 

 
 Histopathological evaluation of wound healing in this study was examined at day 

3, 7 and 14 posts burning. 

 
 4.5.1 Histropathological observation of non diabetic rats 
 

On day 3 post burning, the untreated and NSS-treated groups, the burn wound 

showed increased of inflammatory cell infiltrate distributed across the adipose tissue 

and necrosis of blood vessels. The wound in MC extract groups showed on vasculitis 

and fewer neutrophil (Figure 4.25). 

 

On day 7 post burning, the untreated and NSS-treated groups have damage in 

epidermis and dermis and MC extract groups showed a prominent angiogenesis, 

fibroblast and keratinocytes migrate in to the wound bed from surrounding tissue. There 

was no inflammation (Figure 4.26). 

 

 On day 14 post burning, the MC extract groups showed fully developed 

epithelialization and keratinization. Skin appendages can be observed near to normal 

skin (Figure 4.27). 
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Figure 4.25 Hematoxylin-eosin stains. Histrological change of skin section on day 3 

post burning in non-diabetic rat A) normal skin, B) untreated wound, C)  wound 

treated with NSS-treated wound, D) wound treated with 1%MC extract, E) wound 

treated with 5%MC extract, F) wound treated with 10%MC extract          

BA   

C D  

E F  
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Figure 4.26 Hematoxylin-eosin stains. Histrological change of skin section at day 7 post 

burning  in non-diabetic rat A) normal skin, B) untreated wound, C) wound treated with 

NSS-treated wound, D) wound treated with 1%MC extract, E) wound treated with 5%MC 

extract, F) wound treated with 10%MC extract   
 
 

A B  

D C 

F E 
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Figure 4.27 Hematoxylin-eosin stains. Histrological change of skin section at day 14 

post burning in non-diabetic A) normal skin, B) untreated wound, C) wound treated with 

NSS-treated wound, D) wound treated with 1%MC extract, E) wound treated with 5%MC 

extract, F) wound treated with 10%MC extract   
 

A B 

D C 

F E 
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4.4.2 Histopathological observation of DM rats 
 

Histopathological evaluation of wound healing in this study was examined on 

day 3, 7 and 14 post burning in diabetic rats. 

 

On day 3 post burning, the untreated and NSS-treated groups, the burn wound  

showed increased of inflammatory cells infiltrate distributed across the adipose tissue 

and also in the underlying skeletal muscle tissue, necrosis of blood vessels, infiltration of 

neutrophils in wound. The wound in MC extract group showed no vasculitis and fewer 

neutrophils (Figure 4.28). 

 

On day 7 post burning, the untreated and NSS-treated group, there have 

damage of epidermis, dermis, fewer neutrophils and MC extract groups showed a 

prominent angiogenesis, fibroblast and keratinocytes migrate in to the wound bed from 

surrounding tissue. There no inflammation (Figure 4.29). 

 

 On day 14 psost burning, the MC extract group showed fully developed 

epithelialization and keratinization (figure 4.30).  
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Figure 4.28 Hematoxylin-eosin stains. Histrological change of skin section at day 3 post 

burning in DM rat A) normal skin, B) untreated wound, C) wound treated with NSS-

treated wound, D) wound treated with 1%MC extract, E) wound treated with 5%MC 

extract, F) wound treated with 10%MC extract   

B A 

C D 

E F 
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Figure 4.29 Hematoxylin-eosin stains. Histrological change of skin section at day 7 post 

burning in DM rat A) normal skin, B) untreated wound, C) wound treated with NSS-

treated wound, D) wound treated with 1%MC extract, E) wound treated with 5%MC 

extract, F) wound treated with 10%MC extract   
 
 
 
 

D 

B A 

C 
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Figure 4.30 Hematoxylin-eosin stains. Histrological change of skin section at day 14 

post burning in DM rat A) normal skin, B) untreated wound, C) wound treated with NSS-

treated wound, D) wound treated with 1%MC extract, E) wound treated with 5%MC 

extract, F) wound treated with 10%MC extract   
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CHAPTER V 

 

DISCUSSION  

 

The present studies aimed to investigate the effect of topically applied extract of 

(MC) on burn wound of both normal and STZ-induced diabetic rats.  Degree of wound 

healing, measurement of cutaneous blood flow and MDA level as well as 

histopathological studies were performed at day 3, 7 and 14 post wounding.  

 

In burn wound blood, microcirculation is compromised to the worst extent at 

around 12-24 hours post wounding (Zawacki, 1974).  Damage of blood vessels in the 

area of the wound caused restriction or cessation of blood flow which in turn causing 

ischemia and subsequently a reperfusion and thus a generation of oxidative stress 

(Ward and Till, 1900; Youn et al, 1992; LaLonde et al, 2003).    Intervention that could 

restore blood flow or scavenging the free radicals should, in principle, attenuate 

damage due to oxidative stress (Mallikajuna, 2002). 

 

In normal rats, on day 3 post burning, it was found that despite an increase in 

cutaneous blood flow in all groups, degree of wound healing in 1 and 5 % MC treated 

groups was significantly higher than those of other groups. Contraction of wound edge 

was noted. The wound surface was rather dry   and   showed very mild degree of 

swelling whereas prominent swelling of all layers (epidermis, dermis and subcutaneous) 

and exudates were apparent in untreated and NSS treated groups. Sign of inflammation 

in untreated and NSS treated groups was also evident in microscopic evaluation in 

which vasculitis and distribution of neutrophil in all layers were clearly observed.  In 

contrast, no vasculitis and fewer neutrophil were observed in MC-treated groups.  

Decreased signs of inflammation in MC-treated rats could be ascribed to anti-

inflammatory effect of MC previously reported by Moulun et al. (1999) as well as anti-

oxidant properties which counteracted burn-induced oxidative stress resulting in a 

significant reduction of MDA level in all MC-treated group.   



 58 

 

On day 7 post burning, increased blood flow seen in all groups of treatment in 

day 3 was maintained only in 1 and 5 % MC treated groups whereas  the oxidative 

stress was significantly reduced in NSS-treated and in all MC extract-treated groups 

when comparing to untreated group.  Discrepancy in   responses observed suggests 

dissociation between active components responsible for anti-oxidative and vascular 

activity of MC extract.  In correlation with responses of blood flow, degree of wound 

healing was significantly higher in 1 and 5 % MC treated groups.  Increase in cutaneous 

blood flow by MC extract should provide adequate perfusion and subsequently oxygen 

and nutrient essential for wound healing process.  Kloppenberg et al (2000) have shown 

that all burns that healed within 1 or 2 weeks showed an initial increased perfusion. 

Together with anti-oxidant properties and anti-inflammatory previously mentioned, 1 and 

5 % MC extract treated group demonstrated positive effects on wound healing seen as 

a higher degree of wound contraction, hair formation on the edge of wound and 

collagen formation was noted.  Thus the MC-treated wound seems to be in the late 

proliferative phase whereas untreated and NSS-treated groups remained in a late 

inflammatory phase as indicated by the presence of neutrophil in all layers of the skin, 

though to a lesser extent than those observed in day 3.  Conclusively inflammatory 

phase was shortened by the application of MC extract. 

 

On day 14 post burning, though the degree of wound healing in 1, 5 and 10% 

MC extract-treated groups were rather similar and significantly higher than those of 

untreated and NSS treated rats , complete closure of wound in conjunction with 

complete re-epithelialization was exclusively noted in 1% MC extract-treated group, 

thus, remodeling phase is expected (Hinz, 2005). As re-epithelialization in 5 and 10% 

MC extract-treated rats were incomplete, however, with fully grown dermis layer and no 

granulation tissue was noted, it is likely that both groups were in the late phase of 

proliferation (Midwood et al, 2004).  In contrast, while re-epithelialization was rather 

scant, massive of granulation tissue was observed in dermis layer of untreated and NSS 

treated rats indicating early phase of proliferation (Midwood et al, 2004).  Despite 

different phases of wound healing were estimated; as oxidative stress was subsided 
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(not different from unwound skin) blood flow was then normalized in all experimental 

groups (Fagrell, 1995; Rosenberg et al, 2006). 

 

Interestingly, rather similar profile of responses to MC extract was observed in 

STZ-induced diabetic rats.  Topical application of 1 and 5% MC extract was found to 

significantly increased blood flow. Estimation of degree of wound healing demonstrated 

that 1% of MC extract was found to act from a very beginning of wound healing process 

and continued throughout the course of experiment whereas the effects of  5 and 10%  

of MC extract were noted in day 3 and 7 post burning.  However, progression of wound 

healing processes as reflected by signs of inflammation, characteristics of tissue 

observed, formation of collagen, completeness of epithelialization indicated a delay of 

responses in diabetic rats.  At day 3, 7 and14, higher degree and longer duration of 

inflammation than their respective counterpart non-diabetic rats, was observed in 

diabetic rats.  For example at day 14 while no neutrophil was observed in any (even 

untreated group) of non-diabetic rats, it was found consistently in all group of diabetic 

rats.  Moreover at day 14 where complete closure in conjunctions with complete re-

epithelialization was demonstrated in non-diabetic rats receiving 1%MC extract, 

incomplete closure together with incomplete re-epithelialization was elicited by the same 

concentration of MC in diabetic rats.   Therefore the wound healing effect of MC extract 

was confirmed in diabetic rats. A delay in responses observed is likely to be due to 

malfunction of wound healing process previously described in diabetes. Furguson et al 

(1996) observed an increase in inflammatory cells, absence of cellular growth and lack 

of migration of the epidermis over the wound together with narrowing of blood vessel at 

the edge of the wound as well as impaired leucocyte function resulting in delayed 

wound healing in diabetic patients. 

 

Furthermore, the fact that hyperglycemia-induced oxidative stress ultimately 

leads to tissue damage (King and Brownlee, 1966; Nishikawa, 2000; Brownless, 2001) 

might explain our finding that, unlike the response seen in non-diabetic rats, in diabetic 

rats oxidative stress induced by burning was not different from that of unwound animals.  

Anti-oxidant properties of MC extract were not evident in diabetic rats at day 3 and 7 but 
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on day 14 post burning.  Protection of newly formed tissues from hyperglycemia- and/or 

burn injury-induced oxidative stress of MC extract could be attributable to the finding on 

day 14. 
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CHAPTER VI 

 

Conclusion 

 

In conclusion topical application of aqueous extract of MC clearly facilitated 

wound healing in both non-diabetic and diabetic rats.  Shortening of inflammatory 

process by its anti-inflammatory effect,   decreasing of oxidative injury by anti-oxidant 

property and increase of blood flow are plausible mechanisms underlying the wound 

healing observed.  
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1. Degree of wound healing 

 
1.1 Non-DM rats  
 

1.1.1 On day 3 post burning 
 

Group Degree of 

wound healing   

        (%) 

Area  

(cm2 

 ) 

Perimeter 

(cm) 

Wide 

(cm) 

Length 

(cm) 

noRx 14.00 + 1.91 2.87 + 0.06 6.49 + 0.40 1.73 + 0.06 1.96 + 0.05 

NSS 20.50 + 4.05 2.65 + 0.13 6.33 + 0.17 1.70 + 0.05 1.96 + 0.07 

1%MC 33.83 + 3.34 2.21 + 0.01 5.84 + 0.14 1.50 + 0.09 1.80 + 0.03 

5%MC 27.00 + 2.16 2.43 + 0.06 6.03 + 0.09 1.70 + 0.04 1.83 + 0.05 

10%MC 20.33 + 3.12 2.66 + 0.01 6.31 + 0.11 1.62 + 0.07 2.03 + 0.08 

 
 

1.1.2 On day 7 post burning 
 

Group Degree of 

wound healing   

         (%) 

Area  

(cm2 

 ) 

Perimeter 

(cm) 

Wide 

(cm) 

Length 

(cm) 

noRx 39.83 + 3.34 2.01 + 0.11 5.66 + 0.18 1.45 + 0.06 1.71 + 0.07 

NSS 43.16 + 3.80 1.90 + 0.12 5.49 + 0.17 1.39 + 0.03 1.64 + 0.11 

1%MC 63.83 + 4.14 1.22 + 0.13 4.47 + 0.24 1.13 + 0.09 1.41 + 0.13 

5%MC 56.50 + 5.31 1.45 + 0.17 4.98 + 0.18 1.31 + 0.08 1.31 + 0.13 

10%MC 48.00 + 4.98 1.74 + 0.16 5.63 + 0.45 1.38 + 0.08 1.37 + 0.08 
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1.1.3 On day 14 post burning 

 
Group Degree of 

wound healing   

        (%) 

Area  

(cm2 

 ) 

Perimeter 

(cm) 

Wide 

(cm) 

Length 

(cm) 

noRx 73.50 + 5.43 0.90 + 0.18 4.09 + 0.46 0.95 + 0.16 1.11 + 0.20 

NSS 81.83 + 3.36 0.62 + 0.11 3.11 + 0.30 0.80 + 0.11 0.87 + 0.11 

1%MC 95.16 + 2.50 0.17 + 0.08 1.19 + 0.55 0.29 + 0.13 0.28 + 0.13 

5%MC 96.83 + 1.44 0.11 + 0.05 1.15 + 0.44 0.26 + 0.10 0.24 + 0.10 

10%MC 95.16 + 3.52 0.16 + 0.11 1.09 + 0.58 0.20 + 0.10 0.34 + 0.19 

 
 
1.2 DM rats 
 
 1.2.1 On day 3 post burning 
 

Group Degree of 

wound healing   

        (%) 

Area  

(cm2 

 ) 

Perimeter 

(cm) 

Wide 

(cm) 

Length 

(cm) 

noRx 12.33 + 2.18 2.92 + 0.07 6.83 + 0.11 1.63 + 0.06 2.03 + 0.07 

NSS 15.83 + 6.19 2.81 + 0.20 6.49 + 0.23 1.67 + 0.08 1.92 + 0.06 

1%MC 28.16 + 3.84 2.40 + 0.12 6.37 + 0.33 1.65 + 0.09 1.73 + 0.06 

5%MC 22.16 + 2.72 2.59 + 0.09 6.39 + 0.18 1.60 + 0.04 1.92 + 0.06 

10%MC 23.83 + 3.88 2.54 + 0.12 6.32 + 0.19 1.63 + 0.02 1.92 + 0.07  
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1.2.2 On day 7 post burning 

 
Group Degree of 

wound healing   

        (%) 

Area  

(cm2 

 ) 

Perimeter 

(cm) 

Wide 

(cm) 

Length 

(cm) 

noRx 19.66 + 1.47 2.69 + 0.05 6.44 + 0.09 1.73 + 0.40 1.80 + 0.04 

NSS 20.83 + 3.28 2.64 + 0.11 6.49 + 0.16 1.75 + 0.07 1.78 + 0.05 

1%MC 37.66 + 2.61 2.08 + 0.08 5.91 + 0.16 1.54 + 0.03 1.57 + 0.08 

5%MC 30.50 + 4.19 2.31 + 0.13 6.25 + 0.30 1.66 + 0.04 1.63 + 0.05 

10%MC 31.00 + 3.54 2.30 + 0.11 5.94 + 0.15 1.62 + 0.06 1.68 + 0.03  

 
 

1.2.3 On day 14 post burning 

 
Group Degree of 

wound healing   

        (%) 

Area  

(cm2 

 ) 

Perimeter 

(cm) 

Wide 

(cm) 

Length 

(cm) 

noRx 55.50 + 3.07 1.48 + 0.12 4.84 + 0.21 1.33 + 0.06 1.35 + 0.05 

NSS 57.83 + 3.82 1.41 + 0.12 4.73 + 0.22 1.20 + 0.05 1.35 + 0.11 

1%MC 74.16 + 2.49 0.88 + 0.08 3.92 + 0.24 0.89 + 0.07 1.27 + 0.08 

5%MC 74.00 + 3.02 0.88 + 0.10 3.82 + 0.22 0.96 + 0.07 1.04 + 0.06 

10%MC 75.16 + 3.29 0.84 + 0.10 3.96 + 0.12 0.81 + 0.05 1.07 + 0.16 
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2. Cutaneous blood flow 
 
 2.1 Non-DM rats 
 
  2.1.1 On day 3 post burning 

 
Group Skin blood flow (AU) 

Normal 78.02 + 3.62 

noRx 98.08 +  9.40  

NSS 177.92 + 12.54 

1%MC 184.64 + 21.60 

5%MC 184.68 + 20.45 

10%MC 165.88 + 17.68 

 
 

2.1.2 On day 7 post burning 

 
Group Skin blood flow (AU) 

Normal 80.33 + 8.60 

noRx 100.11 + 8.43 

NSS 121.54 + 14.23 

1%MC 194.74 + 20.75 

5%MC 177.93 + 20.11 

10%MC 121.84 + 11.48 
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2.1.3 On day 14 post burning 

 
Group Skin blood flow (AU) 

Normal 73.02 + 6.29 

noRx 56.21 + 6.18 

NSS 68.21 + 7.97 

1%MC 75.34 + 9.71 

5%MC 77.54 + 4.58 

10%MC 64.98 + 7.65 

 
 
2.2 DM rats 
 

2.2.1 On day 3 post burning 
 

Group Skin blood flow (AU) 

Normal 47.37 + 9.45 

noRx 27.72 + 4.02 

NSS 32.96 + 6.40 

1%MC 86.06 + 10.53 

5%MC 71.94 + 12.85 

10%MC 52.15 + 10.64 
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2.2.2 On day 7 post burning 

 
Group Skin blood flow (AU) 

Normal 38.47 + 5.52 

noRx 55.96 + 5.11 

NSS 54.69 + 3.16 

1%MC 88.77 + 9.81 

5%MC 68.11 + 9.37 

10%MC 69.84 + 8.35 

 
 

2.2.3 On day 14 post burning 

 
Group Skin blood flow (AU) 

Normal 30.85 + 1.33 

noRx 41.02 + 5.07 

NSS 43.65 + 6.79 

1%MC 91.16 + 12.12 

5%MC 85.74 + 12.26 

10%MC 70.39 + 11.01 
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3. Lipid peroxidation 
 
 3.1 Non-DM rats 
 
 3.1.1 On day 3 post burning 
 

Group Lipid peroxidation (nmol/g tissue) 

Normal                    4.13 + 0.65 

noRx                    9.21 + 1.01 

NSS                    7.21 + 0.77 

1%MC                    4.87 + 0.88 

5%MC                    5.94 + 0.79 

10%MC                    6.14 + 0.93 

 
 

3.1.2 On day 7 post burning 

 
Group Lipid peroxidation (nmol/g tissue) 

Normal                   4.53 + 0.78 

noRx                 11.81 + 1.11 

NSS                   8.32 + 0.69 

1%MC                   6.13 + 0.76 

5%MC                   7.50 + 0.41 

10%MC                   8.62 + 0.84 
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3.1.3 On day 14 post burning 

 
Group Lipid peroxidation (nmol/g tissue) 

Normal                 5.21 + 0.53 

noRx                 6.85 + 0.28 

NSS                 6.41 + 0.67 

1%MC                 5.86 + 0.54 

5%MC                 5.91 + 0.29 

10%MC                 6.06 + 0.73 

 
 
3.2 DM rats 
 
 3.2.1 On day 3 post burning 

 
Group Lipid peroxidation (nmol/g tissue) 

Normal                  4.64 + 1.02 

noRx                  8.16 + 2.11 

NSS                  6.71 + 0.89 

1%MC                  4.45 + 0.41 

5%MC                  4.71 + 0.34 

10%MC                  5.74 + 0.49 
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 3.2.2 On day 7 post burning 
 

Group Lipid peroxidation (nmol/g tissue) 

Normal                 3.59 + 0.22 

noRx                 8.00 + 0.36 

NSS                 8.17 + 1.47 

1%MC                 6.62 + 0.39 

5%MC                 7.29 + 0.94 

10%MC                 8.88 + 1.11 

 
 

3.2.3 On day 14 post burning 

 
Group Lipid peroxidation (nmol/g tissue) 

Normal               3.11 + 0.26 

noRx               9.71 + 1.82 

NSS               8.01 + 0.75 

1%MC               4.09 + 0.75 

5%MC               4.36 + 0.44 

10%MC               4.91 + 1.32 
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