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Abstract. Banana stem sap (BSS) and virgin coconut oil (VCO) are usually 

used for wound care treatment. However, to date, no study has been conducted 

to compare the effectiveness of these two therapies. Therefore, the aim of this 

study was to compare the effectiveness of BSS and VCO on diabetic wound 

healing in rat. Male Wistar rats were randomly divided into 3 groups 

depending on the formulation used on the wound: BSS, VCO, and control 

treated with film dressing. The tissue samples were obtained on day 4, and 14. 

The wound size, the presence of necrotic tissue, level of inflammation, level of 

fibroblast, and re-epithelialization were assessed. On day 10, wounds in the 

BSS group were the smallest compared with other groups. The necrotic tissue 

and level of inflammation in the BSS group were also less as compared with 

other groups. The reepithelialization in BSS group was also the most advance 

compared with other groups.  Our study showed that the ability of BSS in 

accelerating wound healing is better than VCO and film dressing. We 

recommend nurses and clinician in Indonesia to use BSS to treat diabetic ulcer.  

1.  Introduction 

The number of patients with diabetes mellitus (DM) in the world, including Indonesia, has 

become alarming because of its dramatic increase. It has been predicted that Indonesia will 

reach the sixth place with regard to the number of people with DM in the world in 2030. The 

increase of people with DM will also cause an increase of DM complications, especially 

diabetic ulcers. A previous study showed that approximately 26,1 million people with DM 

suffer from diabetic ulcers. Diabetic ulcers can become infected, leading to invasive systemic 

infection and mortality. Indeed, the 5 year mortality rate from diabetic ulcer is 74%. The 

highest mortality rate due to diabetic ulcer occurs in low and middle income countries [1]. 

In order to improve the wound healing, advanced wound care technology is usually used 

for diabetic ulcer [2]. However, the advanced technology is usually rare in Indonesia. 

Therefore, many herbals and natural products are often used as a wound healer. The herbals 

and natural products exert a promising effects in the wound management since many of them 



 

 

 

 

 

 

can facilitate disinfection, debridement, and provide a moist environment. Natural products, 

which are widely used in Indonesia rural areas to treat wounds, are banana stem sap (BSS) 

and virgin coconut oil (VCO)[3].   

Banana plants usually grow in south east Asia, including Indonesia.[4] They contain many 

beneficial factors such as catecholamine, iron, vitamin B and C, albuminoids, fats, and 

mineral salts [4–6]. Banana stem sap (BSS) is the part of banana plant that shows most of the 

beneficial effects. Indeed, BSS contains the mentioned factors plus also flavonoids, saponins, 

and tannins that work as antioxidants, and they exert antibacterial, antifungal, and pain relief 

effect [4]. In addition, BSS contains lectin that stimulates skin cell growth (angiogenesis) [7].  

As regard the wound healing process, a study of Priosoeryanto et al (2007) in an acute wound 

model showed that BSS can reduce inflammation in an incision wound and improve the 

number of fibroblasts and the amount of granulation tissue [8]. 

VCO has been widely used to treat microbial infections  and skin problems and in eastern 

Indonesia to treat wounds [9]. VCO contains many antioxidants such as polyphenols, 

tocopherol, ferulic acid, phenolic acid and flavonoids, and also vitamin E [10]. VCO also has 

antimicrobial properties [9]. As regard wound healing, VCO can reduce inflammation in 

palatoplasty surgical wound  and VCO flavonoids can improve wound reepithelialization, 

increase anti-oxidant level, and increase the amount of granulation tissue[11]. Moreover, 

VCO can reduce infection [9] . 

According to the aforementioned properties of BSS and VCO, both these topical therapies 

could be candidate for wound care treatment. However, it is also important to evaluate which 

of these two therapies is more effective in promoting wound healing, since no study is 

available that directly compared these two plant extracts. Therefore, the purpose of this study 

was to compare the effectiveness of BSS and VCO in the promotion of diabetic ulcer healing.   

2.  Materials and methods 

2.1.  Animals 

Healthy Male Wistar Rats (180-200 grams) were obtained from the Laboratory of animal, 

Department of Pharmaceutical, Universitas Muhammadiyah Purwokerto, Indonesia. Rats 

were housed in one cage per rat and they have free access to food and drink ad libitum. Our 

study protocol was approved by the ethical committee of the Faculty of Medicine, Universitas 

Jenderal Soedirman, Indonesia.  

2.2.  Herbal extracts 

The VCO used in this study was commercially available and purchased from the small 

industry CV Al Afiat, and was approved by the local authority of BPOM, the Indonesia FDA-

like agency. This product was 100% VCO and was ready to use. The BSS used in this study 

was purchased from a local shop. The processing was performed at the Department of 

Pharmacy, Universitas Jenderal Soedirman, Purwokerto, Indonesia. 

The preparation of the BSS was performed according to previous study with some 

modifications.[12,13] In brief, the outer green part of the banana stem was peeled off and the 

inner portion was cut into small pieces. The pieces were then crushed and approximately 100 

ml juice was extracted. The obtained liquid was applied to the wound using a swab. Every day 

of wound treatment, the remaining of liquid was freshly made, the remaining of liquid was 

thrown away. 

 



 

 

 

 

 

 

2.3.  Induction of diabetic rats and experimental procedure 

Rats were injected with alloxan monohydrate 90 mg/Kg of body weight to induce diabetes 

mellitus based on previous study [14]. The glucose level higher than 275 mg/dl was 

considered diabetes mellitus. The rat was anesthetised with ketamine hydrochloride (25-30 

mg/kg body weight). The wounding procedure was conducted based on the previous study. 

[15] In brief, one wound of 1 cm in size was created on the rat back dorsal region. Diabetic 

rats were divided into 3 groups depending on the formulation used on the wound: (1) BSS, (2) 

VCO (3) and control treated with film dressing. In the BSS and VCO groups, 50 μL 

corresponding extract was applied. The wounds were cleansed every day. During wound 

cleaning, the wound condition were recorded.  

2.4.  Wound areas 

ImageJ software was used to measure wound areas. [16] Relative wound area was calculated 

as follows:  size at day n – size at day 0)/(size at day 0).[14] Rats were sacrificed by overdose 

of anesthesia. The wound tissue along with surrounding normal skin was harvested on day 4, 

and 14 and fixed in 10% formalin for histological analysis. 

2.5.  Hematoxylin and eosin (HE) staining 

The tissue immersed in formalin 10% underwent a series of dehydrations in alcohol and 

xylene and embedded in paraffin. Next, the tissue was cut into 4 μm thick slices using a 

microtome. Slices were deparaffinized, rehydrated in xylene and alcohol, and stained with 

HE. After mounting, sections were observed and analyzed under a microscope.  The intensity 

of polymorphonuclear neutrophils (PMNs) and fibroblast was assessed based on previous 

study [51].   

2.6.  Statistical analysis 

Statistical analysis was performed using SPSS 21 software package. Wound size was 

expressed as mean ± standard deviation (SD).  Differences in wound size, fibroblast intensity 

and inflammation intensity among groups were analyzed by ANOVA or Kruskal Wallis test. 

If a significant difference was found, post-hoc Tukey’s HSD test or Mann-Whitney U-test 

was used. A value of p<0,05 was considered statistically significant. 

 

3.  Results 

3.1.  Wound bed appearance 

The wound bed appearance is shown in Figure 1. On day 1, the wound appearance was red in 

all groups, and no slough appeared. On day 3, the wound bed in both BSS and VCO group did 

not have slough, while a thin slough appear in the wounds of the control group, but the wound 

bed in the BSS group was redder compared with the one of the VCO group. On day 5, the 

wound bed in all groups was covered by a thin slough. On day 11, the slough was disappeared 

in the BSS group, while the wound bed in VCO and control group was still covered by 

slough. On day 14, the wounds in BSS group were almost healed and were covered with new 

epithelium, while in the VCO group, wounds were still covered with slough. The wound in 

the control group on day 14 showed no necrotic tissue and the wound bed was filled with 

granulation tissue.  



 

 

 

 

 

 

 

Figure 1. Wound bed appearance 

 

There is no difference in the wound size among the three groups on inflammation phase 

and early proliferative phase. However, from day 9 onwards, wounds in the BSS group were 

significantly smaller compared with the ones in the VCO group (day 9, p=0.034; day 10, 

p=0.034, day 11, p=0.34, day 12, p=0.034, day 13, p=0.034, and day 14, p=0.034) and control 

group (day 9, p=0.043; day 10, p=0.043, day 11, p=0.042, day 12, p=0.042, day 13, p=0.021, 

day 14, p=0.021). On day 9, no significant difference was observed between control and VCO 

group regarding wound size. However, from day 10 onwards, wounds in the control group 

were significantly smaller compared with the ones in the VCO group (day 10, p=0.034; day 

11, p=0.032, day 12, p=0.032, day 13, p=0.034, day 14, p=0.034). 

 

Figure 2. HE staining of epidermis (upper picture) and dermis (lower picture) in the BSS, 

VCO, and control group on day 4. 

3.2.  He staining 

The result of HE staining in epidermis and dermis layer on day 4, and 14 are shown in figure 

2, and 3, respectively.  Figure 2 shows that the intensity of polymorphonuclear (PMNs) in 

BSS group was slightly lower than that in control group and VCO groups. The inflammation 



 

 

 

 

 

 

in the VCO group was also slightly lower than that in control group. Figure 2 also shows that 

no significant difference was found in the intensity of fibroblast among the three groups on 

day 4. The result of HE staining on day 14 showed that the intensity of PMNs in BSS group 

was not only significantly lower compared with control group (p = 0.008), but also compared 

with VCO group (p = 0.008). In addition, the level of PMNs in the VCO group was 

significantly higher than that in the control group (p = 0.008). On day 14, the intensity of 

fibrobast in BSS group was  significantly higher compared with control (p =0.008) and VCO 

group (p =0.04) (Table 1).  Figure 3 also shows that the reepithelialization was most advanced 

in the BSS groups compared with the other groups.  

 

 
Figure 3.HE staining of epidermis (upper picture) and dermis (lower picture) in the BSS, 

VCO and control group on day 14.  

 

Table 1. The difference in the intensity of PMNs and Fibroblast in each group on day 14 

Groups PMNs Fibroblast 

BSS 1*† 3*† 

VCO 3* 2 

Control  2 2 

Values represent the median score.  Scores can range from 0 to 4 (0 = absent; 1 = occasional; 

2 = moderate; 3 = abundant; 4 = very abundant). * p <0.05 (BSS/VCO vs control), † p <0.05 

(BSS vs VCO) 

4.  Discussion 

This study is the first comparing BSS and VCO effect in the healing of diabetic ulcers. Our 

study indicated that wounds treated with BSS healed faster compared with the ones treated 

with VCO, even compared with the ones treated with use of modern wound-dressing film 

dressing.  

One characteristic of diabetic wounds is a prolonged inflammation due to local hypoxia 

and bacterial burden. [17] The reduction of inflammation in BSS might be due to the fact that 

BSS contain anti-inflammatory, antioxidant and antibacterial agents.[4] A recent study 



 

 

 

 

 

 

investigated ABSS composition, and found that BSS contains antioxidant such as 

polyphenols, tannin, saponins, and flavonoids. [12] In addition flavonoids have antibacterial 

activity. Indeed, the extract of banana stem has an antibacterial effect against staphylococcus 

aureus and pseudomonas aeruginosa.[18]  

In this study, the slough in VCO group was thicker than in the other groups. Slough 

reduction in the BSS and control group might be due to the fact that BSS and film dressing 

exerted an autolytic debridement, resulting in thinner slough compared with VCO group.  In 

the VCO group, the slough was thicker from day 5 to day 14. The presence of slough causes 

more extensive inflammation into the surrounding skin, resulting in more tissue damage and 

accumulation of dead tissue in the wound bed. [17] This might be the reason why the 

inflammation in the VCO group was higher and more extensive than the other groups on day 

14. Our study is not in agreement with a previous study revealing that wounds treated with 

VCO healed better compared with the ones in the control group. [19] This discrepancy might 

be due to the fact that in the previous study, the healing ability of a wound treated with VCO 

was compared with healing ability of an untreated wound, while in this study VCO healing 

effect was compared with the effect exerted by the modern wound-dressing used in the 

control group. Film dressing provides a moist environment in the wound, therefore promoting 

its reepithelialization.[20] 

In this study, BSS also improved the granulation tissue, in agreement with previous studies 

showing that BSS can improve granulation tissue formation.[21] The formation of granulation 

tissue is better in BSS than in VCO group and control group. In our study, the level of 

fibroblast was higher than that in the control and VCO group. Fibroblasts represent the basic 

materials of collagen (mucopolysaccharides, aminoglisin acid and proline), which is 

important for granulation tissue formation.[22] A recent study suggested that the mechanism 

involved in the improvement of the granulation tissue formation may be due to the ability of 

BSS to increase PDGF-BB.[21] PDGF stimulates fibroblast chemotaxis activity and 

proliferation, and the production of glycosaminoglycans. Glycosaminoglycans form a gel-like 

ground substance, in which the collagen fibers are embedded.  

This study has one limitation. We investigated the wound healing effect only in term of 

inflammation, and reepithelialization. However, our study is the first comparing BSS and 

VCO effect in the healing of diabetic ulcers consecutively and therefore the progression of 

wound healing was thoroughly observed.  

Taken together, our study indicated that BSS was more effective in promoting the healing 

of diabetic ulcers, and therefore it might be a good candidate in the clinical usage. Nurse and 

clinician should use BSS over VCO to treat diabetic ulcers. A further study on human subject 

with diabetic ulcers is needed to confirm these findings. 

5.  Conclusions 

This study compared the effect of BSS, VCO and modern dressing on wound healing of 

diabetic rats. Our results showed that the inflammation and the presence of slough were the 

least in BSS group compared with VCO and control group. The reepithelialization was also 

most advanced in the BSS group. According to our evidences, BSS might be a good candidate 

for topical treatments of diabetic ulcer. 
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Abstract. Banana stem sap (BSS) and virgin coconut oil (VCO) are usually used for wound 

care treatment. However, to date, no study has been conducted to compare the effectiveness of 

these two therapies. Therefore, the aim of this study was to compare the effectiveness of BSS 

and VCO on diabetic wound healing in rat. Male Wistar rats were randomly divided into 3 

groups depending on the formulation used on the wound: BSS, VCO, and control treated with 

film dressing. The tissue samples were obtained on day 4, and 14. The wound size, the 

presence of necrotic tissue, level of inflammation, level of fibroblast, and re-epithelialization 

were assessed. On day 10, wounds in the BSS group were the smallest compared with other 

groups. The necrotic tissue and level of inflammation in the BSS group were also less as 

compared with other groups. The reepithelialization in BSS group was also the most advance 

compared with other groups.  Our study showed that the ability of BSS in accelerating wound 

healing is better than VCO and film dressing. We recommend nurses and clinician in Indonesia 

to use BSS to treat diabetic ulcer.  

1.  Introduction 

The number of patients with diabetes mellitus (DM) in the world, including Indonesia, has become 

alarming because of its dramatic increase. It has been predicted that Indonesia will reach the sixth 

place with regard to the number of people with DM in the world in 2030. The increase of people with 

DM will also cause an increase of DM complications, especially diabetic ulcers. A previous study 

showed that approximately 26,1 million people with DM suffer from diabetic ulcers. Diabetic ulcers 

can become infected, leading to invasive systemic infection and mortality. Indeed, the 5 year mortality 

rate from diabetic ulcer is 74%. The highest mortality rate due to diabetic ulcer occurs in low and 

middle income countries [1]. 

In order to improve the wound healing, advanced wound care technology is usually used for 

diabetic ulcer [2]. However, the advanced technology is usually rare in Indonesia. Therefore, many 

herbals and natural products are often used as a wound healer. The herbals and natural products exert a 

promising effects in the wound management since many of them can facilitate disinfection, 

debridement, and provide a moist environment. Natural products, which are widely used in Indonesia 

rural areas to treat wounds, are banana stem sap (BSS) and virgin coconut oil (VCO)[3].   

Banana plants usually grow in south east Asia, including Indonesia.[4] They contain many 

beneficial factors such as catecholamine, iron, vitamin B and C, albuminoids, fats, and mineral salts 

[4–6]. Banana stem sap (BSS) is the part of banana plant that shows most of the beneficial effects. 

Indeed, BSS contains the mentioned factors plus also flavonoids, saponins, and tannins that work as 

antioxidants, and they exert antibacterial, antifungal, and pain relief effect [4]. In addition, BSS 

contains lectin that stimulates skin cell growth (angiogenesis) [7].  As regard the wound healing 



 

 

 

 

 

 

process, a study of Priosoeryanto et al (2007) in an acute wound model showed that BSS can reduce 

inflammation in an incision wound and improve the number of fibroblasts and the amount of 

granulation tissue [8]. 

VCO has been widely used to treat microbial infections  and skin problems and in eastern 

Indonesia to treat wounds [9]. VCO contains many antioxidants such as polyphenols, tocopherol, 

ferulic acid, phenolic acid and flavonoids, and also vitamin E [10]. VCO also has antimicrobial 

properties [9]. As regard wound healing, VCO can reduce inflammation in palatoplasty surgical 

wound  and VCO flavonoids can improve wound reepithelialization, increase anti-oxidant level, and 

increase the amount of granulation tissue[11]. Moreover, VCO can reduce infection [9] . 

According to the aforementioned properties of BSS and VCO, both these topical therapies could be 

candidate for wound care treatment. However, it is also important to evaluate which of these two 

therapies is more effective in promoting wound healing, since no study is available that directly 

compared these two plant extracts. Therefore, the purpose of this study was to compare the 

effectiveness of BSS and VCO in the promotion of diabetic ulcer healing.   

2.  Materials and methods 

2.1.  Animals 

Healthy Male Wistar Rats (180-200 grams) were obtained from the Laboratory of animal, Department 

of Pharmaceutical, Universitas Muhammadiyah Purwokerto, Indonesia. Rats were housed in one cage 

per rat and they have free access to food and drink ad libitum. Our study protocol was approved by the 

ethical committee of the Faculty of Medicine, Universitas Jenderal Soedirman, Indonesia.  

2.2.  Herbal extracts 

The VCO used in this study was commercially available and purchased from the small industry CV Al 

Afiat, and was approved by the local authority of BPOM, the Indonesia FDA-like agency. This 

product was 100% VCO and was ready to use. The BSS used in this study was purchased from a local 

shop. The processing was performed at the Department of Pharmacy, Universitas Jenderal Soedirman, 

Purwokerto, Indonesia. 

The preparation of the BSS was performed according to previous study with some 

modifications.[12,13] In brief, the outer green part of the banana stem was peeled off and the inner 

portion was cut into small pieces. The pieces were then crushed and approximately 100 ml juice was 

extracted. The obtained liquid was applied to the wound using a swab. Every day of wound treatment, 

the remaining of liquid was freshly made, the remaining of liquid was thrown away. 

 

2.3.  Induction of diabetic rats and experimental procedure 

Rats were injected with alloxan monohydrate 90 mg/Kg of body weight to induce diabetes mellitus 

based on previous study [14]. The glucose level higher than 275 mg/dl was considered diabetes 

mellitus. The rat was anesthetised with ketamine hydrochloride (25-30 mg/kg body weight). The 

wounding procedure was conducted based on the previous study. [15] In brief, one wound of 1 cm in 

size was created on the rat back dorsal region. Diabetic rats were divided into 3 groups depending on 

the formulation used on the wound: (1) BSS, (2) VCO (3) and control treated with film dressing. In the 

BSS and VCO groups, 50 μL corresponding extract was applied. The wounds were cleansed every 

day. During wound cleaning, the wound condition were recorded.  

2.4.  Wound areas 

ImageJ software was used to measure wound areas. [16] Relative wound area was calculated as 

follows:  size at day n – size at day 0)/(size at day 0).[14] Rats were sacrificed by overdose of 

anesthesia. The wound tissue along with surrounding normal skin was harvested on day 4, and 14 and 

fixed in 10% formalin for histological analysis. 



 

 

 

 

 

 

2.5.  Hematoxylin and eosin (HE) staining 

The tissue immersed in formalin 10% underwent a series of dehydrations in alcohol and xylene and 

embedded in paraffin. Next, the tissue was cut into 4 μm thick slices using a microtome. Slices were 

deparaffinized, rehydrated in xylene and alcohol, and stained with HE. After mounting, sections were 

observed and analyzed under a microscope.  The intensity of polymorphonuclear neutrophils (PMNs) 

and fibroblast was assessed based on previous study [51].   

2.6.  Statistical analysis 

Statistical analysis was performed using SPSS 21 software package. Wound size was expressed as 

mean ± standard deviation (SD).  Differences in wound size, fibroblast intensity and inflammation 

intensity among groups were analyzed by ANOVA or Kruskal Wallis test. If a significant difference 

was found, post-hoc Tukey’s HSD test or Mann-Whitney U-test was used. A value of p<0,05 was 

considered statistically significant. 

 

3.  Results 

3.1.  Wound bed appearance 

The wound bed appearance is shown in Figure 1. On day 1, the wound appearance was red in all 

groups, and no slough appeared. On day 3, the wound bed in both BSS and VCO group did not have 

slough, while a thin slough appear in the wounds of the control group, but the wound bed in the BSS 

group was redder compared with the one of the VCO group. On day 5, the wound bed in all groups 

was covered by a thin slough. On day 11, the slough was disappeared in the BSS group, while the 

wound bed in VCO and control group was still covered by slough. On day 14, the wounds in BSS 

group were almost healed and were covered with new epithelium, while in the VCO group, wounds 

were still covered with slough. The wound in the control group on day 14 showed no necrotic tissue 

and the wound bed was filled with granulation tissue.  

 

Figure 1. Wound bed appearance 

 

There is no difference in the wound size among the three groups on inflammation phase and early 

proliferative phase. However, from day 9 onwards, wounds in the BSS group were significantly 

smaller compared with the ones in the VCO group (day 9, p=0.034; day 10, p=0.034, day 11, p=0.34, 

day 12, p=0.034, day 13, p=0.034, and day 14, p=0.034) and control group (day 9, p=0.043; day 10, 

p=0.043, day 11, p=0.042, day 12, p=0.042, day 13, p=0.021, day 14, p=0.021). On day 9, no 

significant difference was observed between control and VCO group regarding wound size. However, 

from day 10 onwards, wounds in the control group were significantly smaller compared with the ones 



 

 

 

 

 

 

in the VCO group (day 10, p=0.034; day 11, p=0.032, day 12, p=0.032, day 13, p=0.034, day 14, 

p=0.034). 

 

Figure 2. HE staining of epidermis (upper picture) and dermis (lower picture) in the BSS, VCO, and 

control group on day 4. 

3.2.  He staining 

The result of HE staining in epidermis and dermis layer on day 4, and 14 are shown in figure 2, and 3, 

respectively.  Figure 2 shows that the intensity of polymorphonuclear (PMNs) in BSS group was 

slightly lower than that in control group and VCO groups. The inflammation in the VCO group was 

also slightly lower than that in control group. Figure 2 also shows that no significant difference was 

found in the intensity of fibroblast among the three groups on day 4. The result of HE staining on day 

14 showed that the intensity of PMNs in BSS group was not only significantly lower compared with 

control group (p = 0.008), but also compared with VCO group (p = 0.008). In addition, the level of 

PMNs in the VCO group was significantly higher than that in the control group (p = 0.008). On day 

14, the intensity of fibrobast in BSS group was  significantly higher compared with control (p =0.008) 

and VCO group (p =0.04) (Table 1).  Figure 3 also shows that the reepithelialization was most 

advanced in the BSS groups compared with the other groups.  

 



 

 

 

 

 

 

 
Figure 3.HE staining of epidermis (upper picture) and dermis (lower picture) in the BSS, VCO and 

control group on day 14.  

 

Table 1. The difference in the intensity of PMNs and Fibroblast in each group on day 14 

Groups PMNs Fibroblast 

BSS 1*† 3*† 

VCO 3* 2 

Control  2 2 

Values represent the median score.  Scores can range from 0 to 4 (0 = absent; 1 = occasional; 2 = 

moderate; 3 = abundant; 4 = very abundant). * p <0.05 (BSS/VCO vs control), † p <0.05 (BSS vs 

VCO) 

4.  Discussion 

This study is the first comparing BSS and VCO effect in the healing of diabetic ulcers. Our study 

indicated that wounds treated with BSS healed faster compared with the ones treated with VCO, even 

compared with the ones treated with use of modern wound-dressing film dressing.  

One characteristic of diabetic wounds is a prolonged inflammation due to local hypoxia and 

bacterial burden. [17] The reduction of inflammation in BSS might be due to the fact that BSS contain 

anti-inflammatory, antioxidant and antibacterial agents.[4] A recent study investigated ABSS 

composition, and found that BSS contains antioxidant such as polyphenols, tannin, saponins, and 

flavonoids. [12] In addition flavonoids have antibacterial activity. Indeed, the extract of banana stem 

has an antibacterial effect against staphylococcus aureus and pseudomonas aeruginosa.[18]  

In this study, the slough in VCO group was thicker than in the other groups. Slough reduction in 

the BSS and control group might be due to the fact that BSS and film dressing exerted an autolytic 

debridement, resulting in thinner slough compared with VCO group.  In the VCO group, the slough 

was thicker from day 5 to day 14. The presence of slough causes more extensive inflammation into the 

surrounding skin, resulting in more tissue damage and accumulation of dead tissue in the wound bed. 

[17] This might be the reason why the inflammation in the VCO group was higher and more extensive 

than the other groups on day 14. Our study is not in agreement with a previous study revealing that 

wounds treated with VCO healed better compared with the ones in the control group. [19] This 

discrepancy might be due to the fact that in the previous study, the healing ability of a wound treated 

with VCO was compared with healing ability of an untreated wound, while in this study VCO healing 

effect was compared with the effect exerted by the modern wound-dressing used in the control group. 



 

 

 

 

 

 

Film dressing provides a moist environment in the wound, therefore promoting its 

reepithelialization.[20] 

In this study, BSS also improved the granulation tissue, in agreement with previous studies 

showing that BSS can improve granulation tissue formation.[21] The formation of granulation tissue is 

better in BSS than in VCO group and control group. In our study, the level of fibroblast was higher 

than that in the control and VCO group. Fibroblasts represent the basic materials of collagen 

(mucopolysaccharides, aminoglisin acid and proline), which is important for granulation tissue 

formation.[22] A recent study suggested that the mechanism involved in the improvement of the 

granulation tissue formation may be due to the ability of BSS to increase PDGF-BB.[21] PDGF 

stimulates fibroblast chemotaxis activity and proliferation, and the production of glycosaminoglycans. 

Glycosaminoglycans form a gel-like ground substance, in which the collagen fibers are embedded.  

This study has one limitation. We investigated the wound healing effect only in term of 

inflammation, and reepithelialization. However, our study is the first comparing BSS and VCO effect 

in the healing of diabetic ulcers consecutively and therefore the progression of wound healing was 

thoroughly observed.  

Taken together, our study indicated that BSS was more effective in promoting the healing of 

diabetic ulcers, and therefore it might be a good candidate in the clinical usage. Nurse and clinician 

should use BSS over VCO to treat diabetic ulcers. A further study on human subject with diabetic 

ulcers is needed to confirm these findings. 

5.  Conclusions 

This study compared the effect of BSS, VCO and modern dressing on wound healing of diabetic rats. 

Our results showed that the inflammation and the presence of slough were the least in BSS group 

compared with VCO and control group. The reepithelialization was also most advanced in the BSS 

group. According to our evidences, BSS might be a good candidate for topical treatments of diabetic 

ulcer. 
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