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Abstract 

 

Hypertrophic scar is a slow growth spherical 

shape with progressive expansion and absent 

skin infiltration which has high recurrence 

rate after injury to the deep dermis. 

Evaluation of this scar in New Zealand 

rabbit ear after administration of different 

doses of Musa cavendeshii peel extracts 

provide an informative data in monitoring 

the changes in scar indices.The objectives of 

this research was to evaluate the 

antihypertrophic scar activity of Musa 

cavendishii peel extracts using 

ultrasonography. LD50 of the extracts was 

conducted using OECD 402, (2017) 

guideline for chemical testing. Scar was 

created in the rabbit ear by full thickness 

excision wound under general anesthesia 

and sterile condition. The ultrasound 

monitoring was divided into 2 parts to 

evaluate the scar regression for 30 days in 

the different doses of the extracts. The 

dermal median lethal doses (LD50) of all the 

extracts were estimated to be greater than 

5000 mg/kg in rabbits.  The results revealed 

a significant (p≤0.05) decrease in the scar 

indices evaluated during the 30 days where 

2000 and 5000 mg/kg body weight of 

aqueous extract was used. However, the 30 

days monitoring of the scar using 375, 750 

and 1500 mg/kg of all the extracts when 

compared with the standard drug did not 

produce any significant (p≥0.05) changes on 

the scars. Peel extracts of M. cavendishii 

showed antihypertrophic scar activity which 

was effectively monitored using 

ultrasonography 

Keywords: Antihypertrophic scar, 

Ultrasonography, Musa cavendeshii peel, 

Rabbit ear 

 

Introduction 

Hypertrophic scar and keloid are the most 

annoying and irritating outcomes of 

cutaneous development in the skin during 

wound healing processes (Lee and Jang, 

2018). They are skin abnormalities peculiar 

to humans that are characterized by 

excessive deposition of extracellular matrix 

components like collagen, fibronectins, 

elastin, proteoglycans and growth factors in 

the dermis and subcutaneous tissues as a 

result of trauma or surgical interventions 

which can have devastating consequences 

ranging from body disfigurement to organ 

dysfunctions (Tracy et al., 2016).  

The use of herbal medicine as a remedy has 

been steadily increasing worldwide in recent 

years, as well as the search for new 
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phytochemicals that could be potentially 

developed as useful drugs for the treatment 

of hypertrophic scar and skin lesions 

(Adebayo and Krettli, 2011). The 

antihypertrophic scar activity of these 

medicinal plants results from a variety of 

components and their phytochemical 

constituents. One of these medicinal plants 

is glycine max also called soya bean which 

is an annual legume of the pea family 

(Fabaceae). This plant has genistein as one 

of its components with effects as an anti-

proliferation of hypertrophic scar 

fibroblasts, suppression of mitosis and 

promotion of apoptosis in vitro. The 

mechanism of action is the inhibitory trans- 

differentiation of fibroblasts into 

myofibroblasts, a decrease of G0-G1 phase 

and increase of G2-M phase. It is also found 

to have inhibitory mRNA expression of C-

JUN and C-FOS mRNA expression at 37 

µM, but enhancement at 370 µM (Cao et al., 

2009; Jurzak and Adamczyk, 2013).  

Musa cavendishii is a fruit of a banana 

cultivar belonging to the cavendishii 

subgroup of the AAA (triploid) cultivar 

group. They include commercially important 

cultivars like the “Dwarf cavendishii and 

Grand Nain”. The peel from these plants is 

used in many communities in “Ebira land” 

in the management of wound, burns, ulcers 

and scars. It is called “apara ogede” in Ebira 

land, “bayan ayaba” in Hausa, “epo ogede” 

in Yoruba, “lare ayaba” in Fulfunde and 

“azu uli” in Igbo language. The 

phytochemical constituent that is involved in 

its use for the management of this wound 

complication had been established in our 

previous work (Sheidu et al., 2021). Drug 

development for ameliorating a disease 

involves both preclinical and clinical 

processes that require critical monitoring 

through different scientific means. 

Ultrasonography and Vancouver scar scale 

indices are objective and non-invasive tools 

for evaluation of dynamic hypertrophic scar 

of the skin. The use of Doppler and high-

resolution sonography to evaluate 

hypertrophic scar has been reported to be 

useful in pharmacotherapies (Ruiqian et al., 

2020). The present study was to evaluate the 

antihypertrophic scar activity of M. 

cavendishii peel using ultrasound scan and 

Vancouver scar scale (VSS) techniques.   

 

Materials 

Animal 

Fifteen (15) apparently healthy New 

Zealand rabbits of both sexes weighing 

between 1.2 to 2.2 kg were gotten from 

National Animal Production Research 

Institution (NAPRI), Shika-Zaria, Kaduna 

and housed in the Rabbit Section, Animal 

House Facility of Department of 

Pharmacology and Therapeutics, Ahmadu 

Bello University, Zaria. The animals were 

maintained under ambient environmental 

conditions and fed with standard rodents 

pellet diet and water ad libitum. The 

experiments were approved by the Ahmadu 

Bello University Committee on Animal Use 

and Care with approval number of 

ABUCAUC/2018/075 and all the 

experiment were carried out in accordance 

with the criteria outlined in the guide for the 

care and use of laboratory animals by the 

National Institutes of Health (Publication No 

80-23, revised, 1996). 
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Drugs and Chemicals: 

The following drugs and chemicals were 

obtained and used for the experimental 

studies 

Ketamine hydrochloride injection USP 

(Jawa International limited, Nigeria), 

Ultrasound scan gel (Sonosonic Global 

Enterprise, Zaria), Atropine sulphate 

(American Remedies Healthcare Pvt. Ltd.), 

Xylazine (Akorn, Inc.), Methylated spirit 

B.P (Ugolab productions, Nigeria Limited), 

Germ-x hand sanitizer, Purit antiseptic (Saro 

Life Care Limited, Nigeria) 

Equipment 

The following equipment were obtained and 

used for the experimental studies:  

A high-resolution laptop ultrasound scanner 

fitted with a 20 MHz transducer  

Methods 

Plant collection and identification: 

The Musa cavendishii plant comprising the 

bulb, leaves and stalk was collected from 

Obehira, Okene Local Government, Kogi 

state, Nigeria after identification following a 

series of enquiries and interactions with the 

traditional healers in the community about 

the use of the plant. The whole plant was 

then taken to the Herbarium Section of the 

department of Botany, Ahmadu Bello 

University, Zaria, authentication by Mallam 

Namadi Sunusi. The sample was 

authenticated by comparing with an existing 

specimen (voucher specimen number, VSN: 

28003). 

 

Extraction: 

The butch of the Musa cavendishii was 

separated and placed inside a closed sac for 

natural ripening to take place for 3 days. 

After ripening, the Musa cavendishii was 

distributed to volunteers for consumption 

after which the peels were collected. The 

peels were air-dried in a dark until constant 

weight was obtained. The dried peels were 

size-reduced into coarse powder using pestle 

and mortar. Successive extraction process 

was employed by maceration using the 

method of Abubakar et al. (2019), modified 

by Sheidu et al., (2021).  

 

Hypertrophic scarring in rabbit ear: 

The method developed by Morris et al., 

(1997) and validated by Rittie and Laure, 

(2017) was used with modifications. A used 

X-ray film was used as a mimic to replace a 

rabbit dermal jacket (Plate I) which was 

placed on the ventral region of the rabbit’s 

ear. This was followed by marking 6 mm in 

diameter in two places in the used x-yay 

film where the scar was intended to be 

created (Plate II). A total of fifteen (15) 

rabbits divided into five groups were used 

for this study. Each group had three (3) 

rabbits. Inter-observer variability test was 

carried out by a consultant wild life 

veterinary specialist on the scar created 

every week till the fourth week before the 

commencement of M. cavendishii peel 

extract administration. Before the start of the 

excision in the skin of the rabbits, each of 

the rabbit was secured gently and 

anaesthetized with xylazine, 3 mg/kg of 

body weight and ketamine, 50 mg/kg of 

body weight. A full-thickness excision 

wound was made to the cartilaginous surface 

over the ventral side of the rabbit marked 

with blue pen.  

Haemostasis was achieved by gentle 

application of digital pressure with gauze on 

the side of the wound created. In phase one 

study, 2000 mg/kg and 5000 mg/kg body 

weight of aqueous extract of M. cavendishii 

peel was administered for 30 days just for 

the purpose of measuring the scar with 

ultrasound scan comparing the result with 

Vancouver scar scale parameters as 

visualized and measured using thread where 

applicable. The second phase study was 

after the LD50 of the extracts had been 
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determined and chosen doses of 375 mg/kg, 

750 mg/kg and 1500 mg/kg per body weight 

were used. All the rabbits in the group were 

assigned each dose to the area of the scar 

that was formed after the fourth (4th) weeks 

of excision and the other area of the scar in 

the same rabbit was assigned a distilled 

water to serve as negative control during the 

acute toxicity study for ultrasound 

monitoring (phase one). Also the second 

phase of the study during the sub-acute 

toxicity were assigned the dose of 375, 750 

and 1500 mg/kg body weight of M. 

cavendishii peel extracts and the other scar 

in the same rabbit was administered a 

standard drug, triamcinolone acetonide, all 

secured with a gauze and plaster in order to 

compare the effectiveness of the extracts and 

the triamcinolone acetonide.  

  

A high-frequency laptop ultrasound scanner 

(Sonostar, China) was used to produce 

images of cross-sections of the scar centered 

on the transverse axis of each lesion. The 

scanner operates at a frequency of 20 MHz 

and scans rapidly and continuously, with 

axial resolution of 50 mm and a lateral 

resolution of 300 mm; giving an image with 

high definition, suitable for studying scar 

reduction or growth. An aqueous 

transmission gel (Sonosonic Global 

Enterprise, Zaria) was used to provide 

acoustic contact between the scar and 

transducer surface. At every week interval, 

the ultrasound scanner was used to visualize 

the depth, distance and area of the scar after 

cleaning off the administered plant extracts 

and that of the standard drug, triamcinolone 

acetonide (TCA) with gauze soaked in 

methylated spirit especially in sub-acute 

phase where TCA was used. Ultrasound gel 

was now applied on top of the scar to be 

measured and an area of hyper-echogenic 

region is measured in depth, distance and 

area using linear probe transducer. This was 

repeated for every week for consecutive four 

(4) weeks and measurement was done every 

week and recorded. All the measurements 

were obtained by the lead researcher. 

Satisfactory results of intra-observer and 

inter-observer variability between the 

researcher and diagnostic imaging 

consultant were obtained before the 

measurements were made. Vancouver scar 

scale (VSS) was also used to compare the 

scar parameter with that of the ultrasound 

especially the diameter in length where 

thread was used and later placed on ruler to 

take the accurate distance. 

 

 

Statistical Analysis 

Statistical package for Social Sciences 

(SPSS, Version 23) was used for data 

analysis.  Differences between means was 

analyzed using one-way ANOVA and 

repeated measurements of ANOVA was also 

done to compare the differences of data 

between and within groups followed by 

Bonferroni’s post hoc test to determine the 

level of statistical significance. Values of 

p<0.05 were considered statistically 

significant and the results were presented as 

Mean ± S.E.M. in tables 

Results 

Effect of Administration of Aqueous 

Extract of Musa cavendishii Peel on 

Evaluation of Rabbit’s ear Scar Using 

Ultrasound Scan in First Phase Study 

 

The result of 30 days monitoring of rabbit 

ear’s scar after dermal administration of M. 

cavendishii peel extract at doses 2000 mg/kg 

and 5000 mg/kg revealed that there was 

significant (p≤0.05) decrease in the diameter 

and the length of scar lesion at week 1, 2, 3 

and 4 respectively when compared with the 

distilled water group. Also using area as a 

parameter of measurement, the sonographic 

assessment produced a significant (p≤0.05) 
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decrease at week 1 and 2 at dose 5000 

mg/kg and in week 3 and 4, there was 

significant (p≤0.05) decrease at dose 2000 

and 5000 mg/kg respectively. However, 

there was no significant (p≥0.05) change at 

week 1 at dose 2000 mg/kg (Table 1). 

Effect of Administration of Successive 

Extracts of M. cavendishii Peel on Weekly 

Evaluation of Rabbit Ear Scar Using 

Ultrasound Scan in Second Phase Study 

The result of 30 days monitoring of the scar 

in the ear of rabbits after application of other 

doses like 375, 750 and 1500 mg/kg 

respectively of M. cavendishii peel extracts 

did not produce a significant (p≤0.05) 

changes on the scars when compared with 

the standard drug, triamcinolone acetonide 

(Table 2). 

Effects of Administration of Successive 

Extracts of M. cavendishii Peel on Weekly 

Evaluation of Rabbit Ear Scar Using 

Vancouver Scar Scale  

The Vancouver scar scale showed 

hyperpigmentation at week 1 which 

decreased to normal at week’s interval. The 

vascularity of the scar skin showed pink 

through-out the study and the pliability is all 

film with weekly visualization. The height 

measured with thread at week 1 is between 1 

to 2 mm which decreased at week interval as 

compared to values in Table 3 

Table 1: Effect of Administration of 

Aqueous Extracts of Musa cavendishii 

Peel on        Evaluation of Rabbit’s ear 

Scar Using Ultrasound Scan at Doses 

2000 and 5000 mg/kg 

 

Treatment (mg/kg) Scar indices 

 

  

Diameter (mm) 

 

Length (mm) 

 

Area (cm2) 

 

D/W 11.20 ± 0.00 15.30 ± 0.00 0.96 ± 0.00 

 

Week 1  2000 10.47 ± 0.23 13.82 ± 0.46 0.88 ± 0.02 

              5000 09.48 ± 0.20a 12.30 ± 0.20a 0.79 ± 0.03a 

 

Week 2  2000 09.45 ± 0.33a 13.15 ± 0.40a 0.81 ± 0.03a 

              5000    08.30 ± 0.20a 11.10 ± 0.20a 0.72 ± 0.03a 

 

Week 3  2000 08.13 ± 0.35a 10.23 ± 0.62a 0.66 ± 0.04a 

              5000 07.48 ± 0.21a 08.90 ± 0.13a 0.63 ± 0.02a 

 

Week 4  2000 07.43 ± 0.40a 09.02 ± 0.34a 0.54 ± 0.03a 

              5000 05.52 ± 0.23a 06.77 ± 0.22a 0.53 ± 0.02a 

 

Values are expressed as Mean ± S.E.M., Data were analyzed using One way ANOVA and 

Repeated measurements of ANOVA followed by Bonferroni’s post hoc test, a = p≤0.05 as 

compared with the Distilled water, n=3. 
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Table 2: Effect of Administration of Successive Extracts of Musa cavendishii Peel on 

Weekly Evaluation of Rabbit Ear Scar Using Ultrasound Scan at Doses 375 

mg/kg, 750 mg/kg and 1500 mg/kg 

                                            Scar Indices-Treatment (mg/kg)  

                                    Week 1                Week 2             Week 3            Week 4 

TCA, 40  11.50 ± 0.50 11.35 ± 0.45 11.15 ± 0.45 10.65 ± 0.45 

HEMC 375 11.10 ± 0.10 10.90 ± 0.10 10.65 ± 0.15 10.25 ± 0.15 

HEMC 750 10.85 ± 0.05 10.65 ± 0.05 10.45 ± 0.05 10.10 ± 0.10 

HEMC 1500 10.90 ± 0.00 10.75 ± 0.05 10.55 ± 0.05 10.15 ± 0.05 

EEMC 375 10.85 ± 0.05 10.70 ± 0.10 10.55 ± 0.05 10.15 ± 0.05 

EEMC 750 11.35 ± 0.45 11.05 ± 0.45 10.90 ± 0.50 10.10 ± 0.00 

EEMC 1500 12.15 ± 0.25 11.95 ± 0.25 11.75 ± 0.25 11.55 ± 0.25 

MEMC 375 10.85 ± 0.05 10.65 ± 0.05 10.45 ± 0.05 10.10 ± 0.00 

MEMC 750 10.85 ± 0.05 10.65 ± 0.05 10.50 ± 0.00 10.15 ± 0.05 

MEMC 1500 10.80 ± 0.10 10.65 ± 0.05 10.50 ± 0.00 10.15 ± 0.05 

AEMC 375 11.95 ± 0.05 11.75 ± 0.05 11.05 ± 0.45 10.65 ± 0.45 

AEMC 750 11.80 ± 0.10 11.60 ± 0.10 11.40 ± 0.10 11.05 ± 0.05 

AEMC 1500 11.85 ± 0.05 11.55 ± 0.05 11.35 ± 0.05 11.05 ± 0.05 

Values are expressed as Mean ± S.E.M. Data were analyzed using Repeated measured ANOVA 

followed by Bonferroni’s post hoc test, p≥0.05, n=3.  

Key: TCA = Triamcinolone acetonide, HEMC = Hexane extract of M. cavendishii, EEMC = 

Ethylacetate extract of M. cavendishii, MEMC = Methanol extract of M. cavendishii, AEMC = 

Aqueous extract of M. cavendishii 
 

Table 3: Vancouver Scar Scale in Comparing with Ultrasonography Results  

Pigmentation (0-2) Normal 

Hypopigmentation 

Hyperpigmentation 

0 

1 

2 

Vascularity (0-3) Normal 

Pink 

Red 

Purple 

0 

1 

2 

3 

Pliability (0-5) Normal 

Supple 

Yielding 

Firm 

Banding 

Contracture 

0 

1 

2 

3 

4 

5 

Height (0-3) Normal (flat) 

0-2 mm 

2-5 mm 

>5 mm 

0 

1 

2 

3 

Adapted from Thompson et al., 2015  
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Plate I: Method of Dermal Toxicity Study and Antihypertrophic Scar 

A = Rabbit Dermal Jacket, B = Dermal Area for Application of Drug and Extract, C and D = 

Scar Creation and E = Rabbit Ear Scar Development 

 

Plate II: Wounding of rabbit ear to the dermis to create scar (1); Using ultrasound in monitoring 

of scar progress in rabbit (2); Progress of scar during dermal administration of extracts, a = post-

wound 1 week, b = post-wound 2 weeks, c and d = post-wound 3 weeks, e and f = post-wound 4 

weeks (3) 
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Discussion 

Musa cavendishii peels have been used 

traditionally in the management of many 

illnesses like wound healing, ulcers and 

scars. These are due to a report linking these 

activities to the presence of antioxidants 

such as vitamin C and E and phenolic 

compounds (Espinosa and Santacruz, 2017). 

The LD50 of the extracts was found to be 

greater than 5000 mg/kg, dermally in New 

Zealand rabbits during the acute toxicity 

study which provided an initial evidence of 

the potential safety of the extracts and this 

agreed with the work of Ugbogu, 2018. The 

present study seeks to evaluate the 

antihypertrophic scar activity of Musa 

cavendishii peel extracts using 

ultrasonography. 

An ultrasound device has the main 

component called transducer which has a 

material (usually piezoelectric crystals) that 

generates acoustic waves when subjected to 

an electric voltage (Bagatin et al., 2013). 

This wave propagates in fluid and/or 

surrounding tissue and the echoes reflected 

by these structures return to the transducer, 

which transforms them into electrical 

energy. Thus, the transducer is the element 

that transforms electrical energy into 

mechanical acoustic wave and makes the 

reverse process when receiving the echoes, 

being the transmitter and the receiver 

component (Wortsman, 2013). The electrical 

energy, after being processed by the 

computer, causes the formation of an image 

view at the monitor. This is represented on 

the screen by luminous points that vary in 

intensity according to the degree of 

reflection of different structures that the 

sound beam crosses. The ability of the 

ultrasound scan transducer used in this work 

to visualized the hyper-echogenic area of 

scar even before the administration of the 

extracts and the standard drug correlate with 

the work of Bagatin et al., 2013 that the 

transducer can generate acoustic waves 

when subjected to an electrical voltage. This 

ability is what makes ultrasound scanner an 

excellent method for assessing edges and 

interface between different regions 

(Kleinerman et al., 2012). 

In two-dimensional-ultrasound (B-mode) 

which was the exact ultrasound used in this 

work, the brightness of each pixel 

corresponds to the amplitude of the echo 

(Marmur et al., 2010). The intensity of the 

echoes in the image is called echogenicity. 

Images with high intensity echoes are called 

echogenic or hyper-echoic; those with low 

intensity are called hypo-echoic; and the 

ones without echoes that is black, anechoic 

or echolucent. What determines the 

echogenicity of each tissue is the speed at 

which the sound wave can pass through it 

and the quantity and intensity of echoes 

returned to the device. In normal skin, the 

echogenicity of each layer depends on its 

main component that is, in the epidermis, it 

is the keratin; in the dermis, it is the 

collagen; and in subcutaneous tissue, are the 

fat lobules (Barcaui et al., 2015). The 

interval between the emitted and reflected 

waves allows calculating the distance 

between the reflected structures. In this 

work, the hyper-echoic region visualized 

within the skin where wound was excised as 

compared to the skin closed to the excised 

wound and that of distilled water signified 

the scar region. Also the morphological 

changes within the week interval which are 

noticed by decreased in the length and area 

of the scar area signified that the aqueous 

extract especially at the high doses of 2000 

and 5000 mg/kg body weight has 

antihypertrophic scar property which can be 

measured conveniently using high frequency 

ultrasound scan. This work is in agreement 

with the work of Moawia, (2018) who used 

ultrasound to evaluate the morphological 

changes of transplanted kidneys in Sudanese 

patients.   
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The images in ultrasound especially when 

measuring lesion are obtained in vertical 

sections and both the resolution and 

penetration vary according to the frequency 

of the ultrasound machine (Ulrich et al., 

2007). The higher the frequency, the shorter 

the wavelength that reaches the tissues: 

better resolution with less penetration. In 

scar monitoring especially in this work, high 

resolution Sono-star ultrasound devices with 

high frequency transducers are used and this 

provide better assessment of the scar in the 

different group with different doses of 

extract hence visualization of lesion beneath 

the epidermis and dermis in the skin are 

perfectly seen which correlate with work of 

Ruiqian et al., (2020).  

Scar monitoring during dermal applications 

of drugs demand an accurate quantitative 

and noninvasive analysis of the lesion, but at 

present, there is no reliable assessment tool 

for measuring the characteristics in length, 

diameter and area of cutaneous scars (Perry 

et al., 2010). Although ultrasonography is a 

technique that can be conveniently used in 

daily practice and had demonstrated a good 

basic accuracy and reliability in scar 

management and monitoring (Li et al., 

2013). Ultrasound as used in this study, 

results in monitoring of scar reduction from 

the different doses of the extracts and 

standard drug, triamcinolone acetonide, 

topical (0.1 %). In this work, the ultrasound 

scan was able to monitor the scar regression 

without causing any complications to the 

wounded area of the rabbits which agreed 

with the work of Aya et al., 2014 who used 

ultrasound elastographic methods which 

provided the means for the objective and 

noninvasive evaluation of the stiffness of 

organs, such as the liver, breast, and thyroid. 

The Vancouver scar scale scores (VSS) is 

use to evaluate the risk factors for the 

development of hypertrophic scar (HTS) and 

to assess the effectiveness of treatment of 

scar, although raised scar height is the 

defining feature of hypertrophic scar (Tyack 

et al., 2012). The entire VSS score serves as 

a greatest accuracy in diagnosing 

hypertrophic scar. Clinicians and researchers 

can easily use it to reach a consensus in their 

opinions about what a score on the VSS can 

constitutes HTS with comparing it with 

other measurement scale (ultrasound 

scanner) of measuring scar. In this work, the 

thread used in measuring the length and 

height of the hypertrophic scar at the initial 

point before translating it to ruler for 

accurate measurement give a firsthand 

information when correlating it with that of 

the ultrasound results. All other VSS 

parameter in this work are in agreement with 

the work of Thompson et al., (2015) but 

disagree with the work of Tyack et al., 

(2012) which only believed that VSS is used 

as a risk factors for the development of 

hypertrophic scar without using thread in 

assessing the height and the length of such 

scar.  

In summary, this technique allows the 

noninvasive and examination of 

hypertrophic scars providing an innocuous 

way to objectively visualize the dynamics of 

the lesions while undergoing different 

therapeutic approaches. The use of an 

ultrasound to measure scar thickness after 

treatment with different doses of plant 

extracts therapy is reproducible, readily 

available and can feasibly be integrated into 

a pharmacological study to monitor 

hypertrophic scar.  

Conclusion 

In the duration of 30 days monitoring of 

antihypertrophic scar activity of Musa 

cavendishii peel extracts, the ultrasound 

scan shows changes in the morphology, 

hyper-echogenicity of the scar and as well as 

changes in the diameter, length and area of 

the scar. This change serves as a useful and 
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important tool to predict the outcome of a 

scar reduction when administrating Musa 

cavendishii peel extracts. 
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