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ABSTRACT 

The study investigates the wound healing and antimicrobial activities of extracts from Luffa cylindrica (Linn) 
seeds. The seed extracts (n-hexane, chloroform, diethyl ether, ethyl acetate, butanol and methanol) were 
evaluated for wound healing properties in white albino rats using the full thickness skin excision model. Thirty-
two female wistar albino rats were randomly divided into four groups. Animals in the test groups were treated 
topically with 1 ml of 200mg/ml of the extracts for 17 days post-surgery. The standard and control groups were 
treated with Neobacin® powder (neomycin and bacitracin) and sterile distilled water respectively. Significant 
(P<0.05) wound contractions were observed across the groups. Diethyl ether extract had the most prominent 
wound healing activity while chloroform was least active. The median lethal dose (LD50) of the methanol seed 
extract administered intraperitoneally in wistar albino mice was found to be 24.5 mg/kg. Different 
concentrations of the various extracts of L. cylindrica seeds were evaluated for antimicrobial activity against 
selected wound pathogens (Staphylococcus aureus, Pseudomonas aeruginosa, Klebsiella pneumonia, Escherichia coli, 
Proteus vulgaris and Candida albicans) using agar well diffusion method and the minimum inhibitory 
concentrations (MIC) of each were determined.  The seed extracts were active against gram positive, gram 
negative and fungus; the M.I.C. of various extracts of seeds extracts range from 0.04-0.6 g/ml.  Furthermore, 
phytochemical studies revealed the presence of saponins, tannins, flavonoids, carbohydrates, cardiac glycosides, 
deoxy-sugar, terpenes, phlobatannins and alkaloid. The way the different extracts functioned on the selected 
wound pathogens depended on the phytochemicals present in the extract. 
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INTRODUCTION 
Plant-derived substances have recently become of great 
interest owing to their versatile applications. Medicinal 
plants are the richest bio-resource of drugs of 
traditional systems of medicine, modern medicines, 
neutraceuticals, food supplements, folk medicines, 
pharmaceutical intermediates and clinical entities for  
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synthetic drugs. [1]  
Luffa cylindrica (Linn.) (Smooth loofah or sponge gourd) 
is an annual climbing plant that belongs to the family 
Cucurbitaceae. It is an herbaceous plant and thrives 
commonly with twining tendrils. [2] The fruit has a 
network of fibres surrounding a large number of flat 
blackish seeds. In traditional medical practice, the fruits 
are reported to have anthelmintic, carminative, 
laxative, depurative, emollient, expectorant, tonic and 
galactogogue effects. [3-4] Earlier studies have shown 
that the plant possesses a number of medicinal 
properties including anti-inflammatory [5], anaesthetic, 
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anti-cancer [6], hepatoprotective [7], antimicrobial [8] and 
enzyme-inhibitor effect. [9] The seeds are said to have 
healing properties and also effective in the treatment of 
asthma, sinusitis and fever [10]; seed oils are employed 
in cosmetics for its anti-tumour, anti-inflammatory and 
antimicrobial activities in the treatment of skin 
diseases. However, there has been paucity of detailed 
scientific information on wound healing and 
antimicrobial activity of L. cylindrica seed extracts on 
some clinical isolates that can help ascertain some 
folkloric claims. This work, is therefore, aimed at 
examining the wound healing potentials of L. cylindrica 
seed extracts in correlation with the in vitro growth 
inhibition of selected wound pathogens.  
MATERIALS AND METHODS  
Sample Collection and Preparation  

Mature dried fruits of L. cylindrica pods were collected 
in the month of March from the wild in Abak Local 
Government Area of Akwa Ibom State, Nigeria. The 
sample was identified and authenticated by Dr. (Mrs.) 
M. E. Bassey of the Department of Botany, University of 
Uyo, Nigeria and a voucher specimen was deposited at 
the Herbarium of the department. The pods were 
beaten with a wooden club to free the seeds for easy 
removal. The seeds released from the pods were 
washed, sun-dried, dehulled and pulverized using a 
laboratory manual grinder. 
Preparation of Extracts  
The pulverized seed sample was macerated in n-hexane 
for 72 hours and fixed oils obtained by distillation. The 
oil-free residue was successively extracted with 
solvents of increasing polarity: chloroform, diethyl 
ether, ethyl acetate, n-butanol and methanol. The 
filtrates were concentrated at 40°C to obtain the crude 
extracts.  
Experimental Animals                  
Thirty nine (39) wistar albino mice of either sex 
weighing 20-25 g of 70 days were used for acute 
toxicity studies.  Thirty two (32) adult female albino 
rats (wistar strain) weighing 150-220 g were also 
employed for wound healing evaluation. The animals 
were procured from the animal house, Department of 
Pharmacology and Toxicology, Faculty of Pharmacy, 
University of Uyo. The animals for acute toxicity 
studies were fasted 24 hours prior to drug 
administration to avoid food-drug interaction but were 
allowed access to water ad libitum. The animals for 
wound healing evaluation were fed standard rat ration 
(Grower’s mash) and water ad libitum. The animals 
were kept in wooden cages under standard 

environmental condition (25  2°C) at a natural day and 
night cycle. Permission and approval for animal studies 
were obtained from the College of Health Sciences, 
Animal Ethics Committee, University of Uyo, Uyo.   
Determination of LD50  

Median lethal dose (LD50) was determined using 
Lorke’s method. [11] Thirty nine albino mice of wistar 
strain were randomized and divided into groups of 
thirteen of three mice per group. The methanol extract 

was administered intraperitoneally (i.p) in a dose range 
of 10-5,000 mg/kg and observed for 24 hours.    
Wound Healing Activity  

Excision Wound: The animals were anaesthetized prior 
to and during creation of wounds with ether. The 
dorsal fur of the animals was shaved and the 
anticipated area of the wound to be created was 
outlined with methylene blue using a circular stainless 
stencil of approximately 14 mm in diameter. An 
excision wound was inflicted by cutting away full 
thickness along the marking on the depilated back. 
Experimental Design: The animals were randomly 
divided into eight groups of four rats each. Group I –VI 
were treated with n-hexane, chloroform, diethyl ether, 
ethyl acetate, butanol and methanol extracts 
respectively. Group VII were treated with Neobacin® 
powder as standard while group VIII were treated with 
sterile water as control. The extracts (1ml) were applied 
once daily to treat different groups of animals. Wound 
closure was assessed by tracing the wound every 
alternate day of post-wounding using transparent 
tracing paper and a permanent marker. The tracing 
paper was placed on a graph sheet, measured and the 
areas recorded in mm2. [12] 
Microorganism Used  

Antimicrobial tests were carried out using bacteria and 
fungus obtained from clinical samples isolated from the 
medical laboratory section of St. Luke’s Hospital, Anua, 
Uyo, Akwa Ibom State. The microorganisms were S. 
aureus, P. aeruginosa, K. pneumonia, P. vulgaris, E. coli 
and C. albicans. All the bacteria were suspended in 
nutrient broth and the fungus in Saboraud dextrose 
agar (SDA).  
Evaluation of Antimicrobial Activity  

Antimicrobial activity of L. cylindrica seed extracts was 
evaluated by agar well diffusion method. [13] Freshly 
prepared 24 hours culture was spread on to the sterile 
nutrient agar plates. Spreading was done using swab 
which was spread on to the plates uniformly with wells 
punched into the plates using a sterile cork borer of 5 
mm diameter.  Streptomycin and nystatin were used as 
standards for antibacterial and antifungal assays 
respectively. Different concentrations of the extracts 
were used in screening for antimicrobial activity (0.1, 
0.2, 0.3 and 0.4 g/ml). Inoculated bacterial culture was 
incubated at 37°C for 24 hours and fungal culture at 
31°C for 48 hours. [14] Antimicrobial activity was 
determined by measurement of zone of inhibition 
around each well in plate. The M.I.C for the extracts 
was determined by broth dilution method. [14] Different 
extracts of various dilutions were incubated at 37°C for 
24 hours and the results were recorded.  
Phytochemical Analysis  
Preliminary phytochemical screening for saponins, 
tannins, flavonoids and carbohydrates was conducted 
using standard methods by Trease and Evans [15]; 
cardiac glycosides, phlobatannins, anthraquinones, 
deoxy-sugars, terpenes and alkaloids were also 
determined following the methods of Sofowora. [16] 
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Statistical Analysis  

Results of all the estimations were indicated in mean  
SEM. Difference between the groups was statistically 
determined by analysis of variance (ANOVA) with 
Dunnett’s test multiple comparisons using SPSS 
package. The level of significance was set at P<0.05. 
 
RESULTS AND DISCUSSION 
Phytochemical Screening  
The result of the preliminary phytochemical screening 
(Table 1) reveals that methanol extract contains high 
amount of saponins, alkaloids and phlobatannins;  
butanol extract (alkaloids and deoxy-sugars); diethyl 
ether extract (deoxy-sugars, cardiac glycosides, 
alkaloids and carbohydrate) and chloroform extract 
(deoxy-sugars and cardiac glycosides). Anthraquinones 
were not detected in any of the extracts studied. 
Muthumani et al. [8] made a similar observation 
showing the presence of sugar, protein, alkaloids, 
sterols, flavonoids and glycosides as major constituents 
of L. cylindrica seeds.  A number of triterpenoids and 
fibrinolytic saponins have been isolated and 
characterized from seeds [17-18] and fruits [19] of L. 
cylindrica. The flavonoid, apigenin [20] has also been 
identified.                                                             
Acute Toxicity  

The result of the median lethal dose (LD50) of methanol 
extract of L. cylindrica seeds is presented in Table 2. The 
methanol extract (which contains high amount of 
saponins, alkaloids and phlobatannins) caused dose-
dependent mortality where the limit test dose of 5000 
mg/kg body weight was used. No test substance 
related mortality was observed between 10-20 mg/kg 
body weight while 100% mortality was recorded from 
30-5000 mg/kg body weight. The median lethal dose 
(LD50) of the methanol extract of the seeds was 
determined to be 24.5 mg/kg body weight. The toxicity 
observed might be due to the intraperitoneal route of 
administration (higher bio-availability) as the methanol 
extract contains high concentration of saponins which 
when injected into the blood stream are highly toxic 
because of their ability to lyse erythrocytes in vivo 
consequently reducing the oxygen-carrying capacity of 
the blood [21], but when administered orally becomes 
comparatively harmless. Ilango et al. [22] established a 
median lethal dose (LD50) of 3000 mg/kg body weight 
for methanol extract (containing glycosides, saponins, 
and carbohydrates) of fruit pulp of Momordica balsamina 
(Cucurbitaceae) in albino rats. Disparity in results 
obtained might be from the different experimental 
animals used (mice and rats) and route of 
administration (intraperitoneal and oral). Anamika et 
al., [18] reported that L. cylindrica seeds contain various 
triterpenoid saponins, some of them highly toxic and 
also shown to demonstrate in vivo immunostimulatory 
effects in mice. 
Wound Healing Activity 

The effect of the various extracts of L. cylindrica seed is 
presented in Table 3 and 4 respectively. Significant 

promotion of wound healing was observed in diethyl 
ether, methanol, butanol and ethyl acetate while hexane 
and chloroform extracts had relatively poor healing 
activity. Diethyl ether extract showed the most 
prominent wound contraction rate with a mean 
percentage closure of 16%, 39%, 65%, 86% and 99% on 
the 3rd, 6th, 9th, 12th and 15th day post-surgery 
respectively when compared with the standard.  
Methanol and butanol also showed relatively fast 
wound closure at 99% and 96.4% respectively 17th day 
post-surgery. 
The phytochemicals (flavonoids, saponins, 
carbohydrate, terpenes) present in diethyl ether extract 
may be responsible for the significant wound 
contraction and epithelization. It has been evident that 
phytoconstituents such as catechins can significantly 
improve the quality of wound healing and scar 
formation [23], flavonoids because of their antioxidant 
property accelerates the wound healing process and 
could be potential therapeutic tool in the treatment of 
SMC- rich vascular lesions. [24-25] Dhanalekshmi et al. [26] 
also reported better wound healing pattern with 
complete wound closure observed in groups treated 
with ethanolic extract of L. cylindrica leaf and flower 
within 16 days. This report justifies the use of L. 
cylindrica in folkloric medicine for wound healing. 
 

Table 1: Phytochemical screening of L. cylindrica seed extracts 

Test 
Chloro
form 

extract 

Diethyl 
ether 

extract 

Ethyl 
acetate 
extract 

Butanol 
extract 

Metha
nol 

extract 

Saponins + ++ - ++ +++ 

Anthraquinones - - - - - 
Deoxy-sugar +++ +++ + +++ ++ 

Cardiac 
glycosides 

+++ +++ ++ ++ ++ 

Tannins - ++ - + ++ 
Alkaloids ++ +++ ++ +++ +++ 

Flavonoids - ++ - + + 

Phlobatannins - - - - +++ 
Carbohydrate + +++ + ++ ++ 

Terpenes + ++ + ++ ++ 

+++ = Highly present; ++ = Moderately present; + = Presence in trace 
amount; -  = Absent or negligible amount 

 
Table 2: Acute toxicity (LD50) of methanol extract of L. cylindrica 
seeds 

Concentration of Extract (mg/kg) Mortality rate % mortality 

5000 0/3 100 
1000 0/3 100 
800 0/3 100 
600 0/3 100 
400 0/3 100 
300 0/3 100 
200 0/3 100 
100 0/3 100 
50 0/3 100 
40 0/3 100 
30 0/3 100 
20 3/3 0 
10 3/3 0 

LD50 =    Where Do =maximum dose that produced 
0% mortality, D100 =Minimum dose that produced 100% mortality  

 LD50 =       = 24.49 mg/kg  24.5 mg/kg 
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Table 3: Percentage wound healing evaluation of L. cylindrica seed extracts 

Post Wounding 
Days 

Hexane Chloroform Diethyl ether Ethyl acetate Butanol Methanol 
Standard  

(Neobacin) 
Control 
(Water) 

0 0% 0% 0% 0% 0% 0% 0% 0% 
3 0% 26.5% 15.99% 15.99% 16.7% 15.1% 22.9% 16.9% 
6 35.07% 40.9% 39.2% 25.3% 32.3% 39.9% 55.6% 40.6% 
9 26.5% 43.3% 64.69% 49.4% 34.1% 53.4% 68.7% 58.7% 

12 53.5% 41.3% 86.4% 49.7% 60.9% 64.1% 80.9% 76% 
15 57.14% 19.3% 99% 72.2% 87.5% 90.5% 94.2% 84.3% 
17 70.9% 31.6% 100% 83.1% 96.4% 99.1% 99.6% 95% 

 
Table 4: Effect of topical application of extracts of L. cylindrica seed on excision wound model 

Post Wounding 
Days 

Comparative Mean Wound Area in mm2 

Hexane Chloroform 
Diethyl 

ether 
Ethyl acetate Butanol Methanol 

Standard 
(Neobacin) 

Control 
(Water) 

0 196 ± 0.00 196 ± 0.00 211 ± 15.00 211 ± 15.00 196 ± 0.00 243 ± 0.00 262 ± 48.12 196 ± 0.00 
3 196 ± 0.00* 144 ± 0.00* 177 ± 20.08* 177 ± 20.08* 163 ± 12.40* 206 ± 30.18 202 ± 42.47 163 ± 6.25 
6 127 ± 10.57* 116 ± 5.27 128 ± 17.08* 156 ± 15.17* 132 ± 6.69* 146 ± 19.62* 116 ± 0.49 116 ± 10.49 
9 144 ± 0.00* 111 ± 11.00* 75 ± 14.72 107 ± 15.19* 129 ± 22.79* 113 ± 19.34* 82 ± 0.39 81 ± 7.35 

12 91 ±  9.00* 90 ± 8.71* 28 ± 12.27* 106 ± 25.53* 76 ± 22.77* 75 ± 15.52* 50 ± 8.08 47 ± 18.28 
15 84 ± 16.00* 157 ± 81.44* 2 ± 1.15* 58 ± 24.91* 24 ± 13.26* 23  ± 7.89* 15 ± 7.54 12 ± 8.38 
17 57 ± 7.00* 134 ± 88.91* 0  ± 0.00 35 ± 16.93* 9 ± 9.00 2 ± 1.15 1 ± 1.00 2 ± 2.00 

Data presented as Mean ± S.E.M; Significant at P<0.05 where n = 4 

 
Table 5: Zone of inhibition of L. cylindrica seed extracts (mm) 

  
Microorganisms 

S. aureus P. aeruginosa K. pneumonia P. vulgaris E. coli C. albicans 

Hexane (g/ml) 

0.1 - - - - 13 - 
0.2 - - - - 15 - 
0.3 - - - - 16 - 
0.4 - - 14 - 20 - 

Chloroform  (g/ml) 

0.1 - - - - 30 - 
0.2 - 15 - 20 30 - 
0.3 - 18 - 20 30 - 
0.4 - 20 - 20 30 - 

Diethyl ether  (g/ml) 

0.1 15 - 15 12 - - 
0.2 15 - 15 13 15 - 
0.3 20 - 20 20 17 - 
0.4 25 - 25 25 20 - 

Ethyl acetate  (g/ml) 

0.1 12 16 - - 11 - 
0.2 15 16 - - 15 - 
0.3 15 16 - - 15 - 
0.4 16 20 15 15 20 - 

Butanol  (g/ml) 

0.1 - 25 20 - 16 15 
0.2 12 30 20 20 18 16 
0.3 13 30 22 20 18 18 
0.4 13 30 23 23 20 20 

Methanol  (g/ml) 

0.1 - 12 - - 12 11 
0.2 - 15 - - 12 12 
0.3 15 18 - 20 20 15 
0.4 18 23 15 20 20 20 

Streptomycin  (g/ml) 0.1 20 25 18 20 20 ND 
Nystatin  (g/ml) 0.1 ND ND ND ND ND 12 

ND = Not detected; () =  No zone 

 
Table 6: Minimum inhibitory concentrations of L. cylindrica seed extracts 

Microorganism Hexane (g/ml) Chloroform (g/ml) Diethyl ether (g/ml) Ethyl acetate (g/ml) Butanol (g/ml) Methanol (g/ml) 

S. aureus 0.46 0.5 0.08 0.1 0.2 0.24 
P. aeruginosa 0.5 0.16 0.5 0.06 0.04 0.08 
K. pneumonia 0.4 0.5 0.44 0.38 0.06 0.36 

P. vulgaris 0.44 0.14 0.1 0.36 0.15 0.26 
E. coli 0.06 0.04 0.16 0.1 0.08 0.1 

C. albicans 0.5 0.6 0.44 0.46 0.06 0.1 

 
Antimicrobial Activity 

Table 5 reveals that the antimicrobial activity of various 
extracts showed concentration-dependence against test 
organisms. The test microorganisms show various 
sensitivity indices for different seed extracts.  Extract of 
diethyl ether at 0.1 g/ml demonstrated highest 

antimicrobial activity against S. aureus (15 mm) and P. 
vulgaris (12 mm). Also, butanol extract at 0.1 g/ml 
demonstrated significant antimicrobial activity against 
P. aeruginosa (25 mm), K. pneumonia (20 mm) and C. 
albicans (15 mm). The hexane extract (fixed oil) showed 
no activity against S. aureus, P. aeruginosa, P. vulgaris 
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and C. albicans. The result revealed that C. albicans was 
most resistant to the test extracts (hexane, chloroform, 
diethyl ether and ethyl acetate). Streptomycin (0.1 
g/ml) used as standard for the bacterial isolates 
exhibited the highest inhibitory activity against P. 
aeruginosa (25 mm); followed by S. aureus, P. vulgaris 
and E. coli with an inhibition zone of 20 mm. Nystatin 
tablet (0.1 g/ml) used as a standard for C. albicans 
exhibited 12 mm zone of inhibition.  
Minimum inhibitory concentration (M.I.C.) which is the 
lowest concentration of an extract that inhibits 
completely the growth of micro-organism in 24 hours 
ranged from 0.04 g/ml to 0.6 g/ml on tested bacteria 
and fungus for various extracts (Table 6). Butanol 
extract had the least MIC against P. aeruginosa (0.04 
g/ml), K. pneumonia (0.06 g/ml) and C. albicans (0.06 
g/ml); diethyl ether extract had the least MIC against S. 
aureus (0.08 g/ml) and P. vulgaris (0.1 g/ml) while 
chloroform extract had the least MIC for E. coli (0.04 
g/ml). Diethyl ether and butanol extracts demonstrated 
potent antimicrobial activities against selected wound 
pathogens in this study. Phytochemicals which are 
secondary metabolites present in various extracts may 
be responsible for the demonstration of antibacterial 
and antifungal activity against gram negative, gram 
positive bacteria and fungus. These findings are 
consistent with the studies of Kumar et al. [27] and 
Velmurugan et al. [28] who reported the antimicrobial 
activity of fruit and whole plant of L. cylindrica. This 
study shows that the seed extracts have significant 
wound healing promoting activity and prominent 
antimicrobial activity against some wound pathogens, 
and therefore, offers scientific support for the use of L. 
cylindrica seeds for treating wounds and as an 
antiseptic.  
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