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Abstract

AIM: Garden egg (Solanum aethiopium) is an edible fruits vegetable with  different species.This study 
investigated characterisation and the effect of the phenolics extracts from S. aethiopium species with enzymes 
linked with type -2-diabetes (α-amylase and α-glucosidase) and hypertension [Angiotensin-1-converting 
enzyme (ACE)].

METHODS: Fresh samples of the 5 species of the garden egg namely, [Solanum gilo (PW), Solanum 
torvum (TWS), Solanum kumba (PGR), Solanum incanum (GSB), and Solanum indicum (WSB)] were oven-
dried at 50°C and milled into flour. The aqueous extracts were prepared (1:50 w/v). The phenolic contents 
(total phenol and total flavonoid), vitamin C and 1,1-diphenyl–2-picrylhydrazyl (DPPH), the antioxidant 
activities of the extracts were evaluated. The ability of the extracts to inhibit diabetes enzymes in rat pan-
creas as well as the inhibition of angiotensin-1-converting (ACE) enzyme in lungs homogenates in vitro were 
investigated. Furthermore, the fruits polyphenols were identified and quantified using HPLC-DAD.

RESULTS: The phenolic contents ranged from 2.70-3.76 mgGAE/g, while there were no significant (P>0.05) 
differences in their flavonoid content and ability to reduce Fe3+ to Fe2+. The vitamin C contents of the species 
ranged from 4.01-6.52 mg/ml. The extracts scavenged DPPH in a dose dependent manner with the IC50 values 
ranging from 3.23-4.20 mg/ml. Furthermore, the extracts showed strong inhibition of α-glucosidase, mild inhi-
bition of α-amylase and strong inhibition of ACE activities.

CONCLUSION: This study showed that the inhibition of the key enzymes relevant to type-2 diabetes and 
hypertension could be part of the mechanisms by which garden egg manage/prevent the degenerative condi-
tions. (Int J Biomed Sci 2014; 10 (4): 272-281)
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INTRODUCTION

Hyperglycemia is a condition associated with diabe-
tes mellitus and is linked to most diabetes complications 
as their primary cause. Hyperglycemia is a condition 
of abnormal rise in plasma glucose level, and in type-
2-diabetes is a result of insulin resistance (1). Prolonged 
hyperglycemia leads to increased generation of reactive 
oxygen species (ROS) and alteration of endogenous an-
tioxidants. Postprandial hyperglycemia could induce the 
non-enzymatic glycosylation of various proteins and 
biomolecules; resulting in the development of chronic 
complications. Therefore, control of postprandial plasma 
glucose levels is critical in the early treatment or man-
agement of diabetes mellitus, in particular type-2 diabe-
tes, and in reducing chronic vascular complications (2). 
Inhibition of enzymes involved in the digestion of poly-
saccharides, such as α-amylase and α-glucosidase, is one 
of the therapeutic approaches for managing or control-
ling hyperglycemia (3).

Previous reports have been published on established 
enzyme inhibitors such as acarbose, miglitol, voglibose, 
nojirimycin and 1-deoxynojirimycin and their favorable 
effects on blood glucose levels after food uptake (4). This 
attribute could be due to inhibition of saccharide assimi-
lation, through inhibiting starch breakdown. With the 
reduced amount of amylase available for the breakdown, 
complex polysaccharides have a better chance of travel-
ling through the gastrointestinal tract (GIT) without be-
ing assimilated, and are eventually excreted from the body 
instead of being converted into storage fat. The side ef-
fects associated with the use of drugs such as abdominal 
distension,bloating and flatulene with its cost (5) this ne-
cessitates the search for inhibitors from natural sources 
with strong α-glucosidase, but mild α-amylase activities. 
One of the long-term complications of type-2-diabetes 
mellitus is hypertension. Angiotensin –I- converting en-
zyme (ACE) (EC 3.4.15.1) plays an important physiologi-
cal role in regulating blood pressure (6). ACE belongs to 
the class of zinc proteases and is expressed in the vascu-
lar endothelial lining of human lungs. ACE is a dipeptidyl 
carboxypeptidase that catalyzes the conversion of angio-
tensin I (decapeptide) to angiotensinII (octapeptide), it 
inactivates the antihypertensive vasodilator (bradykinin) 
and increases blood pressure (7). Drug development effort 
has been directed toward excluding unwanted side-effects 
(8). Inhibition of the angiotensin - 1- converting enzyme 
is established as one modern therapeutic principle in the 
treatment of hypertension.

Screening for anti-hypertensive effects in traditional 
plants has been performed over many years and several 
animal studies have been carried out (9). Millions of 
people in developing nations, including Nigerians, have 
resorted to the use of plants sources to treat or manage their 
ailments; this could be due to the high cost of orthodox 
health care or as a result of the global shift towards the use 
of natural sources, rather than synthetic drugs (10).

Solanum aethiopicum “Gardenegg” or “Scarlet 
eggplant” is an edible vegetable crop belonging to the 
family Solanaceae. The family is one of the largest and the 
most important families of vegetable which are essentially 
tropical in origin. Phytochemical analysis on Solanum 
aethiopicum, has been reported (11, 12). 

Reports on the pharmacological activity of these garden 
eggs have been reported on its antiulcer (12).This plant has 
been regarded as an underutilised crop possible because 
there is scanty knowledge and scientific information about 
it (13). The garden egg species have been in use in tra-
ditional medicine systems for the management of type-2 
diabetes and the National Diabetes Education Programme 
of National Institute of Health, the Mayo Clinic and 
American Diabetes Association (14, 15) has also recom-
mended garden egg as choice plant in the management of 
the degenerative condition (16).There are different species 
of these garden egg (Solanum aethiopicum), endowed in 
Nigeria. Studies have been done recently on some species 
(17) in continuation of the research studies were undertak-
en on five common species in order to rank them based on 
their anti- diabetic/ anti-hypertensive activities since there 
are limited information on their mechanism of action, also 
to quantify and characterized the poly- phenols present 
which could give more information that contributes to the 
ranking of garden egg. Therefore, it is expedient to investi-
gate the in-vitro inhibitory effect of water extractable phy-
tochemicals from these species of garden egg (Solanum 
aethiopium) on α-amylase, α-glucosidase and angiotensin 
- 1- converting enzyme (ACE) activities. 

MATERIALS AND METHODS

Sample Collection
Fresh samples of 5 species of Garden egg (Solanum ae-

thiopum) commonly consumed in Nigeria [Solanum gilo 
(PW), Solanum torvum (TWS), Solanum kumba (PGR), So-
lanum incanum (GSB), and Solanum indicum (WSB)] were 
purchased from Erekesan main market at Akure,Ondo 
State, Nigeria. The identification of the samples was car-
ried out at the Crop, Soil, and Pest management (CSP) De-
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partment of the Federal University of Technology, Akure, 
Nigeria. All the samples was oven-dried at 50oC and 
milled into powder,and was stored in an airtight plastic 
container. All the chemicals used were of analytical grade, 
and distilled water was used for analyses. 

Chemicals and equipment 
Folin-Ciocalteu’s phenol reagent, gallic acid and an-

hydrous sodium carbonate used were products of Fluka 
(Buchs, Switzerland). Quercetin and DPPH (2,2-diphenyl-
1picrylhydrazyl), Ascorbic acid and starch were products 
of Merck (Darmstadt, Germany), Iron chloride, ACE, por-
cine pancreatic α-amylase (EC 3.2.1.1) and α-glucosidase 
(EC 3.2.1.20) were products of Sigma-Aldrich (USA). Iron 
(III) chloride 6-hydrate and trichloroacetic acid Fisher 
products. All other chemicals used were purchased from 
Rovet Scientific Limited, Benin City, Edo State, Nigeria. 
The distilled water used was obtained from the Chemistry 
Department at Federal University of Technology, Akure. 
Optical absorbance was measured with a UV-Visible spec-
trophotometer (Model 6305; Jenway, Barloworld Scien-
tific, Dunmow, United Kingdom). Methanol, acetic, gallic, 
caffeic ellagic acid, kaempferol and chlorogenic acids were 
purchased from Merck (Darmstadt, Germany). Catechin, 
,epicatechin, quercetin, quercitrin,isoquercitrin and rutin 
were acquired from Sigma Chemical Co. (St. Louis, MO, 
USA). High performance liquid chromatography (HPLC-
DAD) was performed with a Shimadzu Prominence Auto 
Sampler (SIL-20A) HPLC system (Shimadzu, Kyoto, Ja-
pan), equipped with Shimadzu LC-20AT reciprocating 
pumps connected to a DGU 20A5 degasser with a CBM 
20A integrator, SPD-M20A diode array detector and LC 
solution 1.22 SP1 software.

Sample Preparation
The aqueous extracts were prepared (1:50 w/v). 1g of 

each of milled samples was soaked in 50ml distilled water 
for 24hrs. The mixture was filtered and the filtrate was 
centrifuged to obtain a clear supernatant which was sub-
sequently used for the various assays (18).

Total phenol determination 
The total phenol content of the sample was determined 

by adding 0.5 ml of the sample extract to an equal vol-
ume of water, 2.5 ml 10% Folin-Ciocalteau reagent (v/v) 
and 2.0 ml of 7.5% sodium carbonate was subsequently 
added. The reaction mixture was incubated at 45°C for 40 
min, and absorbance was measured at 726 nm (JENWAY 
6305), Gallic acid was used as the standard phenol (19).

Determination of total flavonoid content
The total flavonoid content of the extracts was deter-

mined using a slightly modified method reported by (20). 
Briefly, 0.5 ml of aqueous sample was mixed with 0.5 ml 
methanol, 50 μL of 10% AlCl3, 50 μL of 1mol/L potassium 
acetate and 1.4 ml water, and allowed to incubate at room 
temperature for 30 min. Thereafter, the absorbance of the 
reaction mixture was subsequently measured at 415 nm. 
The total flavonoid content as calculated using quercetin 
as standard.

Determination of vitamin C content
Vitamin C content of the garden egg extracts was de-

termined using the method of Benderitter (21). Briefly, 75 
µL DNPH (2 g dinitrophenyl hydrazine, 230 mg thiourea 
and 270 mg CuSO4·5H2O in 100 ml of 5 M H2SO4) were 
added to 500 µL reaction mixture (300 µL of appropri-
ate dilution of the extracts with 100 µL 13.3% trichloro-
acetic acid (TCA) and water). The reaction mixture was 
subsequently incubated for 3 hrs 37ºC, then 0.5 ml of 65% 
H2SO4 (v/v) was added to the medium and the absorbance 
was measured at 520 nm using a spectrophotometer. The 
vitamin C content of the extracts was subsequently calcu-
lated.

Ferric reducing power (FRAP)
The reducing property of the extracts was determined 

by assessing the ability of the extract to reduce FeCl3 so-
lution as described by Oyaizu (22). A 2.5 ml aliquot was 
mixed with 2.5 ml of 200 mM sodium phosphate buffer 
(pH 6.6), and 2.5 ml of 1% potassium ferricyanide. The 
mixture was incubated at 50°C for 20 min, and then 2.5ml 
of 10% trichloroacetic acid was added. This mixture was 
centrifuged at 650 rpm for 10 min, thereafter 5 ml of the 
supernatant was mixed with an equal volume of water and 
1 ml of 0.1% ferric chloride. The absorbance was mea-
sured at 700 nm against a reagent blank. A higher absor-
bance indicates a higher reducing power.

1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical 
scavenging ability

The free radical scavenging ability of the extracts 
against DPPH (1,1-diphenyl–2 picrylhydrazyl) free radical 
was evaluated as described by Gyamfi (23). Appropriate 
dilution of the extracts was mixed with 1 ml of 0.4 mM 
methanolic solution containing DPPH radicals. The mix-
ture was left in the dark for 30 min and the absorbance 
was measured at 516 nm. The DPPH free radical scaveng-
ing ability was subsequently calculated with respect to the 
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reference, which contained all the reagents without the test 
sample.

α-Amylase inhibition assay 
The aqueous extracts volume (500 μl) and 500 μl of 

0.02M sodium phosphate buffer (pH 6.9 with 0.006 M 
NaCl) containing Hog pancreatic α-amylase (EC 3.2.1.1) 
(0.5 mg/ml) were incubated at 25°C for 10 minutes. Then, 
500 μl of 1% starch solution in 0.02 M sodium phosphate 
buffer (pH 6.9 with 0.006 M NaCl) was added to each 
tube. The reaction mixtures was incubated at 25°C for 10 
minutes and stopped with 1.0 ml of dinitrosalicylic acid 
colour reagent. Thereafter, the mixture was incubated in a 
boiling water bath for 5 minutes, and cooled to room tem-
perature. The reaction mixture was then diluted by adding 
10 ml of distilled water, and absorbance measured at 540 
nm using the spectrophotometer (JENWAY 6305). The 
percentage (%) enzyme inhibitory activity of the aqueous 
extracts was calculated (24).
 
α-Glucosidase inhibition assay 

The volume of the aqueous extracts (50 μL) and 100 
μl of α-glucosidase solution (1.0 U/ml) in 0.1 M phosphate 
buffer (pH 6.9) was incubated at 25°C for 10 min. Then, 
50 μl of 5 mM p-nitrophenyl-α-D-glucopyranoside solu-
tion in 0.1 M phosphate buffer (pH 6.9) was added. The 
mixtures were incubated at 25°C for 5 min. Then 2ml of 
Na2CO3 

was added to terminate the reaction before read-
ing the absorbance at 405 nm in the spectrophotometer 
(JENWAY 6305). The α-glucosidase inhibitory activity 
was expressed as percentage inhibition. The percentage 
(%) enzyme inhibitory activity of the aqueous extracts 
was calculated (25).

Angiotensin-I-converting enzyme (ACE) inhibition assay 
The volume of the aqueous extract (50 μl) and ACE 

solution (50 μl, 4 mU) were incubated at 37ºC for 15 min. 
The enzymatic reaction was initiated by adding 150 μl of 
8.33 mM of the substrate Bz–Gly–His–Leu in 125 mM 
Tris– HCl buffer (pH 8.3) to the mixture. After incuba-
tion for 30 min at 37ºC, the reaction was arrested by add-
ing 250 μl of 1M HCl. The cleaved Gly–His bond and the 
Bz–Gly produced by the reaction was extracted with 1.5 
ml ethyl acetate. Thereafter the mixture was centrifuged 
to separate the ethyl acetate layer; then 1 ml of the ethyl 
acetate layer was transferred to a clean test tube and evap-
orated. The residue was redissolved in distilled water and 
its absorbance was measured at 228 nm using the spectro-
photometer (JENWAY 6305). The percentage (%) enzyme 

inhibitory activity of the aqueous extracts was calculated. 
(26).

Quantification of compounds by HPLC-coupled with 
diode array detection (DAD)

Reverse phase chromatographic analyses were carried 
out under gradient conditions using C18 column (4.6 mm × 
150 mm) packed with 5 μm diameter particles; the mobile 
phase was water containing 2% acetic acid (A) and metha-
nol (B), and the composition gradient was: 5% of B until 
2 min and changed to obtain 25%, 40%, 50%, 60%, 70% 
and 100% B at 10, 20, 30, 40, 50 and 60 min, respectively, 
following the method described by Amaral (27) with slight 
modifications. All the samples were analyzed at a concen-
tration of 20 mg/mL. The presence of eleven antioxidants 
compounds was investigated, namely, gallic acid, caffeic 
acid, ellagic acid, chlorogenic acid, kaempferol, catechin, 
epicatechin, quercetin, quercitrin,isoquercitrin and rutin. 
Identification of these compounds was performed by com-
paring their retention time and UV absorption spectrum 
with those of the commercial standards. The flow rate was 
0.7 ml/min, injection volume 40 μl and the wavelength were 
254 nm for gallic acid, 280 nm catechin and epicatechin, 327 
nm for caffeic, ellagic acid and chlorogenic acids, and 365 
nm for quercetin, quercitrin: isoquercitrin, kaempferol and 
rutin. The samples and mobile phase were filtered through 
0.45 μm membrane filter (Millipore) and then degassed by 
ultrasonic bath prior to use. Stock solutions of standards 
references were prepared in the HPLC mobile phase at a 
concentration range of 0.020–0.200 mg/ml for quercetin, 
quercitrin isoquercitrin, kaempferol rutin, catechin and epi-
catechin; and 0.050–0.250 mg/ml for chlorogenic, ellagic 
acid, caffeic and gallic acids. The chromatography peaks 
were confirmed by comparing its retention time with those 
of reference standards and by DAD spectra (200 to 500 
nm). Calibration curve for gallic acid: Y = 12563x + 1381.4 
(r=0.9991); caffeic acid: Y = 12738x + 1527.2 (r=0.9999); 
ellagic acid: Y = 13084x + 1256.7 (r=0.9997); chlorogen-
ic acid: Y = 10972x + 1375.4 (r=0.9998); rutin: Y = 11782 
+ 1460.3 (r=0.9997); quercetin: Y = 12895x + 1342.5 
(r=0.9993); quercitrin: Y = 11753x + 1439.6 (r=0.9997); iso-
quercitrin: Y = 10982x + 1242.1 (r=0.9996); kaempferol: Y 
= 13940 + 1173.9 (r=0.9989);catechin: Y = 12194x + 1407.9 
(r=0.9995) and epicatechin: Y = 14176x + 1305.4 (r=0.9991). 
All chromatography operations were carried out at ambient 
temperature and in triplicate. The limit of detection (LOD) 
and limit of quantification (LOQ) were calculated based on 
the standard deviation of the responses and the slope using 
three independent analytical curves, as defined (28) LOD 
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and LOQ were calculated as 3.3 and 10 σ/S, respectively, 
where σ is the standard deviation of the response and S is 
the slope of the calibration curve.

Determination of IC50
In order to determine the IC50 (the concentration of 

extracts required to inhibit 50% of the enzyme activity) 
values, the percentage of enzyme inhibition of the garden 
egg extracts was plotted against the extracts at various 
concentrations for α-amylase, α-glucosidase and angioten-
sin-1- converting enzyme. DPPH free radical Scavenging 
ability inhibition was also determine. The IC50 was then 
calculated using linear regression.

Data analysis
The results of the three replicate experiments were 

pooled and expressed as mean ± standard deviation (SD). 
Analysis of variance and the least significant difference 
test were carried out Significance was accepted (P≤0.05) 
(29), followed by multiply comparison test (Tukey test) 
different letters differ by (p<0.01) for HPLC DAD charac-
terizations of the phenolics.

RESULTS

Total phenolic content reported as gallic acid equiva-
lent of the garden egg varied between 2.70 mg GAE/gram-
3.76 mg GAE/gram while the total flavonoid contents 
ranged from 1.22-1.60 mg QE/ gram (Table 1). Vitamin 
C content ranged from 4.01-6.52mg/ml as shown from the 
studies (Table 1). The ferric reducing antioxidant capacity 
(FRAP) of the extract reported as ascorbic acid equiva-
lents is a measure of the ability of the phenolic extracts 
to reduce Fe(III) to Fe(II) a measure of their antioxidant 

properties. However, all the extracts showed good fer-
ric reducing antioxidant property 5.72 mg/g - 6.89 mg/g 
(Table 1). All the studied species showed appreciable free 
radical scavenging activities in a dose-dependent manner 
in the range of (3.23-4.20 mg/ml) Figure 1 and Table 1 
from the IC50 values (concentration of extract causing 50% 
inhibitory activity) of the extract.The lower the value the 
higher the inhibitory activities. 

The results from Table 2, as indicated from the IC50 
revealed strong inhibition of α-glucosidase (1.02-1.12 mg/
ml),mild inhibition of α-amylase (1.67-3.23mg/ml) en-
zymes linked to diabetes..The lower the value the higher 
the inhibitory activities.However, there was strong inhibi-
tion of angiotensin - 1- Converting enzyme (ACE) enzyme 
activity linked to hypertension of all the garden egg spe-
cies extract in a dose-dependent manner as shown [106-

Table 1. Total phenol, Total flavonoid, Vitamin C content, Reducing power and 
IC50 DPPH of the aqueous extracts of Solanum aethiopicum Species

SAMPLES Total Phenols 
(mgGAE/g)

Totals Flavonoids 
(mgQE/g)

Vitamin C 
(mg/ml)

Reducing Power 
(mg/g)

EC50of DPPH 
(mg/ml)

GSB 3.76 ± 0.11a 1.50 ± 0.17a 5.82 ± 0.15b 6.89 ± 0.12a 3.23 ± 0.06a

WSB 3.76 ± 0.11a 1.72 ± 0.09a 6.52 ± 0.11a 5.98 ± 0.11b 3.62 ± 0.23a

PGR 3.44 ± 0.21a 1.22 ± 0.25a 5.82 ± 0.15b 5.79 ± 0.04b 3.80 ± 0.31a

TWS 2.70 ± 0.07b 1.60 ± 0.17a 4.01 ± 0.15b 5.90 ± 0.43b 4.18 ± 0.10b

PW 2.83 ± 0.19b 1.22 ± 0.25a 5.55 ± 0.41b 5.72 ± 0.35b 4.20 ± 0.14b

Solanum gilo (PW), Solanum torvum (TWS), Solanum kumba (PGR), Solanum incanum (GSB), and Solanum indicum (WSB). Data repre-
sent means of triplicate determinations. Values with the same letter along the same column are not significantly different (P<0.05).
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Figure 1. Free radical scavenging ability of the aqueous extract 
of Garden egg species. Key: Solanum gilo (PW), Solanum tor-
vum (TWS), Solanum kumba (PGR), Solanum incanum (GSB), 
and Solanum indicum (WSB). Values represent means ± stan-
dard deviation of triplicate readings.
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138 µg/ml] in which TWS showed the highest inhibition 
of ACE (Figure 2, 3 and 4).

Chromatograhic fingerprinting of the extracts using 
reverse - phase HPLC-DAD is presented in Table 3 and 
Figure 5, 6 and 7. The samples revealed the presence of 
some phenolic acids and flavonoids and their derivatives. 
Amongst these phenolic constituents gallic acid, rutin, 
quercetrin, isoquercetrin kaempferol, catechin, epicate-
chin, were present as the major phenolic compounds while 
ellagic acid, caffeic and chlorogenic acid were identified 
and quantified through their retention times [10 min – 
60 min] for the 1st peak to the 10th peak and UV spectra.
The quantification ranking also revealed that TWS had 
the highest gallic acid, caffeic acid, epicatechin, rutin, 
isoquercitrin followed by PGR,GSB and PW has all the 
analysed phenols except isoquercitrin while WSB has no 
ellagic acid, quercitrin, kaempferol this results gotten cor-
respond with its anti-hypentensive ability. 

Table 2. IC50 of enzymes inhibitory activities

SAMPLES α-amylase (mg/ml) α-glucosidase (mg/ml) Angiotensin-1- Converting enzyme (ACE) (µg/ml)

GSB 1.67 ± 0.01a 1.02 ± 0.02b 138 ± 0.02b

WSB 2.28 ± 0.04b 1.03 ± 0.01b 123 ± 0.02b

PGR 1.80 ± 0.12a 1.03 ± 0.01b 117 ± 0.01a

TWS 1.92 ± 0.21a 1.04 ± 0.01b 106 ± 0.01a

PW 3.23 ± 0.12b 1.12 ± 0.01a 117 ± 0.01a

Solanum gilo (PW), Solanum torvum (TWS), Solanum kumba (PGR), Solanum incanum (GSB), and Solanum indicum (WSB).Data represent 
means of triplicate determinations. Values with the same letter along the same column are not significantly different (P<0.05).
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Figure 2. α-Amylase inhibitory activity of aqueous extract of 
Garden egg species. Key: Solanum gilo (PW), Solanum torvum 
(TWS), Solanum kumba (PGR), Solanum incanum (GSB), and 
Solanum indicum (WSB). Values represent means ± standard 
deviation of triplicate readings.
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Figure 3. α-Glucosidase inhibitory activity of aqueous extract 
of Garden egg species. Key: Solanum gilo (PW), Solanum tor-
vum (TWS), Solanum kumba (PGR), Solanum incanum (GSB), 
and Solanum indicum (WSB). Values represent means ± stan-
dard deviation of triplicate readings.

100 GSB

CONCENTRATION OF THE SAMPLE (μg/ml)

WSB PG PW TWS

90
80
70

60
50
40
30
20
10

0
0 0.05

A
C

E
 IN

H
IB

IT
IO

N
 (%

)

0.1 0.15 0.2 0.25

Figure 4. Angiotensin-1-converting enzyme (ACE) inhibitory 
activity of the aqueous extract of garden egg. Key: Solanum gilo 
(PW), Solanum torvum (TWS), Solanum kumba (PGR), Solanum 
incanum (GSB), and Solanum indicum (WSB). Values represent 
means ± standard deviation of triplicate readings.
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Figure 5. Representative high performance liquid chromatography profile of PGR and GSB Gallic acid (peak 1), catechin (peak 2), 
chlorogenic acid (peak 3), caffeic acid (peak 4), ellagic acid (peak 5), epicatechin (peak 6), rutin (peak 7), quercitrin (peak 8), quercetin 
(peak 9) and kaempferol (peak 10).

Figure 6. Representative high performance liquid chromatography profile of TWS and WSB extract. Gallic acid (peak 1), catechin (peak2), 
chlorogenic acid (peak 3), caffeic acid (peak 4), epicatechin (peak 5), rutin (peak 6), isoquercitrin (peak 7) and quercetin (peak 8).
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Table 3. Phenolic composition of garden egg species using HPLC-DAD analysis

Samples PGR GSB TWS WSB PW

Compounds mg/g mg/g mg/g mg/g mg/g

Gallic acid 17.36 ± 0.02a 6.28 ± 0.01a 50.34 ± 0.01a 34.90 ± 0.01a 2.73 ± 0.01a

Catechin 4.25 ± 0.01b 6.13 ± 0.02a 12.67 ± 0.02b 4.17 ± 0.03b 5.39 ± 0.01b

Chlorogenic acid 30.81 ± 0.01c 18.65 ± 0.01b 20.71 ± 0.01c 10.63 ± 0.01c 20.67 ± 0.03c

Caffeic acid 19.76 ± 0.03d 23.79 ± 0.02c 39.46 ± 0.03d 27.21 ± 0.03d 2.15 ± 0.01d

Ellagic acid 25.13 ± 0.03e 13.26 ± 0.01d ND ND 2.93 ± 0.02a

Epicatechin 6.32 ± 0.01f 2.51 ± 0.02e 14.53 ± 0.02b 8.54 ± 0.02c 3.12 ± 0.03a

Rutin 16.89 ± 0.03a 12.38 ± 0.02d 22.18 ± 0.01c 21.78 ± 0.03e 4.98 ± 0.01b

Quercitrin 12.45 ± 0.01g 6.45 ± 0.02a ND ND 6.17 ± 0.03b

Quercetin 26.47 ± 0.02e 27.05 ± 0.03f 14.92 ± 0.03b 9.15 ± 0.03c 12.58 ± 0.01e

Kaempferol 7.08 ± 0.03f 12.68 ± 0.01d ND ND 10.92 ± 0.03f

Isoquercitrin ND ND 28.36 ± 0.01e 23.41 ± 0.01e ND

Results are expressed as mean ± standard deviations (SD) of three determinations. Averages followed by different letters differ by Tukey 
test at p<0.01. ND, NOT DETECTED.
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DISCUSSION

The positive health effects of phenolic phytochemi-
cals are linked to their ability to counter the negative ef-
fects of reactive oxygen species generated during cellular 
energy metabolism (30). Flavonoids are also known as a 
class of widely distributed phytochemicals with antioxi-
dant activities (31). Solanum aethiopicum species are rich 
sources of phenolic phytochemicals which is in agree-
ment with the studies done by (32). Ascorbic acid is a 
good reducing agent and exhibits its antioxidant activi-
ties by electron donation (33). Moreso, it is widely dis-
tributed in plant cells where it plays many crucial roles in 
growth and metabolism. As a potent antioxidant, ascorbic 
acid has the capacity to eliminate several different reac-
tive oxygen species, keeps the membrane-bound antioxi-
dant α-tocopherol in the reduced state, acts as a cofactor 
maintaining the activity of a number of enzymes (34). 
Solanum indicum had the highest ranking for vitamic C 
content among the species tested in this study. The abili-
ty of the extracts to reduce Fe (III) to Fe (II), is a measure 
of their antioxidant properties and this could be liked to 
their phenolic. The link between free radical formation 
and the development and complications of diabetes has 
been established (35，36). Phenolics and flavonoids have 
been shown to be effective in preventing diabetes in ani-
mal models (35). The radical scavenging ability of the 
garden egg and its ferric reducing antioxidant property 
agrees with previous findings by (37).

The current therapeutic approach to the management 
if diabetes and its related complications is the inhibition 

of starch metabolizing enzymes such as α-amylase and 
α-glucosidase activities as this will control the catabolism 
of starch into glucose and there will moderation of blood 
glucose level (38). This present study on Solanum aethi-
opicum garden egg extracts showed a concentration de-
pendent inhibition of α-amylase and α-glucosidase activi-
ties. Furthermore, the IC50 values revealed that the extracts 
showed a stronger inhibition of α-glucosidase activity than 
α-amylase activity and this is therapeutically important in 
preventing some of the side effects associated with the use 
of synthetic drugs on diabetes enzymes (39). However, 
Solanum incacum had the strongest inhibition while So-
lanum gilo had the least inhibition of the enzymes’ ac-
tivities. Inhibition of angiotensin -1- converting enzymes 
(ACE) activity is currently use in the management of hy-
pertension which is the one of the complications associ-
ated with type-2-diabetes (40). The garden egg extracts 
inhibited ACE activity in-vitro in a concentration–depen-
dent manner. The results from the enzymes inhibition fol-
lowed the trend of the phenolics distribution among the 
species. However, it was discovered that Solanum torvum 
which had the least phenolic and vitamin C contents, and 
antioxidant activities but exhibited better ACE inhibition 
followed by Solanum Kumba. Gallic acid, catechin, chlo-
rogenic acid, caffeic acid, epicatechin, quercetinare the 
phenolics compound that were identified in all the spe-
cies while there was variations with the present of ellagic 
acid, kaemferol, isoquercitrin, quercitin. Epidemiological 
studies have found that a positive association between the 
consumption of foods containing these phenolics and a 
reduced risk of developing several disorders such as car-
diovascular diseases, antidiabetic antimicrobial, inflam-
matory, neurogenicals activities etc. (41-43). This may be 
as a result of the individual or synergistic activities of its 
phenols and flavonoids as reported by (44) on different Ira-
nian Allium species. The results of this study show that 
phenolics-rich extracts from these S. aethiopicum species 
could be exploited for potential use in pharmaceutical for-
mulations for preventive medicine in the management of 
type-2 diabetes and hypertension.

CONCLUSION

Our studies strongly suggest that Solanum aeithiopi-
cum garden eggs can be promising sources of potential nu-
traceuticals/functional food. The differences in the pheno-
lics/flavonoids content could explain the differences in the 
observed bioactivities based on the HPLC-DAD analysis, 
however, in-vivo studies is recommended. 
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Figure 7. Representative high performance liquid chromatog-
raphy profile of PW. Gallic acid (peak 1), catechin (peak 2), 
chlorogenic acid (peak 3), caffeic acid (peak 4), ellagic acid 
(peak 5), epicatechin (peak 6), rutin (peak 7), quercitrin (peak 
8), quercetin (peak 9) and kaempferol (peak 10).



Antidiabetic and Antihypertensive  potentials of Solanum aethiopicum

December  2014    Vol. 10  No. 4    Int  J  Biomed  Sci    www.ijbs.org 280

CONFLICT OF INTEREST

The authors declared no conflict of interest

REFERENCES

1. Goldberg IJ. Diabetic dyslipidemia: causes and consequences. J. Clin. 
Endocrinol. Metab. 2001; 86: 965-971.

2. Kwon YI, Apostolidis E, Sheffy K. In vitro Studies of Eggplant. Biores 
Techn. 2008; 99: 2981-2988.

3. Shim YJ, Doo HK, Ahn SY, et al. Inhibitory effect of aqueous extract 
from the gall of Rhuz chinensis on alpha-glucosidase activity and 
postprandial blood glucose. J. Ethnopharma. 2003; 85: 283-287.

4. Kim YM, Jeong K, Wang MH, et al. Inhibitory effect of pine extract 
on α-glucosidase activity and postprandial hyperglycemia. Nut. 2005; 
21: 756-761.

5. Chakrabarti R, Rajagopalan R. Diabetes and insulin resistance 
associated disorders: Disease and the therapy. Curr. Sci. 2002; 83: 
1533-1538.

6. Skegg LT, Khan JR. The preparation and function of the hypertension-
Converting enzyme. J. Exp. Med. 1957; 103: 295-299.

7. Dzau VJ. Circulating versus local renin-angiotensin system in 
cardiovascular homeostasis. Circu. 1988; 77: 4 -13.

8. Villar A, Paya M, Terencio MC. Plants with antihypertensive action. 
Fitoterapia. 1986; 57: 131-145.

9. Omonkhua AA, Onoagbe IO. Evaluation of the long-term effects of 
Urena lobata root extracts on blood glucose and hepatic function of 
normal rabbits. J. Toxicol Environ Healt Sci. 2011; 3: 204-213.

10. Nwanna EE, Ibukun EO, Oboh G. Nutritional contents and antioxidant 
activities of african garden egg (Solanum aethiopium) cultivars. Adv. 
Food Sci. 2013; 35: 1.

11. Nagaoka G, Watanabe A, Sakata Y, et al. Sesquiterpenoids in root 
exudates of Solanum aethiopicum Naturforsh. 2001; 56 (9-10): 707-
713.

12. Anosike C, Abonyi O, Ubaka C. Does the African garden egg offer 
protection against experimentally induced ulcer. As. Pac. J. Trop. Med. 
2011; 4 (2): 163-166. 

13. Gruere A, Giyliani A, Smale M. Marketing underutilised plant species 
for the benefits of the poor:a conceptual framework. Washington DC: 
International food policy research institute. 2006.

14. American Diabetes Association, Diagnosis and classification of 
diabetes mellitus. Diabetes Care. 2009; 32: S62–S67.

15. Centres for Disease Control and Prevention (CDC): National Diabetes 
fact sheet National estimates and general information on diabetes in 
the United States Atlanta G.N HHS. 1998.

16. Kwon YI, Apostolidis E Sheffy K. In-vitro studies of eggplant. Biores. 
Tech. 2008; 99: 2981-2988.

17. Nwanna EE, Ibukun EO, Oboh G. Antioxidative properties and 
inhibition of some pro-oxidant induced lipid peroxidation by aqueous 
extract of two species of eggplants Solanum macrocarpon and 
Solanum melongena. J. Nut. Met. 2013; 5 (5): 88-97. 

18. Oboh O, Akinyemi AJ, Ademiluyi AO, et al. Inhibitory effect of 
aqueous extracts of two species of ginger on some key enzymes linked 
to type 2-diabetes In-vitro. J. Food Nutri. Res. 2010; 49 (1): 14-20.

19. Singleton VL, Orthofer R, Lamuela-Raventos RM. Analysis of total 
phenols and other oxidation substrates and antioxidants by means of 
Folin-Ciocalteu reagents. Meth. Enzymol. 1999; 299: 152-178.

20. Meda A, Lamien CE, Romito M, et al. Determination of the total 
phenolic, flavonoid and proline contents in Burkina Fasan honey, as 
well as their radical scavenging activity. Food Chem. 2005; 91: 571-

577.
21. Benderitter M, Maupoil V, Vergely C, et al. Studies by electron 

paramagnetic resonance of the importance of iron in hydroxyl 
scavenging properties of ascorbic acid in plasma: Effects of Iron 
Chelators. Funda Clin. Pharm. 1998; 12: 510-516.

22. Oyaizu M. Studies on products of browning reaction: antioxidative 
activity of products of browning reaction prepared from glucosamine. 
J. Nut. 1986; 44: 307-315.

23. Gyamfi MA, Yonamine M, Aniya Y. Free radical scavenging 
action of medicinal herbs from Ghana: Thonningia sanguinea on 
experimentally-induced liver injuries. Gen. Pharma. 1999; 32: 661-
667.

24. Worthington V. Alpha amylase. In: Worthington Enzyme Manual. 
Freehold, NJ: Worthington Biochemical Corp. 1993; p36-41.

25. Apostolidis E, Kwon YI, Shetty K. Inhibitory potential of herb, fruit, 
and fungal-enriched cheese against key enzymes linked to type 2 
diabetes and hypertension. Innovative Food Sci. Emerg. Techn. 2007; 
8: 46-54. 

26. Cushman DW, Scheung H. Spectrophotometric assay and properties 
of the Angiotensin I-converting enzyme of rabbit lung. Biochem. 
Pharma. 1981; 20: 1637-1648.

27. Amaral GP, Carvalho NR, Barcelos RP, et al. Protective action of etha-
nolic extract of Rosmarinus officinalis L.in gastric ulcer prevention 
induced by ethanol in rats. Food Chem. Toxi. 2013; 55: 48-55.

28. Sabir SM, Ahmad SD, Hamid A, et al. Antioxidant and hepatopro-
tective activity of ethanolic extract of leaves of Solidago microglossa 
containing polyphenolic compounds. Food Chem. 2012; p741-747.

29. Zar JH. Biostatistical Analysis. New Jersey: Prentice-Hall. ISBN 
1984. 0-13-081542-X 620.

30. Urquiaga I, Leighton F. Plant polyphenol antioxidants and oxidative 
stress. Bio. Res. 2000; 33: 55-64.

31. Sies H. Biochemistry of oxidative stress. Angewandte Chemie Inter. 
1986; 25: 1058-1071.

32. Rawat S, Jugran A, Giri L, et al. Assessment of Antioxidant Properties 
in Fruits of Myrica esculenta: A Popular Wild Edible Species in Indian 
Himalayan Region. Evidence-Based Comp. Altern Med. 2011; p512-
787. 

33. Oboh G. Effect of blanching on the antioxidant property of some 
tropical green leafy vegetables. Lebensm.Wiss. Techn. 2005; 38: 513-
517.

34. Arrigoni O, De Tullio MC. Ascorbic acid: much more than just an 
antioxidant. Biochimica et Biophysica Acta. 2002; 1569: 1-9.

35. Oberley LW. Free radicals and diabetes. Free Radical Bio. Med. 1988; 
5 (2): 113-124.

36. Wolff SP. Diabetes mellitus and free radicals. The British Medical 
Bulletin. 1993; 49 (3): 642-652.

37. Baynes JW. Role of oxidative stress in development of complications in 
diabetes. Diabetes. 1991; 40 (4): 405-412.

38. Rao SVC, Sareddy G. Reddy, Phanithi P, et al. The antioxidant and 
antiproliferative activities of methanolic extracts from Njavara rice 
bran. BMC Complementary and Alternative Medicine. 2010; 10: 4.

39. Kwon YI, Apostolidis E, Sheffy K. Health benefits of traditional 
corn, beans and pumpkin: In vitro studies for hyperglycemia and 
hypertension management. J. Med. Food. 2007; 10: 266-275.

40. Rao AP, Jamil K. Pharmacological evaluation of herbal extracts 
for their in vitro hypoglycemic activity. Int. J. of Pharma. and Bio. 
Sciences. 2011; 2 (3): 15-21.

41. Calderon-Montano JM, Burgos-Moron E, Perz-Guerrero C, et al. A 
review on the dietary flavonoid kaempferol . Mini-Reviews in Med. 
Chem. 2011; 11: 298-344.

42. Adefegha SA, Oboh G, Adefegha O, et al. Antihyperglycemic 
hypolidemic hepatoprotective and antioxidant effects of dietary clove 



Antidiabetic and Antihypertensive  potentials of Solanum aethiopicum

www.ijbs.org    Int  J  Biomed  Sci    vol. 10  no. 4    December  2014 281

(Szyzgium aromaticum) bud powder in a high-fat diet streptozotocin 
induced diabetes rat model. J. Sci. Food Agric. 2014; Doi10.1002/6617.

43. Oboh G, Bakere OO, Ademosun AO, et al. Inhibition of cholinesterases 
and some pro-oxidant induced oxidative stress in rats brain by two 

tomato (Lycopersicon esculentum) varieties. Int. J. Biomed. Sci. 2013; 
p100-105.

44. Nickavar B, Yousefian N. Inhibitory effects of six Allium species on 
α-amylase enzyme activity. Iranian J. Pharmac. Res. 2009; 8: 53-57.


