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INTRODUCTION

Obesity, especially visceral obesity, is the most important 
risk factor for the development of hypertension and other 
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ABSTRACT
Aim: To evaluate the phenolics composition and inhibitory effect of the leaves extracts of Ocimum basilicum 
and Ocimum gratissimum on two key enzymes (pancreatic lipase [PL] and angiotensin 1-converting enzyme 
[ACE]) involved in obesity and hypertension in vitro. Materials and Methods: The phenolics (flavonoids 
and phenolic acids) were quantified using high-performance liquid chromatography coupled with diode array 
detection. PL and ACE inhibitory effects; DPPH* and ABTS*+ scavenging activities of the extracts were tested 
using spectrophotometric methods. Results: O. basilicum had the following major phenolics: Rutin, quercetin, 
and quercitrin (flavonoids); caffeic, chlorogenic, and gallic acids (phenolic acids); while O. gratissimum had the 
following major phenolics: Rutin, quercitrin, and luteolin (flavonoids); ellagic and chlorogenic acids (phenolic 
acids). “Extracts of both plants inhibited PL and ACE; scavenged DPPH* in a dose-dependent manner”. 
O. gratissimum extract was more potent in inhibiting PL (IC50: 20.69 μg/mL) and ACE (IC50: 29.44 μg/mL) than 
O. basilicum (IC50: 52.14 μg/mL and IC50: 64.99 μg/mL, against PL and ACE, respectively). O. gratissimum also 
scavenged DPPH* and ABTS*+ more than O. basilicum. Conclusion: O. basilicum and O. gratissimum leaves 
could be used as functional foods for the management of obesity and obesity-related hypertension. However, 
O. gratissimum may be more effective than O. basilicum.
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cardiovascular diseases [1]. Population-based risk estimates 
studies have indicated that no less than two-thirds of the 
prevalence of hypertension can be directly attributed to 
obesity [2]. Obesity and obesity-related hypertension have 
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become a global public health burden; their incidence being 
comparable with those of diabetes mellitus and chronic kidney 
diseases [3].

The pancreatic lipase (PL) (EC: 3.1.1.3) plays a pivotal role 
in the effective digestion of lipids, as it is responsible for the 
hydrolysis of the bulk (50-70%) of total dietary fats [4]. It is the 
key enzyme that hydrolyzes triglyceride to produce glycerol and 
fatty acids, thereby facilitating its uptake [5]. Thus, it is widely 
used as an index to evaluate the potential efficacy of natural 
products as anti-obesity agents [6]. Due to the vital catalytic 
function of PL, orlistat, currently used clinically for obesity 
management, has been designed to inhibit PL activity; thereby 
reducing the absorption of triglyceride. However, this drug 
like other PL inhibitors has some hepatic and gastrointestinal 
adverse effects [7,8].

The activation of the rennin-angiotensin system (RAS) has 
been reported as one of the possible mechanisms through which 
obesity could lead to hypertension and higher cardiovascular 
risk [3]. In fact, experimental evidence has shown that 
the RAS is activated in obesity; its involvement in the 
pathophysiology of obesity-related hypertension has also been 
reported [9]. In the RAS, angiotensin 1-converting enzyme 
(ACE) (EC: 3.4.15.1) plays a key role in the regulation of blood 
pressure and normal cardiovascular function. It catalyzes the 
conversion of angiotensin I to angiotensin II, which is known 
to increase the blood pressure. Hence, inhibition of ACE is 
an important strategy for the treatment and management of 
obesity-related hypertension [10,11]. Chemically synthesized 
ACE inhibitors including captopril, ramipril, enalapril and 
fosinopril, comprise a class of drugs frequently used clinically 
for the treatment of hypertension [12]. However, as with the 
PL inhibitors, these drugs have been reported to have some 
adverse effects such as cough, skin rashes, hypotension, and 
proteinuria [13,14].

Against the backdrop of the side effects associated with the 
synthetic inhibitors of both PL and ACE, research has shown 
that plant-derived inhibitors of these two enzymes have 
some potential for preventing or ameliorating obesity and 
hypertension, without noticeable side effects [15,16]. In this 
regard, plant polyphenolics have been reported by several studies 
to inhibit either one of these two enzymes (PL and ACE) or 
both [4,5,17,18].

The genus, Ocimum (Lamiaceae), comprises 65 aromatic 
species, distributed in tropical and subtropical regions of the 
world including Africa and Asia [19]. Various Ocimum species, 
including Ocimum basilicum and Ocimum gratissimum, have 
important culinary and pharmacological uses. Their culinary 
and pharmacological values are attributed mainly to their 
aromatic compounds [20]. Hence, the leaves are used as a 
fragrance and flavoring agent in a variety of products including 
food, beverages, condiments, and oral care products [21]. 
O. gratissimum leaves extract possesses anti-arthritic [22], 
hypoglycemic [19], anticonvulsant and anxiolytic activities [23]. 
On the other hand, O. basilicum leaves are used as anti-
spasmodic, carminative, galactagogue, and stomachic in folk 

medicine [24]. To further explore the nutraceutical benefits 
of O. basilicum and O. gratissimum, this study evaluated the 
phenolics composition and inhibitory effects of their leaves 
extracts on two key enzymes (PL and ACE) involved in obesity 
and hypertension in vitro.

MATERIALS AND METHODS

Samples Collection and Preparation

About 500 g of fresh leaves samples of each of O. basilicum and 
O. gratissimum were collected from a local farm settlement in 
Akingbile area of Moniya, Ibadan, Nigeria. The samples were 
botanically identified and authenticated at the herbarium 
of the Department of Botany, University of Ibadan, Nigeria. 
Subsequently, they were air-dried for 7 days and later ground 
finely to a particle size of 0.5 mm. The powdery samples were 
used for the extracts preparation.

Chemicals and Reagents

Methanol, formic acid, gallic acid, chlorogenic acid, caffeic 
acid, and ellagic acid were purchased from Merck (Darmstadt, 
Germany). Catechin, epicatechin, quercetin, rutin, apigenin, 
and luteolin; porcine PL, Hippuryl-histidyl-leucine, Rabbit 
lung ACE, DPPH, ABTS, and Trolox were acquired from Sigma 
Chemical Co. (St. Louis, MO, USA). All other chemicals used 
for the analysis were of analytical grade.

Preparation of Polyphenolics Extract

Polyphenolics extracts of O. basilicum and O. gratissimum leaves 
were prepared as described by Kuo et al. [25]. A portion of the 
leaves powder (100 g) was extracted three successive times 
with 300 mL of methanol at 50°C for 3 h, and the samples 
were filtered after each extraction with Whatman (No. 2) filter 
paper. Lipids and some pigments were removed by partitioning 
the extract with 200 mL hexane in a separatory funnel. The 
aqueous phase was extracted three times with 180 mL ethyl 
acetate and evaporated to dryness at 45°C under reduced 
pressure in a rotary evaporator. The residues obtained were 
used for the assays.

Quantification of Flavonoids and Phenolic Acids using 
High Performance Liquid Chromatography Coupled 
with Diode Array Detection (HPLC-DAD)

Extracts of the leaves were injected by means of auto-sampler 
(Shimadzu, model SIL-20A) at a concentration of 15 mg/mL. 
Separations were carried out using phenomenex C18 column 
(4.6 mm × 250 mm × 5 mm particle size). The mobile phase 
comprised solvent A (water:formic acid [98:2, v/v]) and solvent B 
(acetonitrile), at a flow rate of 0.6 mL/min and an injection 
volume of 40 μL. Gradient program was started with 95% of 
A and 5% of B until 2 min and changed to obtain 25%, 40%, 
50%, 70% and 80% B at 10, 20, 30, 50 and 70 min, respectively, 
according to the method described by Boligon et al. [26], with 
slight modifications. The extracts and mobile phase were 
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filtered through a 0.45 μm membrane filter (Millipore) and then 
degassed in ultrasonic bath before use. Standards references 
stock solutions were prepared in the HPLC mobile phase at a 
concentration range of 0.025-0.300 mg/mL. Quantifications of 
the flavonoids and phenolic acids in the extracts were carried out 
by integration of the peaks using the external standard method 
at the following wavelengths: 254 nm for gallic acid and ellagic 
acid; 280 nm for catechin and epicatechin; 325 nm for caffeic 
acid and chlorogenic acid; 366 nm for quercetin, quercitrin, 
kaempferol, luteolin and rutin. The individual chromatography 
peaks were confirmed by comparing their respective retention 
time with those of reference standards and by DAD spectra 
(200-600 nm). Calibration curves used were gallic acid: 
Y = 13581x + 1195.7 (r = 0.9997), catechin: Y = 12609x 
+ 1187.4 (r = 0.9996), epicatechin: Y = 12719x + 1356.9 
(r = 0.9995), caffeic acid: Y = 12750x + 1352.9 (r = 0.9999), 
chlorogenic acid: Y = 11825x + 1383.6 (r = 0.9998), ellagic acid: 
Y = 13192x + 1176.5 (r = 0.9997), quercitrin: Y = 12641x + 
1295.7 (r = 0.9999), kaempferol: Y = 11846x + 1283.9 
(r = 0.9994), rutin: Y = 11792x + 1305.8 (r = 0.9995), luteolin: 
Y = 13894x + 1267.1 (r = 0.9998), and quercetin: Y = 12618x 
+ 1196.3 (r = 0.9996). All chromatography operations were 
carried out at ambient temperature and in triplicate.

The limit of detection (LOD) and limit of quantification (LOQ) 
of flavonoids and phenolic acids were calculated based on the 
standard deviation of the responses and the slope using three 
independent analytical curves, as previously defined by Khaliq 
et al. [27]. LOD 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.

PL Inhibition Assay

The ability of the extracts to inhibit porcine PL was determined 
using the method earlier reported by Eom et al. [28] with a slight 
modification. In this assay, PL hydrolyzes p-nitrophenyl butyrate 
to form p-nitrophenol which is measured spectrophotometrically. 
The enzyme solution was prepared by adding 30 μL (10 units) 
of porcine PL (Sigma, USA) in 10 mM morpholine propane 
sulfonic acid and 1 mM EDTA (pH 6.8) to 850 μL of Tris buffer 
(100 mM Tris-HC1 and 5 mM CaCl2, pH 7.0). Thereafter, 
100 μL of appropriate concentrations (20, 40, 60, 80 μg/mL) 
of the extracts or orlistat (positive control) were mixed with 
880 μL of the enzyme solution and incubated for 10 min at 
37°C. After incubation, 20 μL of the substrate solution (10 mM 
of p-nitrophenyl butyrate in dimethylformamide) was added to 
initiate the hydrolytic reaction, which was allowed to proceed 
for 20 min at 37°C. A reference test (without the extract) was 
included in the assay. The absorbance of the p-nitrophenol 
produced from the hydrolysis of p-nitrophenylbutyrate was 
measured at 405 nm. The inhibition of PL activity by the 
extracts was expressed as % inhibition thus:

% Inhibition = [(A405reference–A405sample)÷A405reference]×100.

Where A405reference is the absorbance of the reference without 
the extract, and A405sample is the absorbance of test containing 
the extract.

ACE Inhibition Assay

ACE inhibition was assayed by a spectrophotometric method 
described by Cushman and Cheung [29]. ACE from rabbit 
lung (EC: 3.4.15.1) and the substrate (Hippuryl-histidyl-leucine 
[Bz-Gly-His-Leu]) were used. In this assay, the Bz-Gly-His-Leu 
is cleaved by ACE to form hippuric acid, which is measured 
spectrophotometrically. A portion (50 μL) of appropriate 
concentrations of the extracts (20, 40, 60, 80 μg/mL) and 
50 μL ACE solution (4 mU/mL) were pre-incubated at 37°C 
for 15 min. After pre-incubation, 150 μL of 8.33 mM of the 
Bz-Gly-His-Leu in 125 mM Tris-HCl buffer (pH8.3) was 
added to the mixture to initiate the enzymatic reaction, and 
this was incubated at 37°C for 30 min. Next, the reaction was 
terminated by adding 250 μL of 1 M HCl. The hippuric acid 
produced by the reaction was extracted with 1.5 mL ethyl 
acetate. Subsequently, the ethyl acetate layer was separated from 
the mixture by centrifugation, and 1 mL of it was transferred to 
a clean test tube and evaporated to dryness in a hot-air oven. 
The resulting residue was redissolved in distilled water and its 
absorbance was measured at 228 nm. A reference test (without 
the extract) and a positive control test (containing 64 nmol/L of 
captopril) were carried out simultaneously with the test extract. 
1 unit (U) of ACE activity is defined as the amount of enzyme 
required to catalyze the formation of 1 μmol of hippuric acid 
from hippuryl-histidyl-leucine per minute at 37°C. The ability of 
the extracts to inhibit ACE activity was expressed as percentage 
inhibition thus:

% Inhibition=[(A228reference–A228sample)÷A228reference]×100.

Where A228reference is the absorbance of the reference without 
the extract, and A228sample is the absorbance of test containing 
the extract.

Determination of DPPH* Scavenging Ability

DPPH* scavenging ability of the extracts was determined as 
described by Cervato et al. [30]. Appropriate dilutions (30, 60, 
90, 120 μg/mL) of the extracts amounting to 1.0 mL were mixed 
with 3.0 mL of DPPH* (60 μM). The test mixture was kept in 
the dark for 30 min, after which the absorbance was measured 
at 517 nm. A reference test containing the DPPH* solution 
without the extract was carried simultaneously. The DPPH* 
percentage scavenging ability of the extract was calculated as 
follows:

% scavenging ability= [(Abs517reference–Abs517sample)÷Abs517
reference]×100

Where Abs517reference is the absorbance of the reference test, and 
Abs517sample is the absorbance of the test containing the extract.

Determination of ABTS*+ Scavenging Ability

ABTS*+ scavenging ability of the extracts was determined 
according to the method described by Re et al. [31]. To generate 
the ABTS*+, an equal volume of 7 mM ABTS*+ aqueous 
solution was incubated with 2.45 mM K2S2O8 for 16 h at room 
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temperature in the dark; then its absorbance (at 734 nm) was 
adjusted to 0.7 ± 0.02 with 95% ethanol. Thereafter, appropriate 
dilution of the extract amounting to 0.2 mL was mixed with 
2.0 mL ABTS*+ solution. The test mixture was kept in the dark 
for 15 min, after which its absorbance was measured at 734 nm. 
The ABTS*+ scavenging ability of the extracts was subsequently 
calculated and expressed in trolox equivalent (TE).

Statistical Analysis

Results of replicate experiments were expressed as mean ± 
standard deviation (SD). T-test for independent samples was 
carried out on the result data at 95% confidence level using 
SPSS statistical software package, version 17. Half-maximal 
inhibitory and scavenging concentrations (IC50 and SC50) were 
calculated from the % inhibition versus extract concentration 
non-linear regression curve of each extract.

RESULTS

The HPLC chromatograms of O. basilicum and O. gratissimum 
[Figure 1a and b] revealed the presence of gallic acid (retention 
time - Rt = 10.19 min; peak 1), chlorogenic acid (Rt = 22.35 min; 
peak 3), caffeic acid (Rt = 26.97 min; peak 4), epicatechin 
(Rt = 37.41 min; peak 6), rutin (Rt = 43.86 min; peak 7), 
quercitrin (Rt = 48.13 min; peak 8), quercetin (Rt = 52.01 min; 
peak 9), and kaempferol (Rt = 57.69 min; peak 10). In addition 
to these, catechin (Rt = 16.07 min; peak 2), ellagic acid 
(Rt = 29.83 min; peak 5), and luteolin (Rt = 64.15 min; peak 
11) were also present in O. gratissimum [Figure 1b].

The quantitative composition of the phenolics (flavonoids 
and phenolic acids) is shown in Table 1. In O. basilicum, the 
flavonoids were in the order of rutin > quercetin > quercitrin 
> epicatechin > kaempferol, whereas the phenolic acids were 
in the order of caffeic acid > chlorogenic acid > gallic acid. 
In O. gratissimum, the flavonoids were in the order of rutin > 
quercitrin > luteolin > epicatechin > kaempferol > quercetin 
> catechin, while the phenolic acids were in the order of ellagic 
acid > chlorogenic acid > gallic acid > caffeic acid. Thus, the 
major flavonoids in O. basilicum were rutin, quercetin, and 
quercitrin; the major phenolic acids were caffeic, chlorogenic 
and gallic acids. But in O. gratissimum rutin, quercitrin 
and luteolin were the major flavonoids, whereas ellagic and 
chlorogenic acids were the major phenolic acids.

The abilities of the O. basilicum and O. gratissimum leaves 
extracts to inhibit porcine PL and ACE were expressed in terms 
of their half-maximal inhibitory concentrations (IC50), and the 
results are presented in Table 2. The IC50 of O. gratissimum 
against PL (20.69 ± 2. 14 μg/mL) was significantly (P < 0.05) 
lower than that of O. basilicum (52.14 ± 3.96 μg/mL). However, 
the IC50 (3.48 ± 0.13 μmol/g) of orlistat, the reference PL 
inhibitor, was lower than those of O. gratissimum and O. 
basilicum. Similarly, the IC50 of O. gratissimum against ACE 
(29.44 ± 3.98 μg/mL) was significantly (P < 0.05) lower 
than that of O. basilicum (64.99 ± 5.04 μg/mL) but that of 
captopril (19.32 ± 2.23 μmol/g), the reference ACE inhibitor, 

Table 1: Flavonoids and phenolics acids composition of 
O. basilicum and O. gratissimum leaves extracts
Phenolic 
compounds (mg/g)

O. basilicum O. gratissimum LOD μg/mL LOQ μg/mL

Gallic acid 2.07±0.03a 0.53±0.01b 0.024 0.079
Catechin ND 0.51±0.02 0.013 0.042
Chlorogenic acid 2.10±0.01a 1.79±0.01b 0.008 0.026
Caffeic acid 2.73±0.01a 0.48±0.03b 0.019 0.061
Ellagic acid ND 3.96±0.02 0.026 0.085
Epicatechin 1.35±0.04a 1.32±0.01a 0.011 0.034
Quercitrin 2.49±0.01a 2.07±0.01b 0.020 0.066
Quercetin 3.18±0.01a 0.54±0.03b 0.027 0.089
Rutin 3.25±0.03a 2.26±0.04b 0.014 0.047
Kaempferol 1.06±0.01a 1.03±0.01a 0.008 0.026
Luteolin ND 2.01±0.02 0.017 0.056

Results are expressed as mean±SD of three determinations. Values 
followed by different superscript letters along the same row differ 
significantly at P<0.05. LOD: Limit of detection, LOQ: Limit of 
quantification, O. basilicum: Ocimum basilicum, O. gratissimum: Ocimum 
gratissimum, SD: Standard deviation

was lower than both. The patterns of PL and ACE inhibition 
by O. basilicum and O. gratissimum were both dose-dependent 

Figure 1: Representative high performance liquid chromatrography 
chromatograms of Ocimum basilicum and Ocimum gratissimum 
extracts; detection ultraviolet was at 325 nm. 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), kaempferol (peak 10), and luteolin 
(peak 11). (a) O. basilicum, (b) O. gratissimum

b

a
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as depicted by their % inhibition versus extract concentration 
curves [Figures 2 and 3] respectively.

The free radical scavenging activities of O. basilicum and 
O. gratissimum leaves extracts, as determined using DPPH* 
and ABTS*+ scavenging assays, are presented in Table 3. 
O. gratissimum had a significantly (P < 0.05) stronger DPPH* 
scavenging ability (SC50: 84.76 ± 1.06 μg/mL) than O. basilicum 
(SC50: 104.72 ± 1.85 μg/mL). However, ascorbic acid, the 
reference antioxidant, had much stronger DPPH* scavenging 
ability (SC50: 7.29 ± 0.34 μg/mL) than both O. gratissimum and 
O. basilicum. However, both leaves extracts scavenged DPPH* 
in a dose-dependent [Figure 4]. Similarly, O. gratissimum had 
a stronger ABTS*+ scavenging ability (1.82 ± 0.02 mmol TE/g) 
than O. basilicum extract (0.52 ± 0.01 mmol TE/g).

DISCUSSION

The various health benefits of medicinal plants are attributed 
to the presence of secondary metabolites such as phenolic acids 
and flavonoids [32]. In this study, therefore, we quantified the 
flavonoids and phenolic acids constituents of O. basilicum and 
O. gratissimum leaves, and evaluated their inhibitory effects 
against PL and ACE, as well as their free radicals scavenging 
abilities in vitro. Flavonoids and phenolic acids are prominent for 
their diverse health benefits including anti-diabetic [33], anti-
hypertensive and antioxidative [34]; hence, they are regarded 
as being pharmacologically important [35]. Interestingly, the 
level of caffeic acid (2.73 mg/g) we quantified in O. basilicum 
in this study is about 40% higher than the 1.65 mg/g reported 
earlier by Harnafi et al. [36].

The inhibition of PL, the most important enzyme in the 
digestion of dietary triglycerides, is one of the possible 

approaches to retard the uptake of fat, and consequently, reduce 
weight and obesity [37]. Polyphenols, including flavonoids and 
phenolic acids, from natural origin are regarded as a major class 
of the PL inhibitors [38,39]. However, flavonoids, especially the 
catechin-types, are presumed to possess more PL inhibitory 
and anti-obesity effect. The presence of galloyl moiety in the 
structural backbone of the polyphenolics plays an important 
role in their ability to inhibit PL. Possibly, the more the galloyl 
moieties, the stronger the PL inhibitory effect, as Nakai et al. [40] 
demonstrated that the PL IC50 values of (−)-epigallocatechin 
3,5-digallate with two galloyl groups, epigallocatechin gallate 

Figure 2: Pancreatic lipase % inhibition - extract concentration curve 
of Ocimum basilicum and Ocimum gratissimum leaves extracts

Figure 3: Angiotensin I-converting enzyme % inhibition - extract 
concentration curve of Ocimum basilicum and Ocimum gratissimum 
leaves extracts

Figure 4: DPPH* % scavenging ability-extract concentration curve of 
Ocimum basilicum and Ocimum gratissimum leaves extracts

Table 3: DPPH* SC50 and ABTS*+ scavenging ability of 
O. basilicum and O. gratissimum leaves extracts
Antioxidant activity O. basilicum O. gratissimum Ascorbic acid

DPPH* SC50 (μg/mL) 104.72±1.85a 84.76±1.06b 7.29±0.34c

ABTS*+ scavenging 
ability (mmol TE/g dw)

0.52±0.01b 1.82±0.02a NA

Results are presented as mean±SD of triplicate determinations. Values 
with different lowercase superscript letter along the same row vary 
significantly at P<0.05. NA: Not applicable, O. basilicum: Ocimum 
basilicum. O. gratissimum: Ocimum gratissimum, SD: Standard 
deviation, PL: Pancreatic lipase, ACE: Angiotensin 1 converting enzyme

Table 2: IC50 of O. basilicum and O. gratissimum leaves extracts 
against PL and ACE activities
Extract PL IC50 ACE IC50

O. basilicum (μg/mL) 52.14±3.96a 64.99±5.04a

O. gratissimum (μg/mL) 20.69±2.14b 29.44±3.98b

Orlistat eq. (μmol/g) 3.48±0.13 NA
Captopril eq. (μmol/g) NA 19.32±2.23

Results are expressed as mean±SD of replicate analysis. Values followed 
by different superscript letters along the same column vary significantly 
at P<0.05. NA: Not applicable, O. basilicum: Ocimum basilicum. 
O. gratissimum: Ocimum gratissimum, SD: Standard deviation, 
PL: Pancreatic lipase, ACE: Angiotensin 1-converting enzyme
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with one galloyl group and (−)-epigallocatechin with no galloyl 
group were 0.098, 0.349 and 20 μM, respectively, in their study 
in which they evaluated the inhibitory activities of 54 tea 
polyphenols against PL. The galloyl moieties may exert their 
inhibitory effect on PL by competing with its substrate for the 
active site, at least, at a substrate concentration below the Km 
value [38]. Therefore, it is possible that the presence of catechin 
in O. gratissimum accounted for its stronger ability to inhibit 
PL than O. basilicum that had no catechin [Table 1].

ACE catalyzes the cleavage of angiotensin I (a decapeptide) 
to angiotensin II (an octapeptide) and inactivates bradykinin, 
a vasodilator and hypotensive peptide [41]. Angiotensin II 
stimulates vasoconstriction, increases sodium and water 
reabsorption, and elevates blood pressure. Consequently, 
the excessive action of ACE leads to hypertension [42]; for 
this reason, inhibition of ACE has emerged as an important 
treatment and management strategy for hypertension [10,11]. 
Plant extracts rich in flavonoids and phenolic acids have been 
shown to inhibit ACE activity by previous studies [18,34]. The 
flavonoids are the largest group of polyphenolic compounds 
found in higher plants [43] and are regarded as an excellent 
source of functional anti-hypertensive products. Guerrero 
et al. [44] observed this in their study in which they evaluated 
the structure-activity relationship of inhibition of ACE activity by 
flavonoids. The combination of sub-structures on the flavonoid 
skeleton, including the catechol group in the B-ring, the double 
bond between C2 and C3 at the C-ring, and the cetone group 
in C4 at the C-ring, increases the ACE inhibitory activity of 
the flavonoids. Similarly, the phenolic acids are effective ACE 
inhibitors. Their ability to inhibit ACE has been attributed to 
the overall contribution of their functional groups, including 
carboxyl and hydroxyl groups; their ability to form charge-
charge interactions with the zinc ion present in the active site 
of ACE, through the oxygen atom of their carboxylate moiety; 
and their interaction with the amino acids residues at the active 
site of ACE, to give a stable complex between the phenolic acid 
molecule and ACE. Thus, the ACE inhibitory activity of phenolic 
acids may be due the effect of this interaction with the zinc 
ion and the subsequent stabilization by other interactions with 
amino acids in the active site [45]. In this study, O. gratissimum 
had stronger ACE inhibitory activity than O. basilicum [Table 2]. 
This may be attributed to the presence of luteolin (flavonoid) 
in O. gratissimum (2.01 mg/g) and ellagic acid (phenolic acid), 
which were not detected in O. basilicum [Table 1]. This is 
supported by the findings of Guerrero et al. [44], who reported 
that luteolin had the highest ACE inhibitory activity, relative to 
other sixteen flavonoids in their study.

Systemic oxidative stress is a common feature of obesity [46], 
and by extension, obesity-related hypertension. Oxidative 
stress arises due to increased generation of free radicals and 
reactive oxygen species (ROS), with attendant reduction in the 
antioxidant defense system, both enzymic and non-enzymic, in 
the obese. Angiotensin II also induces oxidative stress, which 
plays a key role in the development of hypertension [47,48]. 
Free radicals and ROS are notorious for their ability to damage 
both intra- and extra-cellular macromolecules, including the 
DNA, lipids, and protein [49]. However, several previous studies 

have demonstrated that plant extracts rich in flavonoids and 
phenolic acids can scavenge free radicals [18,34]. The efficiency 
of flavonoids and phenolic acids as antioxidant polyphenols is 
attributable to their unique molecular structures. The hydroxyl 
groups of flavonoids, especially at the 3' OH and 4' OH of their 
three-carbon chain, make them potent electrons donors and 
terminators of chain reactions [50,51]; hence their antioxidant 
effect. On the other hand, the antioxidant activity of phenolic 
acids has been attributed to the ability of the phenolic ring in 
their structure to stabilize and delocalize unpaired electrons [52]. 
The ability of the O. basilicum and O. gratissimum leaves 
extracts to scavenge free radicals (DPPH* and ABTS*+) is an 
indication that they could help prevent and/or alleviate oxidative 
stress in obesity and obesity-related hypertension. This may 
complement the overall antihypertensive activity of the extracts, 
as Rodriguez-Rodriguez and Simonsen [53] reported that the 
anti-oxidative effects of ACE inhibitors contributed to their 
therapeutic effects in patients suffering from cardiovascular 
complications.

CONCLUSION

The leaves extracts of O. basilicum and O. gratissimum inhibited 
PL and ACE; and scavenged DPPH* and ABTS*+. These 
bioactivities could be due to the combined effects of the 
flavonoids and phenolic acids present in the leaves. Hence, 
O. basilicum and O. gratissimum leaves could be used as 
functional foods for the management of obesity and obesity-
related hypertension, and preventing the oxidative stress that 
characterizes both disorders. However, O. gratissimum may be 
more effective due to its stronger inhibitory effect on PL and 
ACE.
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