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Abstract
Background and Objective: Leaves of basil plant (Ocimum basilicum) are often used for medicinal purposes because of their bioactive
constituents, yet the antioxidant properties of this plant are not fully studied in the field of diabetes. The present study investigated the
antioxidant property and anti-diabetic effect of two basil cultivars of Ocimum basilicum, ʻItalian Genoveseʼ and ʻThyrsifloraʼ, in a
Streptozotocin (STZ) rat model of diabetes . Materials and Methods: Sixty adult Sprague Dawley rats (n = 10/group) were divided into
6 groups: Three non-diabetic and three diabetic groups that either did not receive any supplementation or were supplemented with the
leaves extract of one or the other cultivar. After 13 weeks of feeding, all rats were sacrificed, pancreatic tissues were homogenized and
used for evaluating oxidative DNA damage and dichlorofluorescein fluorescence (DCF) assay. Blood was collected for the measurements
of glucose and insulin. Results: The STZ caused oxidative stress in the diabetic group as evidenced by an increase in oxidative DNA
damage and also caused DCF production in pancreatic tissues as compared to non-diabetic groups, (p<0.05). The STZ treatment resulted
in hyperglycemia and low serum insulin level in diabetic rats. Supplementation with extracts of ʻItalian Genoveseʼ and ʻThyrsifloraʼ to the
diabetic groups significantly abrogated the STZ-mediated effects (p<0.05). Conclusion: The results indicated that the extracts from the
leaves of the two examined basil cultivars act as potent antioxidants and combat the STZ-mediated diabetogenic effect.
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INTRODUCTION
Diabetes mellitus is a life-threatening disease that affects
millions of people worldwide and its comorbidity with other
diseases is considered a global health problem1. In
experimental animalʼs models, oxidative stress mediates the
pathogenesis of diabetes and hyperglycemia via different
mechanisms including the oxidative damage of pancreatic
cells2. It has been revealed that the development of oxidative
stress is largely associated with low intake of dietary
antioxidants. Hence, the use of natural plants extracts with
antioxidant potential properties could have an added
protective benefit3. Several experimental studies have
investigated the anti-diabetic effect of different basil cultivars;
however, the mechanism elucidating their protective effect in
combating oxidative stress-associated diabetes mellitus was
not well documented4. A variety of basil plant species have a
long history of their use as medicinal herbs due to their
flavonoids and polyphenols content5. Basil leaves were
extensively used to treat diabetes in traditional medicine and
the animal models have previously shown its antidiabetic
effects, but without specifying its antioxidant effect on
hyperglycemia and insulin secretion6. The findings from a
randomized placebo-controlled trial of basil leaves have
suggested that basil leaves might be prescribed as adjunct to
dietary therapy and drug treatment in patients with mild to
moderate non-insulin-dependent diabetes mellitus 7 .
Numerous laboratory studies have shown the efficacy of
Streptozotocin (STZ) drug in inducing diabetes like condition
in rodents. The STZ is an oxidizing insult that selectively
induces oxidative stress in pancreatic cells with a consequent
hyperglycaemia2,8. The present study was carried out to
investigate the profound antioxidant property and antidiabetic effect of two basil cultivars of Ocimum basilicum
(O. basilicum) ʻItalian Genoveseʼ and ʻThyrsifloraʼ, in a rat
model of diabetes.

Sultan Qaboos University and Oman Botanic Garden. The first
is consistently imported to the local food chain outlets and
thus was obtained from a supermarket. The second was
obtained from a plant nursery and is wildly grown as an
ornamental plant in houses where it flourishes and commonly
known to be a local basil plant. Both cultivars were obtained
at end of June, 2018 (40-45 days old with a heigh range of
20-26 cm). The plant height was measured from the base (top
of the soil) to the heights point of the stem. Leaves from each
plant were manually separated from the stems, frozen at -40EC
for 12 h and then freeze dried for 4 days at 22EC using 200 Pa
(Edwards Freeze Drier, UK). The dried basil leaves were ground
to powder by an electric grinder (Moulinex AR1043-UK0) and
the powder (300 g) was infused for 30 min in 200 mL of
distilled water at 100EC followed by filtration. The solution
obtained was concentrated (50 g powders per 300 g of fresh
basil leaves) in a rotary evaporator under a vacuum at 65EC.
The resulting crude extract (50 g dry solids) was suspended in
100 mL sterile distilled water and stored at -20EC till use for
subsequent experiments.
Total polyphenols and flavonoids contents of basil leave
extracts: Total polyphenols content of the two basil leaves
extracts were determined according to the Folin‒Ciocalteu
method as previously reported and was expressed as mg
Gallic Acid Equivalents per 100 g dry solids9. Flavonoids
content was determined as follows: 4 mL distilled water was
added to 1 mL of each basil leaves extract. Then, 5% NaNO2
(0.3 mL) was added followed by addition of 10% AlCl3 (0.3 mL).
The mixtures were incubated at ambient temperature for
5 min and then 2 mL of NaOH (1 N) was added. Immediately,
the mixture volume was topped to 10 mL with distilled water.
The mixture was thoroughly vortexed and the absorbance of
the pink color was determined at 510 nm. A standard curve
was developed by using Catechin as standard. The results
were expressed as mg Catechin Equivalents per 100 g dry
solids10.

MATERIALS AND METHODS
Evaluation of the free radical scavenging capacity of basil
Study area: The study was carried out at the Small Animal

leaves extracts: The capacity of each one of the two basil

House and the Department of Food Science and Nutrition,
College of Agricultural and Marine Sciences, Sultan Qaboos
University, Oman, from January-December, 2019.

leaves extract to scavenge 1,1-diphenyl-2-picrylhydrazyl
(DPPH) free radical was performed by a spectrophotometric
methodology as previously described11. Briefly, 0.5 mL aliquots
of basil leave extracts at different concentrations (10-300 mM)
were mixed with stable DPPH radical in methanolic solution
(0.3 mL of DPPH radical solution 0.5 mM in 3 mL ethanol).
When DPPH reacts with an antioxidant compound, which can
donate hydrogen, it is reduced. The changes in color (from

Preparation of basil leaves aqueous extract: Two basil
cultivars of O. basilicum ʻItalian Genoveseʼ and ʻThyrsifloraʼ
were purchased from the local market at Muscat city,
Sultanate of Oman and identified by two expert botanists at
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deep violet to light yellow) were read [Absorbance (Abs)] at
517 nm after 30 min of reaction using a UV-Vis
spectrophotometer (DU 800, Beckman Coulter, Fullerton, CA,
USA). Controls contained all the reaction reagents except basil
leaves extracts or 2,6-di-tert-butyl-4-hydroxytoluene (BHT) and
the positive control. The free radical scavenging capacity of
different samples were expressed as DPPH inhibition (%), a
higher free radical scavenging activity (%) value indicates a
higher antioxidant activity and it was calculated as follows 8:

DPPH inhibition (%) =

Absorbance of control-Absorbance of sample
 100
Absorbance of control

72 h of the STZ injection, the blood glucose levels were
measured in all rats using a portable glucose meter (LifeScan
Inc., Milpitas, CA, USA). Briefly, the distal part of the tail was
gently snipped, the first blood drop was discarded and the
second was absorbed by a test strip inserted in the glucose
meter. The glucose level for the non-diabetic rats was
<5 mmol LG1, meanwhile the rats with fasting blood glucose
levels higher than 5 mmol LG1 were selected for the diabetic
groups. Once the study groups were confirmed (diabetic vs.
non-diabetics), blood glucose was measured twice a week in
all rats throughout the 13 week feeding trial. The blood
glucose measurements were always conducted around 8 AM.

Experimental animals design: Sixty male adult Sprague-

Animal sacrifice, serum separation and tissue

Dawley rats (200±5 g) were randomly divided into 6 groups
(n = 10), three groups as control (non-diabetic) and three as
diabetic groups: Non-diabetic rats; non-diabetic rats that
received oral extract of ʻItalian Genoveseʼ non-diabetic rats
that received oral extract of ʻThyrsifloraʼ, STZ-induced diabetic
rats, diabetic rats that received oral extract of ʻItalian
Genoveseʼ, diabetic rats that received oral extract of
ʻThyrsifloraʼ. All rats were housed in individual polypropylene
cages provided with both, a standard laboratory chow diet
(from Oman Mills, Muscat, Oman) and normal tap water
ad libitum, under standard conditions of temperature
(22±2EC), humidity (60%) and 12 h light:dark cycle. This study
was conducted under the approval of the Animal Ethics
Committee of Sultan Qaboos University (SQU) in accordance
to International Laws and Policies (EEC Council directives
86/609, OJL 358, 1 December, 12, 1987; NIH Guide for the Care
and Use of Laboratory Animals, NIH Publication No. 85-23,
1985).
The aqueous extracts of the two cultivars of O. basilicum
ʻItalian Genoveseʼ and ʻThyrsifloraʼ were administrated to the
pertinent rats through oral gavage at a dose of 0.5 mg dry
solids extract/1 mL water/day. The extracts were given on a
daily basis at similar timing, early morning, throughout the
13 weeks of the study period. The used effective dose for the
two basil cultivars was based on preliminary screening
experiments conducted at the Food Science and Nutrition
Department, College of Agricultural and Marine Sciences, SQU.

homogenates: At the end of the 13 weeks treatment, all rats

Diabetes induction and blood glucose levels: Diabetes
mellitus was induced in the diabetic groups by a single
intraperitoneal injection
of freshly prepared STZ
(Sigma-Aldrich Co., St. Louis, MO, USA) at a dose of 50 mg kgG1
b.wt., dissolved in 0.01 M citrate buffer, pH 4.5 as previously
reported2,8. The non-diabetic rats received a single
intraperitoneal injection of 0.1 M citrate buffer solution. After

were anesthetized with a lethal dose of a cocktail containing
ketamine (1 mg), xylazine (5 mg) and acepromazine (0.2 mg).
Blood was collected from the heart and the serum was
separated by centrifugation and used later for biochemical
measurements of glucose by using an automated clinical
chemistry analyzer (Olympus AU400 analyzer, Tokyo,
Japan) and insulin which was measured by the enzyme linked
immunosorbent assay (ELISA) based technique (RAB0327 1KT,
Sigma). The pancreas tissue of each rat (~50 mg) was
immediately homogenized in 5 mL of 100 mM potassium
phosphate buffer (pH 7.2) in a glass Teflon homogenizer with
an ice cold jacket and centrifuged at 10,000×g at 4EC for
60 min. The homogenate was then used for determining the
levels of protein content, free radical production and DNA
oxidative damage.
Analysis of protein content: The Lowryʼs method was used in
measuring the protein content of pancreas tissue
homogenates and the protein content was expressed as
mg mLG1 of sample12.
DNA oxidative damage using 8-oxo-7,8-dihydro-20deoxyguanosine (8-oxodGuo) assay: The DNA was isolated
from the pancreatic tissues homogenates and the DNA
oxidative damage was measured by using 8-oxo-7,8-dihydro20-deoxyguanosine (8-oxodGuo) assay as described earlier2.
The pancreatic tissues were homogenized in 50 mM
Phosphate Buffer Solution (PBS) containing 0.1M dithiothreitol
and then centrifuged at 4EC for 20 min at 2000 g. These pellets
were used
for 8-oxo-7,8-dihydro-20-deoxyguanosine
(8-oxodGuo). The pancreatic pellets were re-suspended the
DNA was isolated and the purified DNA (about 50 mg) was
hydrolyzed with P1 nuclease (10 IU) and alkaline phosphatase
(7 IU). The hydrolyzed mixture was filtered by using
Micropure-EZ enzyme remover (Amicon, MA, USA) and 50 mL
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100

was injected into High Pressure Liquid Chromatography with
Electrochemical Detection (HPLC-ED). The nucleosides were
separated by a C18 reverse-phase column (Supelco, 5 mm, I.D.
0.46×25 cm). The 8-oxodGuo and 2dG in the DNA were
detected by using an ESA Coulochem II electrochemical
detector in line with a UV detector.
Dichlorofluorescein

fluorescence

assay:

DPPH inhibition (%)

80

The

dichlorofluorescein fluorescence (DCF) assay was used to
measure cellular peroxide production and other reactive
species. Aliquots of pancreatic homogenates were added to a
medium containing Tris-HCl buffer (0.01 mM, pH 7.4) and
dichlorofluorescein diacetate (7 :M). The medium was
incubated in dark for 1 h until the fluorescence measurement
(excitation at 488 nm and emission at 525 nm, with both slit
widths at 1.5 nm). Oxidized DCF was determined by using a
standard curve of oxidized DCF and results were expressed as
:mol of oxidized DCF/mg protein.
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Fig. 1: Scavenging effect of “Italian Genovese” and
“Thyrsiflora” leaves extracts and 2,6-di-tert-butyl-4hydroxytoluene (BHT) against 1,1-diphenyl-2picrylhydrazyl (DPPH) free radical formation
Results are Mean±SD of six measurements
600

Statistical analysis: Statistical analysis was performed by

500
Body weight (g)

using GraphPad Prism (version 5.03; GraphPad Software Inc.
San Diego, CA). The results are expressed as Means±Standard
Deviation (SD). The statistical analysis was performed using
one-way Analysis of Variance (ANOVA) followed by Tukeyʼs
test and a p-value of less than 0.05 was considered significant.
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Polyphenols and flavonoids measurements: The total
polyphenol contents of ʻItalian Genoveseʼ and ʻThyrsifloraʼ
leaves extracts were 128±6 and 245±11 mg Gallic Acid
Equivalents/g dry solids, respectively. A similar difference in
the contents of flavonoids was observed for both ʻItalian
Genoveseʼ and ʻThyrsifloraʼ leaves extracts (95±2 and
314±9 mg Catechin Equivalents /g dry solids, respectively).
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Fig. 2: Effects of “Italian Genovese” and “Thyrsiflora” leaves
extracts on body weight of the non-diabetic and
diabetic groups
ND: Non-diabetic rats that received chow diet, D: STZ-induced diabetic
rats, ND+Italian Genovese: Non-diabetic rats that received chow diet
plus oral supplementation of Italian Genovese leaves extract, D+Italian
Genovese: Diabetic rats that received chow diet plus oral
supplementation of Italian Genovese leaves extract, ND+Thyrsiflora:

DPPH measurements: The ʻItalian Genoveseʼ and ʻThyrsifloraʼ
leaves extracts inhibited DPPH formation in a dose-dependent
manner (10-300 µM) as compared to BHT standard and it was
observed that ʻThyrsifloraʼ leaves extract exhibited a
protective effect at a higher rate compared the ʻItalian
Genoveseʼ leaves extract, although there was no significant
difference (p = 0.214) (Fig. 1).

Non-diabetic rats that received chow diet plus oral supplementation
of thyrsiflora leaves extract, D+Thyrsiflora: Diabetic rats that received
chow diet plus oral supplementation of thyrsiflora leaves extract

groups. There was no significant difference in the body weight
among all the groups (p = 0.525). However, all rats in the
diabetes group showed a consistent decrease in body weight
throughout week 5 to week 13 as compared to negative

Body weight gain of animals: As shown in Fig. 2, the body

control groups (p<0.05). However, the diabetic rats

weight for each rat was recorded weekly for the whole
duration of the experiment. The initial body weight increased
gradually throughout the experimental period for all the

supplemented with either ʻItalian Genoveseʼ or ʻThyrsifloraʼ
leaves extracts showed an improvement in compensating the
weight loss due to diabetes induction (p<0.05).
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Effects of STZ and basil leaves extracts on serum glucose
and insulin levels: STZ-induced diabetic rats have significantly

*

25

1

Serum glucose (mmol LG )

30

higher levels of serum glucose as compared to non-diabetic
20

rats p<0.05 (Fig. 3). Nevertheless, the STZ-induced
hyperglycemia was suppressed by ʻItalian Genoveseʼ and

15

ʻThyrsifloraʼ leaves extracts supplementation as they had a
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hypoglycemic effect which was significantly different from the
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control STZ-induced diabetic group (p<0.05). There were no
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significant differences in glucose levels among all non-diabetic
groups (p>0.05).
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As presented in Fig. 4, ʻItalian Genoveseʼ or ʻThyrsifloraʼ
leaves extracts restored the STZ induced insulin deficiency to
levels that are comparable to the non-diabetic group

Fig. 3: Effects of “Italian Genovese” and “Thyrsiflora” leaves

(p<0.0001). There was no significant difference in serum

extracts on blood glucose measurements

insulin levels between non-diabetic groups either in the

ND: Non-diabetic rats that received chow diet, D: STZ-induced diabetic

presence or absence of ʻItalian Genoveseʼ and ʻThyrsifloraʼ

rats, ND+Italian Genovese: non-diabetic rats that received chow diet

leaves extracts supplementation (p>0.05).

plus oral supplementation of Italian Genovese leaves extract, D+Italian
Genovese: Diabetic rats that received chow diet plus oral
supplementation of Italian genovese leaves extract, ND+Thyrsiflora:

Effects of STZ and basil leaves extracts on oxidative stress:

Non-diabetic rats that received chow diet plus oral supplementation

The effects of basil leave extracts on pancreatic DNA oxidative

of thyrsiflora leaves extract, D+Thyrsiflora: Diabetic rats that received

damage are illustrated in Fig. 5. The STZ-induced diabetic

chow diet plus oral supplementation of thyrsiflora leaves extract,
Results are Mean±SD, *Significantly higher than the ND group,

groups showed a significant DNA damage as compared to
non-diabetic group (p<0.05). Administration

(p<0.05), **Significantly lower than the D group, (p<0.05)
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Fig. 4: Effects of “Italian Genovese” and “Thyrsiflora” leaves
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Fig. 5: Effects of “Italian Genovese” and “Thyrsiflora” leaves

extracts on serum insulin levels

extracts on pancreatic DNA oxidative damage

ND: Non-diabetic rats that received chow diet, D: STZ-induced diabetic

ND: Non-diabetic rats that received chow diet, D: STZ-induced diabetic

rats, ND+Italian Genovese: Non-diabetic rats that received chow diet

rats, ND+Italian Genovese: Non-diabetic rats that received chow diet

plus oral supplementation of Italian genovese leaves extract, D+Italian

plus oral feeding of Italian genovese leaves extract, D+Italian

Genovese: Diabetic rats that received chow diet plus oral

genovese: Diabetic rats that received chow diet plus oral feeding of

supplementation of Italian genovese leaves extract, ND+Thyrsiflora:

Italian genovese leaves extract, ND+Thyrsiflora: Non-diabetic rats that

Non-diabetic rats that received chow diet plus oral supplementation

received chow diet plus oral feeding of thyrsiflora leaves extract,

of thyrsiflora leaves extract, D+Thyrsiflora: Diabetic rats that received

D+Thyrsiflora: Diabetic rats that received chow diet plus oral feeding

chow diet plus oral supplementation of thyrsiflora leaves extract,

of thyrsiflora leaves extract, Results are Mean±SD, *Significantly higher

Results are Mean±SD, *Significantly lower than the ND group

than the ND group (p<0.05), ***Significantly lower than D group

(p<0.05), ***Significantly higher than D group (p<0.0001)

(p<0.0001)
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standardizing cultivation conditions is needed to validate the
observed differences and the effects. Also, it was only utilized
for the leaves of the plants while different parts of basil have

Fig. 6: Effects of “Italian Genovese” and “Thyrsiflora” leaves

been used to extract bioactive compounds22-24. The drying and

extracts on pancreatic oxidized dichlorofluorescein

extraction methods could be sources of variation in

fluorescence (DCF) formation

polyphenols and flavonoids yields. While, some air dried the

ND: Non-diabetic rats that received chow diet, D: STZ-induced diabetic

basil materials under shade17,25 or used 30-40EC hot air

rats, ND+Italian Genovese: Non-diabetic rats that received chow diet

oven20,21, freeze drying was used in our samples. It was used

plus oral supplementation of Italian genovese leaves extract, D+Italian
Genovese: Diabetic rats that received chow diet plus oral

aqueous extraction (infusion) process for it is a simple yet an

supplementation of Italian genovese leaves extract, ND+Thyrsiflora:

effective procedure26 and it resulted in the highest total

Non-diabetic rats that received chow diet plus oral supplementation

phenols in samples of O. tenuiflorum

of thyrsiflora leaves extract, D+Thyrsiflora: Diabetic rats that received
chow diet plus oral supplementation of thyrsiflora leaves extract,
Results are Mean±SD, *Significantly higher than the ND group
(p<0.05), **Significantly lower than the D group (p<0.05)

Genoveseʼ or ʻThyrsifloraʼ leaves extracts to the diabetic
groups significantly reduced the oxidative DNA damage
(p<0.0001).
As shown in Fig. 6, the DCF assay was used to measure the
oxidized DCF-protein and it was observed that diabetes
induction showed a significant increase in oxidized DCF levels
as compared to negative (non-diabetic) groups. Meanwhile,
treatment with leaves extracts of ʻItalian Genoveseʼ and
ʻThyrsifloraʼ prevented the formation of oxidized DCF proteins
in the diabetic groups compared to the underrated diabetic
group (p<0.05).
DISCUSSION
Oxidative stress is a characteristic of diabetes, due to
hyperglycemia and some degree of insulin deficiency that
mediates

tissue

damage

and

the

progression

of

complications13,14. The search for natural sources of
hypoglycemic agents is an ongoing endeavor15,16. However,
many health related positive findings of O. basilicum are
lacking information about the specific cultivars of the
plants16-19. Thus, the current study compared the potency of
aqueous extracts of two cultivars of O. basilicum, ʻItalian

compared to

chloroform, ethyl acetate and methanol extracts27.
The STZ caused an increase in the level of oxidative DNA
damage in the diabetic groups, which is consistent with earlier
findings2, 8. This STZ mediated oxidative stress was abrogated
by the aqueous extracts of “Italian Genovese” and “Thyrsiflora”
that are rich in polyphenols (128±6 and 245±11 mg GAE/g
dry-solids, respectively) and flavonoids (95±2 and 314±9 mg
CE/g dry-solids, respectively). Comparable total polyphenols
(146±5.26 mg Catechin/g dry extract) and lower flavonoids
(41±2.2 rutin/g dry extract) are reported for aqueous extract
of unknown cultivar of O. basilicum from Saudi Arabia16. It
should note that qualification of polyphenols and flavonoids
is benchmarked with different standards and to date the
conversion between these standards is not clear. As a result,
comparison among studies with variable standards is
impractical.
A dose dependent inhibition of DPPH was observed with
both cultivars; similar finding is reported in O. basilicum of
unknown cultivar16. Comparison with the literature in this
regards is limited by the limited studies on specific cultivars of
O. basilicum. Studies on O. basilicum mostly reported on yield
and composition of oils from various cultivars28-30. Only
Beatoviƒ et al.25 reported DPPH radical scavenging activity for
oil extract of Genovese, while the current study used aqueous
extract. Studies from Oman refereed to O. basilicum as “Omani
basil”28,29, without a botanic name, when there are a number
of cultivars of O. basilicum in Oman31.
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The STZ-induced hyperglycemia and insulin deficiency
were significantly improved by the two cultivars in our study.
As a result, the treated diabetic rates significantly gained
more weight compared to the control diabetic rats.
Collectively, these findings signify improved cellular glucose
uptake and are supported by studies on O. basilicum and
O. tenuiflorum17,27,32. The mechanisms by which the extracts
decreased blood glucose level may be related to in vitro
findings as carbohydrate metabolizing enzymes, a-glucosidase
and a-amylase were inhibited by aqueous leaves extract of
O. basilicum16,17. Natural flavonoids33 and phenolics34 are
reported to inhibit these enzymes and thus delay the rate of
glucose absorption. Again, the cultivars of O. basilicum are
not specified in these studies16,17,32 which renders the
comparison unpersuasive and therefore, a need for further
research.
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