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Background: The present study aimed to assess the phenolic content and in-vitro
antioxidant capacity of the petroleum ether extract of nutmeg, as well as its antioxidant
and antihyperlipidemic activities in alloxan-induced diabetic rats.

Methods: Forty-eight male rats were allocated into six groups of eight each: non-diabetic
control, diabetic control, and diabetic rats receiving 50, 100 and 200 mg/kg of the nutmeg
petroleum ether extract or 100 mg/kg metformin. The in vitro antioxidant activity of the
extract was determined using 2, 2-diphenyl-1-picrylhydrazyl (DPPH) assay. Total
phenolic and flavonoid contents were estimated using Folin-Ciocalteu and aluminum
chloride colorimetric methods, respectively.

Results: The nutmeg extract contained considerable levels of phenols (112.41 mg
GAE/100 g) and flavonoids (26.12 mg QE/100 g) and showed a remarkable scavenging
effect on the DPPH radicals with the IC50 value of 123.36 ug/ml. The administration of
the nutmeg extract (100 and 200 mg/kg) to the diabetic rats caused a significant
reduction in the serum levels of malondialdehyde, total cholesterol, triglycerides, and
low-density lipoprotein, while a significant increase was observed in the total
antioxidant capacity and high-density lipoprotein cholesterol serum levels.

Conclusion: According to the results, nutmeg extract is an abundant source of natural
antioxidants, which might have beneficial effects on patients with diabetes mellitus
develop educational packages.

1. Introduction

Diabetes mellitus is a chronic metabolic disorder

Increased oxidative stress has been reported in both the
humans and animals with diabetes mellitus [2].
Antioxidants play a key role in the elimination of free

characterized by hyperglycemia and the deficiency of the
secretion or action of insulin [1]. Oxidative stress plays a
major role in the pathogenesis of diabetes and development
of diabetic complications [2]. Hyperglycemia increases the
production of reactive oxygen species through several
pathways, including glucose autoxidation, the polyol
pathway, and non enzymatic protein glycation. Free
radi-cals could adversely affect important biomolecules
such as carbohydrates, nucleic acids, and proteins [3].

radicals and protection of the cells against oxidative
damage. Furthermore, evidence attests to the beneficial
effects of antioxidant supplementation on the prevention
and control of diabetes mellitus complications [4].

In general, synthetic drugs are used for the treatment of
diabetes and its complications. Despite their beneficial
therapeutic effects, these drugs have unwanted side-effects
such as hypoglycemia, cell death, and secondary failure [5].
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Recently, special attention has been paid to complementary
and alternative therapies for diabetes using medicinal
plants and their bioactive compounds [6]. Evidence
suggests that a high proportion of the patients with diabetes
use such therapies concurrent with conventional healthcare
services, and the anti-diabetic and hypoglycemic effects of
some medicinal herbs have also been confirmed [4].

Myristica fragrans belongs to the Myristicaceae family
and is an evergreen aromatic tree. Nutmeg is the kernel of
the apricot-like fruit of the tree, and mace is the red lacy
covering (aril) on the nutmeg seed. In traditional medicine,
M. fragrans is used as an anti-bloating agent, stomach
stimulator, and anti-diarrhea medicine [7-8]. Nutmeg has
compounds such as lignin, flavonoid, saponin, and tannins,
while it also has antifungal, hepatoprotective, anti-
inflammatory, and antioxidant properties. M. fragrans seed
(nutmeg) extract has been reported to be effective in the
control of hyperglycemia in diabetic rats [9]. Moreover, the
plant has been shown to reduce cholesterol and blood lipids
in healthy mice [10]. Nevertheless, data are currently scarce
regarding the exact role of nutmeg extract in the
management of diabetes and its complications.

The present study aimed to investigate the phenolic
contents and in-vitro antioxidant capacity of nutmeg
petroleum ether extract and determine its in-vivo
antioxidant and lipid-lowering potential in a rat model of
diabetes.

2. Materials and Methods
2.1. Preparation of the Extract

In this study, the M. fragrans fruits were purchased from
a local market in Tehran, Iran and authenticated by an
expert taxonomist at the Department of Plant Pathology of
the Islamic Azad University in Tehran, where a voucher
specimen (Voucher No. IAUH- 1623) was deposited. To
prepare the extract, powdered nutmeg was extracted with
petroleum ether (temperature: 60-80°C) in a soxhlet
extractor (Behrotest ET2, behr Labor-Technik, Dusseldorf,
Germany). Following that, the obtained extract was
concentrated under reduced pressure using a rotary
evaporator apparatus (Rotavapor R-114, Buchi, Flawil,
Switzerland). The percentage yield of the extract was 16%
(w/w) [11].

2.2. Measurement of the Total Phenols

The total phenolic content of the nutmeg petroleum ether
extract was evaluated wusing the Folin-Ciocalteu
colorimetric method [12]. The aliquots of the nutmeg
extract with various concentrations were mixed with five
milliliters of the Folin-Ciocalteu reagent and four milliliters
of 7.5% sodium carbonate. After incubation for 30 minutes
at room temperature, the absorbance was read at 765
nanometers using a spectrophotometer (Shimadzu UV-
1700, Japan). In addition, gallic acid was used for the
calibration of the standard curve, and the total phenolic
content was expressed as the milligram of the gallic acid
equivalent (GAE) per 100 grams of dry weight.

2.3 Measurement of the Total Flavonoids

Total flavonoids were measured using the aluminum
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chloride colorimetric method [13]. Each diluted extract
sample or quercetin (2.5 ml) was added to 10% aluminum
chloride solution (200 ul), followed by the addition of 200
microliters of a potassium acetate solution (1M). Ultimately,
5.6 milliliters of distilled water was added to each mixture.
After 30 minutes at room temperature, the absorbance was
read at 415 nanometers using a spectrophotometer
(Shimadzu UV-1700, Japan). The total flavonoid content
was calculated as the milligram of the quercetin equivalent
(QE) per 100 grams of dry weight.

2.4. DPPH Radical Scavenging Assay

The free radical scavenging activity of the petroleum
ether extracts of nutmeg was determined using the 2, 2-
diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay
as proposed by Blois (1958) [14]. To this end, a solution of
DPPH (0.1 mM) in methanol was prepared, and 1.0 milliliter
of the solution was mixed with 1.0 milliliter of various
concentrations of the methanol nutmeg extract in (25-250
ug/ml). After 30 minutes, the absorbance of the mixture was
read at 517 nanometers using a spectrophotometer
(Shimadzu UV-1700, Japan). In addition, a DPPH methanol
solution (0.01 mM) was used as the control, and
butylhydroxytoluene (BHT) was used as the reference
standard. The rate of the DPPH radical scavenging activity
was calculated using the following equation:

% DPPH Radical Scavenging Activity = {(Ao— A1)/Ao} x 100

where Ao is the absorbance of the control, and A:
represents the absorbance of the extractives/standard.

2.5. Animals

In total, 48 male Wistar rats (Pasteur Institute, Tehran,
Iran) weighing 200-250 grams were used in the present
study. All the animals were Kkept at the constant
temperature of 22+2°C and 50-60% relative humidity within
a 12-hour light/dark cycle and had access to a standard
pellet diet and water ad libitum during the treatment
period.

The study protocol was approved by the Research Ethics
Committee of the Islamic Azad University, Science and
Research Branch (code: IR/IAU/SRB/REC/1398/011).

2.5.1. Diabetes Induction

Diabetes was induced in the rats with overnight fasting
by the single intraperitoneal injection of alloxan dissolved
in normal saline at the dose of 120 mg/kg of the body
weight. The animals in the control group received the same
amount of saline alone. Diabetes induction was confirmed
by the evaluation of the blood glucose level three days after
the alloxan injection. The animals were considered diabetic
with the increased blood glucose levels to more than 200
mg/dl [15].

2.5.2. Experimental Design and Treatment
The rats were randomly assigned to six groups of eight. In
group one, healthy rats were administered with saline

solution (non-diabetic control). The animals in group two
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were diabetic control animals, which received treatment
with alloxan and saline only, while the animals in groups
three, four, and five were diabetic rats orally administered
with the nutmeg extract at the concentrations of 50, 100,
and 200 mg/kg, respectively. In group six, diabetic rats
received metformin (100 mg/kg of the body weight). The
mentioned doses were selected based on the previous
studies as the equivalent consumed doses [9, 10]. All the
treatments were administered via oral gavage once daily for
three weeks [1].

2.6, Sample Collection and Biochemical Analysis

After the treatment, blood samples were collected from
the tail vein of the rats and centrifuged (Centrifuge 5430R,
Eppendorf, Hamburg, Germany) at 3,000 rpm for 15
minutes [3]. The obtained serum samples were used for the
biochemical measurements.

2.6.1. Measurement of Serum Malondialdehyde (MDA) and
Total Antioxidant Capacity (TAC)

The serum concentration of malondialdehyde (MDA) was
assayed as a biomarker of lipid peroxidation. In brief, 0.5
milliliter of serum was mixed with 2.5 milliliters of 20%
trichloroacetic acid in a 10-milliliter centrifuge tube. One
milliliter of 0.67% thiobarbituric acid was added to the
mixture, shaken, and heated in a boiling water bath for one
hour. After cooling, four milliliters of n-butanol was added
and mixed vigorously, and the n-butanol layer was
separated by centrifugation at 3,000 rpm for 15 minutes.
The serum MDA concentration was measured at 532
nanometers using a spectrophotometer against n-butanol
[15] and reported as pumol MDA/ of the serum .

The serum level of the total antioxidant capacity (TAC)
was determined using the chromogenic method with a
commercially available kit (Cat. No. NX 2332, Randox
Laboratories Ltd., Crumlin, United Kingdom). The obtained
results were expressed as nanomole of the Trolox
equivalents (6-hydroxy-2,5,7,8-tetramethyl chroman-2-
carboxylic acid) per milliliter of serum.

2.6.2. Lipid Profile Assay

Serum total cholesterol (TC), total triglyceride (TG) and
high-density lipoprotein cholesterol (HDL-C) were
evaluated using standard colorimetric kits (Pars Azmoon
kit, Pars Azmoon Inc., Tehran, Iran) in accordance with the
instructions of the manufacturer. In addition, the
Friedewald formula was used to estimate low-density
lipoprotein cholesterol (LDL-C) in the serum samples [2].

2.7. Statistical Analysis

Data analysis was performed in SPSS version 18.0, and the
obtained values were expressed as means and standard
error of the mean (SEM) and mean and standard deviation
(SD). One-way analysis of variance (ANOVA), Tukey's test,
and LSD multiple comparisons were also used to analyze the
datasets. In addition, Pearson's correlation-coefficient was
applied to determine the correlation between the phenolic
components and antioxidant activity. The ICso values were
compared using student's t-test. In all the statistical

analyses, P< 0.05 was considered significant.
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3. Results and Discussion

Medicinal plants have long been reported as a prospective
source of natural antioxidant compounds, particularly the
secondary metabolites of plants, such as phenolic
compounds and flavonoids, which act as free radical
scavengers and may be an alternative to the treatment of
various diseases, such as diabetes mellitus [16, 17].

3.1. Total Phenolic and Flavonoid Contents

In this assay, the total phenolic and flavonoid contents of
the petroleum ether extract of nutmeg were estimated at
112.41+£1.37 mg GAE/100 g dry weight and 26.12+0.47 mg
QE/100 g dry weight, respectively (Table 1). In this regard,
Gupta et al (2013) reported lower total phenolic
compounds in the ethanol extract of nutmeg [18]. On the
other hand, Tan et al (2011) claimed that the polyphenol
and flavonoid contents of M. fragrans fruit were within the
ranges of 25.26-188.0 mg GAE/g dry weight and 117.24-
1345.75 mg Rutin equivalent/g dry weight, respectively [8].
In another study, the total polyphenol content of the
methanol extract of M. fragrans seed was determined to be
2.434 mg GAE/ g dry weight, while it was 4.630 mg GAE/g
dry weight in the mace extract [7]. The differences in the
outcomes may be attributed to the genetic backgrounds,
environmental factors, types of the extraction solvent, and
methods of extraction [19].

3.2. Antioxidant Capacity Based on DPPH Test

The in-vitro antioxidant potential of the nutmeg extract
was assessed using the DPPH photometric assay, in which
the reduction of DPPH free radicals was estimated. Figure 1
illustrates the free radical scavenging activity of the nutmeg
extract and standard BHT. The herbal extract displayed a
significant dose-dependent inhibition of the DPPH activity
(r?=0.913) with the IC50 value of 123.36 + 0.76 pug/ml (Table
1), while the effect was less significant compared to BHT
(ICs0 =18.51 £ 0.37pg/ml). In a study in this regard, Kazeem
et al. (2012) reported the DPPH radical scavenging activity
of the polyphenol extract of M. fragrans seeds with the ICso
value of 100 pg/ml [20], while Vangoori ef al (2019)
reported the ICsq value of 52.62 pg/ml in the ethanol extract
of the mace [21]. The present study indicated a significant,
positive correlation between the total phenolic content of
the nutmeg extract and its DPPH radical scavenging activity
(r = 0.924; P< 0.05), indicating the effectiveness of these
compounds. Furthermore, Burri ef a/ (2017) have reported
similar results by revealing a positive correlation between
total phenols and antioxidant activity [19].

Table 1: Total phenol and total flavonoid contents and DPPH-radical
scavenging activity of petroleum ether extracts of nutmeg

Total phenols Total flavonoid DPPH
(mg/100g DW, GAE) (mg/100g DW, QE) (ICs;, pg/mL)
Nutmeg 112.41 £1.37 26.12+0.47 123.36+0.762
extract
BHT - - 18.51+0.37°

Values are represented as mean * SD (n = 3). Values followed by different
superscript letters within the same columns are significantly different
according the Students t-test (< 0.05). GAE Gallic Acid Equivalent, QE
Quercetin Equivalent
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Figure 1: DPPH radical scavenging activity of nutmeg extract and Butylated
hydroxytoluene (BHT). Data are presented as the means + SEM of triplicates

The radical scavenging activity of the nutmeg extract in
the current research could be allotted to the presence of
polyphenols and flavonoids. In plants, phenolic compounds
are mainly produced by the secondary metabolism, and the
antioxidant properties of phenolic compounds largely
depends on their redox properties, which enable their
action as reductive agents, hydrogen donors, and singlet
oxygen quenchers [22]. Some of the natural antioxidants
belonging to the flavonoid compounds (flavonols, flavones,
isoflavones, and pterocarpans) have been isolated from the
M. fragransseed [7].In aresearch, Tan et al. (2013) reported
epicatechin as the major flavonoid compound present in
nutmeg seeds [8]. In addition, Shan ef a/. (2005) stated that
the high antioxidant activity in nutmeg seed was
contributed by caffeic acid and catechin [23]. Our findings
suggested that nutmeg extract could be considered as a
potential bioresource of antioxidants and should be
investigated as a therapeutic agent in the treatment of free
radical-induced diseases.

3.3, Effects of the Extract on the Serum MDA and TAC

Figure 2 shows the serum MDA and TAC levels in the
experimental groups. In the diabetic control group, the
serum MDA concentrations elevated significantly (Figure 2-
A), while the serum TAC levels decreased (Figure 2-B)
compared to the non-diabetic group. Evidence attests to the
key role of oxidative stress in the development of diabetes
mellitus and the associated complications [24]. The
increased levels of MDA and diminished total antioxidant
capacity observed in the present study may indicate the
occurrence of oxidative stress in the rats administered with
alloxan.

According to the current research, treatment with the
nutmeg extract at the concentrations of 100 and 200 mg/kg
significantly decreased the serum MDA levels (Figure 2-A)
and increased the serum TAC levels (Figure 2-B) in the
diabetic rats. The improvement of the serum oxidative
status in the rats administered with 200 mg/kg of the
extract was considered more significant compared to the
metformin group. The antioxidant potential of the nutmeg
extract in the diabetic groups could be attributed to the
natural phenolic substances of this plant as previously
described [20-25].
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Figure 2: Effects of nutmeg extract supplementation for 21 days on (A)
MDA and (B) TAC levels in the serum of experimental groups. *P< 0.05
as compared with the non-diabetic group; # P< 0.05 as compared with
the diabetic control group

In this regard, compounds such as eugenol and B-
caryophyllene could be considered effective contributors to
the antioxidant activity of the extract owing to the relatively
easy abstraction of the atomic hydrogen from their benzylic
and/or allylic positions by peroxy radicals, which are
formed under oxidative stress conditions [7]. Furthermore,
it has been reported that eugenol stimulates the activity of
some antioxidant enzymes, such as catalase, superoxide
dismutase, and glutathione peroxidase [18]. The findings of
the current research suggested that the nutmeg extract
could exert protective effects against diabetes-induced
oxidative stress through antioxidant activity.
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3.4, Effect of the Extract on the Serum Lipid Profile

Table 2 shows the changes in the serum lipid parameters
of the study groups. Accordingly, a significant increase was
observed in the serum TC, TG, and LDL-C levels, while HDL-
C reduced in the diabetic control animals compared to the
non-diabetic group. These findings are consistent with the
results of the previous studies in this regard [26, 27]. The
prominent role of lipids in the development of diabetes has
been confirmed, and a strong interaction has also been
reported between carbohydrates and lipid metabolism. As
such, the impairment of carbohydrate metabolism leads to
disrupted lipid metabolism [28].

According to the information in Table 2, the
administration of the nutmeg extract significantly
decreased the serum levels of TC (concentrations of 100 and
200 mg/kg), TG (concentration of 200 mg/kg), and LDL-C
(concentrations of 100 and 200 mg/kg), while increasing the
serum HDL-C levels (concentrations of 100 and 200 mg/kg)
compared to the diabetic control group. The improvement
of dyslipidemia observed in the treatment group

Pashapoor A, et al.

administered with the extract concentration of 200 mg/kg
was comparable with the metformin group, with the
exception of the TC and TG parameters. These findings are
in line with the previous studies that have confirmed the
hypolipidemic and hypocholesterolemic effects of nutmeg
on non-diabetic mice [10].

The lipid-lowering effects of polyphenols (especially
flavonoids) have been reported in several studies in this
regard [27,28], which could be attributed to their
antioxidant properties that protect the pancreatic islets
against diabetes-induced oxidative damage, thereby
improving insulin secretion [24]. According to the
literature, insulin regulates hepatic apolipoprotein
synthesis, lipoprotein lipase activity, and cholesteryl ester
transfer protein gene expression, which are the underlying
causes of dyslipidemia in diabetes [29]. The beneficial
impact of the extract on dyslipidemia may also be mediated
by the inhibitory effects of the polyphenol and flavonoid
contents of nutmeg on HMG CoA reductase, which could
reduce the cholesterol levels or through the stimulating
effects of glucose utilization in the peripheral tissues [30].

Table 2: Lipid profile of alloxan induced diabetic rats treated with different levels of nutmeg extract

Groups Serum levels
TC (mg/dL) TG (mg/dL) HDL-C (mg/dL) LDL-C (mg/dL)

Non-diabetic 88.28 £091¢ 72.33+1.50¢ 40.13+0.54° 33.56+£0.25 ¢
Diabetic control 144.42 £1.58? 111.37+£1.672 23.42+1.06 ¢ 98.47 £1.24°
Treated groups nutmeg 50 mg/kg 136.07 £2.122 105.12+2.04? 25.18+1.32¢ 90.59+0.93°?
nutmeg 100 mg/kg 119.47 £0.47° 101.80 £ 1.34 30.38+0.23°¢ 71.83 +.54"
nutmeg 200 mg/kg 103.69+0.57 ¢ 91.64£1.32° 38.27 £0.67 % 43.45+1.06 ¢
metformin 95.17 +2.06 ¢ 75.19+1.71¢ 36.62£0.72° 42.26+0.64 ¢

All values are expressed as mean + SEM.; n = 8

Values followed by different superscript letters within the same columns are significantly different according the Tukey's test (< 0.05). TC; total cholesterol,
TG;triglycerides, HDL-C; high density lipoprotein cholesterol and LDL-C; low density lipoprotein cholesterol

4. Conclusion

According to the results, the petroleum ether extract of
the M. fragrans seeds (nutmeg) could be a potent source of
natural antioxidants owing to its considerable phenolic and
flavonoid contents and remarkable scavenging effects on
DPPH. Our findings also indicated a strong correlation
between the total phenolic content and antioxidant activity,
while also suggesting considerable values in terms of the in-
vivo antioxidant and antidiabetic activities of the nutmeg
extract. The treatment of the alloxan-induced diabetic rats
with the extract at the doses of 100 and 200 mg/kg could
enhance the oxidative stress and lipid profile parameters. In
conclusion, nutmeg could be used as an achievable source
of natural antioxidants with beneficial properties in the
treatment of diabetes and the associated complications.
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