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Abstract—Rosemary (Rosmarinus officinalis L.) has always
known a versatile, aromatic herb and addition to being used as
a food flavoring is also known medicinally for its powerful
antioxidant activity, antibacterial and hepatoprotective
properties. In this study we examined the effects of rosemary
iextract on the lifespan and aging in Drosophila melanogaster
against high-fat induced oxidative injury, and found that it
responded to rosemary extract with an increased lifespan and
reduced MDA content during aging. We found that lifespan
extension by rosemary extract was attributed to its increasing
the activity of SOD, CAT and decreasing the content of MDA.
Moreover, Realtime-PCR analysis showed that the gene
expression of SOD, and CAT was enhanced, in contrast MTH
was significantly reduced. In conclusion, these results suggest
that the antioxidant and antiaging effect of rosemary extract
may, at least in part, be due to its interactions with endogenous
antioxidant protective enzymes including SOD and CAT.

Therefore, in this study, we investigate whether rosemary
extract has the capacity to prolong the lifespan of D.
melanogaster and its underlying molecular mechanisms.
II.

A. Chemicals and strains
Rosemary extract was provided by Tianjin Jianfeng
Natural Product Co., Ltd, Tianjin, China, which mainly
contained carnosic acid (30.3%), carnosol (33.2%),
rosmarinic acid (1.5%), rosmarinic phenol (7.2%), carnosic
acid methyl ester (27.8%) and other ingredients.
Male fruit flies, wild type, Oregon-R-C (OR) were reared
in the vials which 10 cm×5.0 cm and covered with plastic
film. Those vials were maintained in an incubator with
keeping constant temperature (25.0–26.0℃) and humidity
(50–60%).
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I.

B. Culture medium
The basal diet was prepared according to the standard
formulation described previously [10]. In brief, 800mL diet
contained 72 g corn flour, 72g glucose, 10g yeast, and 6g
agar. Ethyl-p-hydroxybenzoate (0.4%) was added to the diet
to prevent mold growth. High-fat diet was added 10% lard in
basal diet. Experimental diets were prepared by adding
rosemary extract 0.2 mg, 0.5 or 1.5 mg in the high-fat diet
per milliliter, respectively. For the experimental flies, 5 ml of
the basal or experimental diets were prepared per vial.

INTRODUCTION

Oxidative stress from free radicals in the body has
negative effects, and is considered to be one of the causative
factors of aging and disease [1]. Antioxidant, a class of
substances helped to capture and neutralize free radicals,
thereby removing its damage to the bodysubstance, is to
prevent the adverse effects of oxygen [2].
In recent years, considerable attention has been devoted
to many herbs and spices, which contain many
phytochemicals with potential antioxidant capacity [3]. The
greatest level of attention among herbs and spices as sources
of antioxidants has been focused on rosemary [4]. Rosemary
(Rosmarinus officinalis L.) is a perennial herb from
Lamiaceae family, typical of the Mediterranean region,
which has been believed have many potential biological and
pharmacology functions, such as antioxidant, antimicrobial,
hepatoprotective and antiproliferative [5-9].
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MATERIALS AND METHODS

C. Effect of rosemary extract on longevity
The 2-day-old OR wild type male flies were divided into
five groups (n = 200 each), and housed in 10 vials (20 flies
per vial). The first group was reared with the basal diet; the
second was fed with high-fat diet, while the other groups
were fed with 0.2, 0.5 and 1.5 mg /mL experimental diet,
respectively. The dead flies were counted every 3 days and
the remaining alive flies were transferred to another new vial
with the same diet. The maximum life spans in this study
were calculated as the average life span of the 10% longest
surviving flies.
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D. Enzyme activity assay
2-day-old male flies (n=1000) were divided into five
groups, with 200 flies in each group. They were fed the diet
containing different doses (0, 0.2, 0.5, 1.5mg/mL) of
rosemary extract for 45d, the method of culture flies were
similarly to survival experiments described above. The male
flies were collected under CO2 anesthesia after starving for 2
h, recorded the average body weight in each group and then
stored at -80 °C. Assay kits were used to measure the SOD,
CAT activity and MDA content, meanwhile protein
concentration was determined with the BCA protein assay
kit.
Figure 1. Lifespan curve of Drosophila melanogaster

E. Real-time PCR
The expressions of mRNA were measured according to
our previous method [10]. In brief, total RNA was extracted
using the commercial extraction agent TRIzol. PrimeScript
RT reagent Kit with gDNA Eraser (TAKARA, Dalian,
China) was used to construct cDNA. Then cDNA was
synthesized in the MyCycler Thermal Cycler (BIO RAD,
USA) and stored at -20 ℃. The target genes were Cu-ZnSOD, Mn-SOD, CAT, and MTH. The rp49, a housekeeping
gene, was used to normalize the expression of the target
genes. Gene expression was calculated on the basis of the
comparative threshold cycle (CT) value. Levels of gene
expression in all groups were shown as a ratio of the control
group value.

TABLE I.

Group
Normal
HF diet

EFFECT OF ROSEMARY EXTRACT ON LIFESPAN OF
DROSOPHILA MELANOGASTER

Rosemary
extract
(mg/mL)

Body weight
(µg)

Mean lifespan
(d)

Maximum
lifespan
(d)

0

873.76±37.18

51.26±3.38

73.58±2.97

0

950.78±31.30#

42.59±1.63#

63.13±1.34#

0.2

941.15±36.80

46.92±2.82

65.73±3.12*

0.5

921.08±44.58

48.65±1.17*

68.58±1.04**

1.5

927.51±34.51

50.03±2.94*

72.49±2.18**

#P<0.05, ##P<0.01 vs Normal group; *P <0.05, **P<0.01 vs HF diet group

F. Statistics
Data were expressed as means±standard deviation. The
significance of differences between samples was assessed
using T-test and one-way ANOVA. Differences were
considered significant when p < 0.05.
III.

B. Effects of Rosemary extract on the antioxidant enzymes
activities and lipid peroxides concentration in
Drosophila melanogaster
Supplementation of rosemary extract could significantly
increased the SOD and CAT enzyme activity comparing
with the high-fat fed group, while MDA content decreased
significantly in a dose-dependent manner. As shown in Table
II, supplied rosemary extract of 1.5 mg/mL could
significantly increased the Cu-Zn-SOD enzymes activities,
and 0.5, 1.5 mg/mL rosemary-treatment could significantly
increase the Mn-SOD enzymes activities (P<0.05). The
activity of CAT was 8.58U/mg protein in the high-fat group.
In contrast, for the rosemary-treated groups values were
10.05, 11.76 and 11.99 U/mg protein, respectively. The 0.5
and 1.5 mg/mL rosemary-treated group significantly
increased CAT activity in fruit flies compared with that of
the high-fat fed group (p<0.05).
Supplementation with rosemary extract attenuated high
fat diet-induced oxidative damage of lipid and reduced the
content of MDA. Supplementation with 1.5 mg/mL
rosemary extract significantly decreased the MDA level from
3.93nmol/mg protein to 3.11nmol/mg protein (p<0.01),
indicating that rosemary extract can prevent oxidative stress.

RESULTS

A. Effect of rosemary extract on lifespan in Drosophila
melanogaster
The present study showed that the average body weight
was significant increased (P < 0.05) in high-fat diet fed flies,
meanwhile the mean lifespan and maximum lifespan were
shortened compared with that of the control flies (Figure 1).
But there was no significant difference in average body
weight between the high-fat diet group and rosemarytreatment flies.
The results demonstrated that supplementation of
rosemary extract in high fat diet could partially reverse the
high fat induced mortality and significantly extended
lifespan in a dose-dependent manner (Table I). The result
showed that 0.2, 0.5 and 1.5 mg/mL rosemary treatment
extended the mean lifespan of fruit flies 4.33 d, 6.06 d and
7.44 d more, respectively. Rosemary-treated group (1.5
mg/mL) significantly increased the mean lifespan by 17.47%
compared with that of the high-fat group (P < 0.05). In
addition, the 0.2, 0.5 and 1.5 mg/mL Rosemary treatment
also significantly extended the maximum lifespan by 4.12%,
8.63% and 17.47% compared with that of the high-fat group
(P < 0.05).
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TABLE II.
EFFECT OF ROSEMARY EXTRACT ON CU-ZN-SOD, MNSOD, CAT ACTIVITY AND MDA CONTENT IN DROSOPHILA MELANOGASTER

Group

Rosemar
y
Extract
（mg/mL
）

Cu-Zn-

CAT

SOD

Mn-SOD

（U/mg

(U/mg pro)

（U/mg

MDA
（nmol/
mg

pro）

pro）

pro）

Normal

0

42.36±2.65

45.74±4.14

12.35±1.35

2.48±0.22

HF diet

0

37.41±2.52#

38.14±3.81#

8.58±1.71##

3.93±0.24##

0.2

39.84±2.93

39.69±4.17

10.05±1.37

3.55±0.26*

0.5

40.04±3.40

43.53±3.00*

11.76±1.21*

3.31±0.25**

1.5

41.78±3.46*

45.96±3.07*
*

11.99±1.34*

3.11±0.38**

#P<0.05, ##P<0.01 vs Normal group; *P <0.05, **P<0.01 vs HF diet group

C. mRNA expression levels of antioxidant genes
As to the gene expression, mRNA expression of Cu-ZnSOD, Mn-SOD, CAT, and MTH in wild type flies was
studied. Rp49 was selected as an internal control gene. The
expression level of Cu-Zn-SOD and Mn-SOD was increased
in rosemary-treated group compared with that in the high-fat
group, meanwhile there was a significant increase in 1.5
mg/mL group (p<0.05). Similarly, gene expression of CAT
was increased in 0.5 mg/mL and 1.5mg/mL group compared
with that in the high-fat group (p<0.05). In contrast, gene
expression of MTH was only significantly decreased in
1.5mg/mL rosemary-treated group compared with that in the
high-fat group (Figure 2).

Figure 2. Effect of Rosemary extract on Cu-Zn-SOD, Mn-SOD, CAT, and
MTH mRNA expression in Drosophila melanogaster
#P<0.05, ##P<0.01 vs Normal group; *P <0.05, **P<0.01 vs HF diet group

IV.

DISCUSSION

High-fat diet can induce higher levels of reactive oxygen
species (ROS), evidenced by hydrogen peroxide emission
from mitochondria [11], and shift the cellular redox
environment to a more oxidized state, and decreases the
redox-buffering capacity in the absence of any change in
mitochondrial respiratory function [12]. The oxidative stress
hypothesis is one of the leading mechanistic explanations for
aging [13]. Recent studies reveal that ROS cause oxidative
damage to macromolecules that leads to loss of molecular
function and ultimately cellular, organ and organismal
senescence.
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The present study showed that the mean lifespan and
maximum lifespan of high-fat diet fed fruit flies were
significant shorten (P<0.05), accompanied with the activity
and mRNA level of antioxidant protective enzymes were
significant decreased compared with that in the normal group
(P<0.05) (Table II).
To help to scavenge free radicals by terminating the
propagation of ROS reaction, antioxidant defenses including
endogenous antioxidant enzymes such as superoxide
dismutase (SOD), catalase (CAT) and exogenous dietary
antioxidant such as vitamin C and E is an essential anchor
[14]. Rosemary extracts possesses a greater antioxidant
capacity than most other fruits and vegetables. Our study
found that adding rosemary extract could significantly
increase Cu-ZnSOD, Mn-SOD and CAT enzyme activity in
male flies. It was agreement with Bakirel who found that
ethanolic extract of the leaves of Rosmary could significantly
inhibit the lipid peroxidation and activate the antioxidant
enzymes such as SOD, CAT in alloxan-diabetic rabbits [15].
It is believed that accumulation of oxidative damages
caused by reactive oxygen species (ROS) is one of the major
contributors responsible for aging including fruit flies. MDA
is a major oxidative degradation product of membrane
unsaturated fatty acid. Posadas found after fedding with a
standard kibble (80%) supplemented with turkey breast
(20%) containing one of two different rosemary
concentrations (0.2% and 0.02%) for 12 weeks, the MDA
coutent in heart and brain (cortex and hippocampus) of aged
Wistar rats were decreased [16]. We found treatment of
rosemary extract significantly could attenuate high fat dietinduced oxidative damage of lipid and restore lifespan of
fruit flies.
Real-time PCR results displayed that rosemary extract
upregulated the antioxidant protective genes mRNA
expression level of SOD and CAT, and the increasing trend
were consistent with the corresponding anti-oxidation
enzyme activities. The Methuselah (MTH) gene in D.
Melanogaster has been a major target of interest in the
biology of aging, which is the 3rd chromosome in vivo of
Drosophila genes encoding g protein-coupled receptors, and
has been shown to be involved in longevity in fruit flies [17].
Flies with reduced expression of the G protein-coupled
receptor gene methuselah（MTH）appear to have enhanced
resistance to oxidative stress [18]. Similarly, Baldal proved
that MTH endogenous ligand gene knockout or
overexpression of peptide antagonists of MTH receptor
extends life span of fruit flies [19]. In this study, we found
that flies supplementation with rosemary extract reduced
mRNA level of MTH (Figure 2). It was in agreement with
Cheng who reported that black tea extract could prolong
lifespan of fruit flies by enhancing Cu-Zn-SOD, CAT and
reducing MTH mRNA expression [20].
In conclusion, the results presented indicate that
rosemary extract could significantly extend the lifespan,
attenuate the oxidation and increase the activities of
antioxidant enzymes in fruit flies. The anti-aging activity of
rosemary extract was at least partially associated with its
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interaction with antioxidant protective enzymes and genes
including SOD, and CAT.
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