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Abstract The effects of Chios mastic gum (Pistacia len-

tiscus var. Chia) and exercise on physical characteristics,

blood lipid markers, insulin resistance, and hepatic func-

tion were investigated in healthy, non-smoking Japanese

men aged C 40 years. Participants were allocated to con-

trol (C, 5 g/day placebo powder, n = 7), mastic (M,

5 g/day mastic powder, n = 7), or mastic plus physical

activity groups (M ? PA, 5 g/day mastic powder and

30-min exercise three times/week, n = 7), and measure-

ments were taken at baseline, 3 and 6 months. Serum

triglycerides were significantly reduced at 3 months in M

and M ? PA compared with C (P\ 0.05). Serum insulin

and homeostatic model assessment of insulin resistance

values were significantly reduced at 3 and 6 months in

M ? PA, and at 6 months in M, compared with C

(P\ 0.05). These results indicate that Chios mastic gum

intake for 6 months reduced serum triglyceride and insulin

concentrations, and additional exercise enhanced the effect

on insulin.
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Introduction

Chios mastic gum (CMG) is a popular functional food and

has been widely researched in recent years. It plays an

important role in the treatment of several modern lifestyle-

related diseases in Western countries, such as Greece [1].

However, little is known about its functional and medical

efficacy in Asia, including Japan. Medicinal plants and

functional foods are currently in high demand in Japan, for

the treatment of the same lifestyle-related diseases that

affect Western society [1].

Mastic (Pistacia lentiscus var. Chia) is a common

evergreen shrub found in eastern Mediterranean areas [2].

However, the best quality mastic plants are unique to the

southern part of Chios, a Greek island in the Aegean Sea.

The natural tree sap, collected by making incisions in the

branches and trunks of the mastic trees, has been prized

since ancient times as a natural chewing gum, and a luxury

product for cleaning teeth and eliminating bad breath [3].

CMG has been used in traditional Greek medicine for over

2500 years, and famous Ancient Greek physicians, such as

Hippocrates (460–370 BC), Dioscorides, Theophrastos,

and Galen, as well as ancient Babylonians, Egyptians, and

Arabs, have referred to its healing properties [3].

CMG has been the focus of many recent studies, which

have confirmed its efficacy as a functional food for gas-

trointestinal disturbances [4–6] and oral hygiene [7, 8]. It

has strong antimicrobial [9], anti-inflammatory [10], and
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antioxidative activities [11], and has been shown to have

hepatoprotective and cardioprotective effects [12]. More-

over, it is known to have diabetes prevention and treatment

effects [13]. Triantafyllou et al. [12] reported mastic-re-

lated improvements in total cholesterol (TC), low-density

lipoprotein cholesterol (LDL-C), total cholesterol/high-

density lipoprotein cholesterol (HDL-C) ratio,

apolipoprotein A1, apolipoprotein B, serum glutamic oxa-

loacetic transaminase (SGOT), serum glutamic pyruvic

transaminase (SGPT), and c-glutamyl transpeptidase (c-
GTP) in Greek subjects. The same group reported that the

anti-inflammatory activity of mastic occurs via control of

tumor necrosis factor-alpha, which induces oxidative stress

[10]. Moreover, in their screen of natural products in the

Chinese Natural Database, Petersen et al. [13] reported the

presence and activity of oleanolic acid, an effective

antidiabetic compound, in CMG.

While the effects of CMG observed in these studies

should also apply to Japanese people, this remains to be

confirmed. In addition, the Ministry of Health, Labour and

Welfare in Japan has proposed that lifestyle-related dis-

eases are closely related to eating habits, smoking, and

physical activity [14]. Therefore, the aim of this study was

to clarify the effects of CMG and exercise on physical

characteristics, blood lipid markers, insulin resistance, and

hepatic function in healthy, non-smoking Japanese men

aged C 40 years.

Materials and methods

We recruited 21 men aged C 40 years who were non-

smokers, in good health with no cardiovascular or meta-

bolic diseases, not receiving drug therapy, and not partic-

ipating in any other clinical studies at the time of this study.

Informed consent was obtained from all participants after

the experiment was described to them in detail. Participants

were assigned at random to the following three groups

ensuring that there were no significant differences between

groups in age or body composition (age and height values

are mean ± standard error): control (C, n = 7, age

50.3 ± 11.3 years, height 170.7 ± 5.8 cm), mastic (M,

n = 7, age 50.1 ± 7.7 years, height 169.2 ± 4.5 cm),

mastic plus physical activity (M ? PA, n = 7, age

43.0 ± 7.0 years, height 168.7 ± 4.0 cm). During the

study period, participants in groups C and M were asked to

maintain the same lifestyle habits. The physical charac-

teristics of the participants are shown in Table 1. Partici-

pants were asked to complete simple questionnaires about

their current lifestyle, such as physical activity, alcohol

consumption, and previous smoking habits, before starting

the experiment.

This study was conducted according to the guidelines of

the Declaration of Helsinki and approved by the ethics

committees of Waseda University (No. 2012-028).

Capsules were prepared for use in the experiments from

imported powdered mastic, made by grinding mastic resin

obtained directly from the Chios Gum Mastic Growers

Association. Each mastic capsule was composed of

334.0 mg of mastic powder, 8.2 mg of cornstarch, 30.4 mg

of peppermint and menthol powder (4.7 mg peppermint

powder, 25.7 mg menthol powder), and 0.4 mg of silicon

dioxide powder. Each placebo capsule was composed of

283.0 mg of microcrystalline cellulose and 17.0 mg of

peppermint and menthol powder (0.24 mg peppermint

powder, 16.76 mg menthol powder). Capsule shells were

water-soluble and made from porcine gelatin. Both mastic

and placebo capsules were prepared by Toyo Capsule Co.,

Ltd. (Shizuoka, Japan).

Regarding the chemical composition of CMG, poly-b-
myrcene (an adhesive and insoluble polymer) constitutes

approximately 25% of CMG by weight, and several

triterpenoids have also been isolated. Once poly-b-myrcene

is removed, the extract can be further separated into an

acidic fraction, which contains major triterpenoid acids

(e.g. masticadienonic acid, isomasticadienonic oleanonic

acid, moronic acid, masticadienolic acid, isomastica-

dienolic acid, oleanolic acid), and a neutral fraction, which

contains neutral triterpenic compounds (e.g. oleanolic

aldehyde, 28-norolean-17-en-3-one, tirucallol, b-amyrone,

isomasticadienolic aldehyde, dammaradienone). Trace

components include verbenone, a-terpinolene, and lina-

lool—which contribute to the mastic oil’s antibacterial

activity—and camphene, which has fat-reducing activity

[15]. Georgiadis et al. [16] remarked that CMG’s

antibacterial, fat-reducing, and anti-inflammatory activities

suggest synergistic effects: ‘‘a combination of several

compounds is more potent than any single compound on its

own.’’

This study was a double-blind, placebo-controlled, ran-

domized trial. Group C participants consumed five placebo

capsules with 200 mL of water three times per day, before

breakfast, lunch, and dinner. Likewise, participants in

groups M and M ? PA consumed five mastic capsules

with 200 mL of water, three times per day (total dose,

5010 mg/day) before meals. The dose was determined

according to the study of Triantafyllou et al. [10]. Partici-

pants in group M ? PA also participated in 30-min walks

three times per week, in addition to their normal everyday

activities. Participants were asked to walk briskly at a pace

that increased their respiratory rate. The study period was

6 months for all groups. All participants were provided

with a calendar in which they were required to tick-mark

boxes when they took the capsules, and to note any missed

774 T. Fukazawa et al.

123



doses. The participants of group M ? PA were also

required to note down the duration of each walk.

To assess their physical activity, all participants were

asked to wear a uniaxial accelerometer (Lifecoder-EX;

Suzuken Co. Ltd., Nagoya, Aichi, Japan) for 7 continuous

days (at baseline and at 3 and 6 months, including Satur-

days and Sundays) from rising until bedtime (except when

undressing or bathing). We collected accelerometer data

from all participants simultaneously to show that season-

ality was not an issue. When assessing differences in

physical activity between groups, we accounted for the

exercise prescribed to group M ? PA by subtracting 1285

steps/day from the 3- and 6-month values (assuming 100

steps/min of exercise, 100 steps 9 30 min 9 3 -

days = 9000 steps; 9000 steps/7 days = 1285 steps/day).

To assess dietary habits, all participants were inter-

viewed using the Food Frequency Questionnaire based on

food groups (Kenpakusha, Tokyo, Japan) at three

timepoints (baseline, and 3 and 6 months). Diets were

analyzed using the computerized nutritional analysis sys-

tem of the Food Frequency Questionnaire [17].

We measured physical characteristics and collected

blood samples at baseline (before starting the experiment),

and 3 and 6 months after starting the experiment. Body

mass was measured to the nearest 0.1 kg using a digital

balance (Inner Scan 50; Tanita Corporation, Tokyo, Japan).

Height was measured to the nearest 0.1 cm using a wall-

mounted stadiometer (YS-OA; As One Corporation,

Osaka, Japan). BMI was calculated as weight in kilograms

divided by the square of height in meters. Waist circum-

ference was measured to the nearest 0.1 cm at the level of

the umbilicus using a flexible plastic tape measure. Arterial

blood pressure was measured from the right arm using a

standard mercury sphygmomanometer (605P, Yagami Co.

Ltd., Nagoya, Aichi, Japan) with the participant in a seated

position. Each participant was seated in a chair for 5 min

Table 1 Physical characteristics, physical activity, and energy intake at baseline, 3 months, and 6 months

Parameter Timepoint Groupa P value

C (n = 7) M (n = 7) M ? PA (n = 7) (Time, interaction)

Body mass (kg) Baseline 75.3 ± 6.8 70.2 ± 10.9 73.5 ± 12.8 0.217 0.361

3 months 76.9 ± 6.9 70.8 ± 11.0 73.9 ± 12.5

6 months 76.7 ± 6.8 70.3 ± 11.0 73.2 ± 13.2

Body mass index (kg/cm2) Baseline 25.8 ± 2.2 24.4 ± 2.8 25.8 ± 4.6 0.217 0.361

3 months 26.2 ± 2.3 24.4 ± 2.9 25.9 ± 4.6

6 months 26.1 ± 2.2 24.3 ± 2.9 25.5 ± 4.5

Waist circumference (cm) Baseline 90.5 ± 4.1 86.0 ± 8.5 88.7 ± 10.5 0.005 0.528

3 months 90.9 ± 4.8 88.4 ± 9.5 89.9 ± 11.0

6 months 92.0 ± 5.3 87.8 ± 10.1 90.1 ± 10.3

Body fat percentage (%) Baseline 23.9 ± 3.7 21.3 ± 5.8 23.2 ± 7.1 0.165 0.331

3 months 24.6 ± 3.8 22.3 ± 5.6 23.5 ± 7.0

6 months 23.4 ± 3.5 21.0 ± 6.2 22.6 ± 6.9

Systolic blood pressure (mmHg) Baseline 134.3 ± 8.4 137.0 ± 24.1 118.7 ± 10.3 0.359 0.77

3 months 134.7 ± 11.7 135.8 ± 15.8 122.6 ± 15.7

6 months 133.7 ± 11.8 129.5 ± 18.3 118.3 ± 11.3

Diastolic blood pressure (mmHg) Baseline 89.6 ± 9.3 89.0 ± 13.5 80.3 ± 11.2 0.004 0.134

3 months 92.3 ± 9.0 94.2 ± 15.1 80.0 ± 9.9

6 months 90.2 ± 10.1 88.0 ± 15.1 72.2 ± 5.4

Physical activity (steps/day) Baseline 9344 ± 1822 10,900 ± 2910 9398 ± 1911 \ 0.001 \ 0.001

3 months 9461 ± 2307 11,046 ± 3435 12,745 ± 1257

6 months 9237 ± 2060 11,222 ± 3508 13,036 ± 1575

Energy intake (kcal/day) Baseline 2154 ± 94 2333 ± 166 2227 ± 280 0.003 0.964

3 months 2179 ± 85 2377 ± 160 2288 ± 231

6 months 2215 ± 152 2404 ± 163 2314 ± 277

All data are presented as mean ± standard error

Physical activity values for M ? PA at 3 months and 6 months are inclusive of the prescribed thrice weekly 30 min walk
aGroups: C, control group; M, mastic intake group; M ? PA, mastic intake plus physical activity group
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before the measurements were taken. Three blood pressure

measurements were obtained at each time point, and the

mean of these values was recorded. Percent body fat was

measured using bioelectrical impedance analysis with an

Inner Scan 50 (Tanita Corporation, Tokyo, Japan).

After fasting (overnight for at least 12 h) and avoiding

physical activity for 24 h, venous blood samples were

taken from the antecubital vein. Blood samples for serum

were immobilized for 30 min at room temperature and

centrifuged at 4 �C, and those for plasma were immedi-

ately centrifuged after collection. Serum and plasma sam-

ples were stored at - 80 �C until analysis. The following

were measured: blood lipid markers [TC, LDL-C, HDL-C,

triglycerides (TG), and lecithin–cholesterol acyltransferase

(LCAT)], insulin resistance (glucose, insulin), and hepatic

function (SGOT, SGPT, and c-GTP). Serum TC concen-

tration was determined by timed endpoint enzyme col-

orimetry with the cholesterol dehydrogenase-ultraviolet

method. Serum HDL-C and LDL-C concentrations were

assayed by the timed endpoint direct method. Serum TG

were estimated according to timed endpoint enzyme col-

orimetry with the GK-GPO glycerol blanked method.

Serum LCAT was measured by the dipalmitoyl lecithin

substrate method. Fasting blood glucose was quantitated by

hexokinase ultraviolet absorption spectrophotometry. And

serum insulin was measured by a chemiluminescent

enzyme immunoassay. The homeostatic model assessment

of insulin resistance (HOMA-IR) was calculated as fol-

lows: HOMA-IR = fasting insulin (lU/mL) 9 fasting

blood glucose level (mg/dL)/405. SGOT, SGPT, and c-
GTP concentrations were measured by the method rec-

ommended by the JSCC.

Data were analyzed using PASW Statistics for Win-

dows, Version 18.0 (SPSS Inc., Chicago, IL, USA). Two-

way analysis of variance for repeated measures (6 trials)

with Bonferroni post-hoc analysis was used to assess main

effects and the group by time interaction. For variables

with a significant group by time statistical interaction,

change from baseline values were calculated for each

participant by subtracting their individual baseline value

from their 3- and 6-month values. Group differences in

change from baseline values were analyzed at 3 and

6 months using one-way analysis of variance. All data are

presented as mean ± standard error, and P values less than

0.05 were considered significant.

Results and discussion

Physical characteristics, physical activity, and energy

intake of the participants at baseline, 3, and 6 months are

summarized by group in Table 1. There were no significant

group by time statistical interactions for body mass, BMI,

waist circumference, percent body fat, systolic or diastolic

blood pressure, or energy intake (Table 1), indicating that

intake of mastic gum with or without physical activity for

6 months had no effect on physical characteristics or

energy intake. There was a significant group by time sta-

tistical interaction for physical activity, with M ? PA

showing a trend for an increase in physical activity at

3 months (P = 0.073), and a significant increase in phys-

ical activity at 6 months (P = 0.034), compared with

baseline. This result shows that the thrice weekly 30 min

walks prescribed to the M ? PA group significantly

increased their overall physical activity during the 6-month

study period.

Biochemical parameters of the participants at baseline, 3

and 6 months are summarized by group in Table 2. For the

blood lipid markers, a significant group by time statistical

interaction was observed for TG (Table 2). A post-hoc test

of unadjusted TG values showed a trend for TG to be

reduced at 3 months in M compared with C (P = 0.074). A

post-hoc test of TG values adjusted for baseline showed

that TG was significantly reduced at 3 months in M

(P = 0.023) and M ? PA (P = 0.011) compared with C

(Fig. 1). No significant group by time statistical interac-

tions were observed for TC, HDL-C, LDL-C, or LCAT

(Table 2).

Studies in rodents have also shown reductions in TG and

other lipids with CMG intake. Vallianou et al. [15] reported

that the administration of CMG essential oil to hyperlipi-

demic rats reduced TG, TC, and LDL-C concentrations by

65.4, 59.9, and 72.5%, respectively, and attributed this

result to the camphene content of CMG. Georgiadis et al.

[18] fed diabetic mice with low or high doses of mastic

powder for 8 weeks, and showed that TG was significantly

reduced in both groups, and TC and LDL-C were signifi-

cantly reduced in the low-dose group. In human studies, the

effects of CMG on TG and other lipids are less consistent.

In a study by Kartalis et al. [19], 179 healthy Greek male

subjects received a daily dose of placebo, 1 g CMG, 1 g

polymer-free CMG, or 2 g polymer-free CMG. While TC

concentrations were reduced in the 1 g CMG group, the

were no group effects on serum LDL-C or TG. Impor-

tantly, the CMG doses used in this study (1 or 2 g

CMG/day) were lower than that used for the present study

(5 g CMG/day). CMG dose may thus be a factor in how

CMG affects blood lipid markers, and warrants further

study.

Research suggests that the effects of CMG on lipid

metabolism could be mediated by peroxisome proliferator-

activated receptors (PPARs). Oleanolic acid, oleanonic

acid, and gallic acid (components of CMG) are known to

act on PPARs. PPARs regulate lipid metabolism, cell dif-

ferentiation and proliferation, and immune responses, and

are structurally similar to steroid hormone receptors [20].
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PPARs also function as transcription factors, aiding lipid

synthesis and oxidation, glucose uptake and insulin sensi-

tivity, and inflammatory and immunoregulatory gene

expression via activation of cell signaling pathways [21].

To date, three types of PPARs have been identified:

PPARa, PPARc, and PPARb/d. PPARa inhibits

apolipoprotein C-III gene expression and reduces the

formation of TG [21]. PPARb/d improves serum lipid

profiles and increases insulin sensitivity [22, 23]. PPARc is

expressed on adipocytes, regulates the expression of genes

that mediate adipogenesis, energy metabolism, and the

actions of insulin [24, 25], and is a pivotal regulatory factor

in adipogenesis [26]. According to Dedoussis et al. [27],

the restoration of intracellular glutathione levels and

Table 2 Biochemical parameters at baseline, 3 months, and 6 months

Parameter Timepoint Groupa P value

C (n = 7) M (n = 7) M ? PA (n = 7) (Time, interaction)

Triglycerides (mg/dL) Baseline 116.3 ± 72.4 129.6 ± 89.7 113.0 ± 58.5 0.487 0.016

3 months 162.3 ± 126.8 97.6 ± 49.6 71.9 ± 42.4

6 months 113.6 ± 63.9 102.1 ± 10.4 83.6 ± 43.9

Total cholesterol (mg/dL) Baseline 201.1 ± 19.0 200.9 ± 31.6 214.6 ± 42.4 0.32 0.591

3 months 214.9 ± 24.2 202.7 ± 20.2 208.9 ± 46.8

6 months 203.7 ± 16.1 194.4 ± 21.0 206.1 ± 36.8

HDL cholesterol (mg/dL) Baseline 53.6 ± 8.2 61.4 ± 9.9 59.0 ± 14.7 0.281 0.495

3 months 54.1 ± 13.5 56.9 ± 10.3 58.9 ± 13.3

6 months 52.3 ± 10.5 58.3 ± 8.5 57.6 ± 15.2

LDL cholesterol (mg/dL) Baseline 119.9 ± 15.7 105.1 ± 19.3 133.6 ± 45.2 0.165 0.331

3 months 125.1 ± 17.8 109.7 ± 15.4 132.4 ± 48.7

6 months 121.6 ± 15.8 103.7 ± 15.2 129.4 ± 45.1

LCAT (U) Baseline 107.0 ± 13.7 103.0 ± 20.8 112.1 ± 26.6 0.395 0.223

3 months 110.6 ± 17.0 98.5 ± 10.3 95.8 ± 19.5

6 months 104.9 ± 15.3 109.5 ± 29.1 102.0 ± 25.0

Glucose (mg/dL) Baseline 100.3 ± 11.7 103.0 ± 5.8 99.9 ± 7.2 0.163 0.097

3 months 102.9 ± 9.5 97.6 ± 6.1 93.7 ± 4.5

6 months 100.7 ± 10.8 88.0 ± 15.1 93.0 ± 6.8

Insulin (lIU/mL) Baseline 4.9 ± 1.4 6.4 ± 3.1 9.4 ± 6.6 0.474 0.003

3 months 6.4 ± 1.6 5.4 ± 2.4 7.5 ± 6.3

6 months 7.0 ± 3.0 5.4 ± 2.1 6.8 ± 6.5

HOMA-IR Baseline 1.2 ± 0.4 1.6 ± 0.8 2.3 ± 1.5 0.395 0.007

3 months 1.6 ± 0.33 1.3 ± 0.6 1.8 ± 1.5

6 months 1.7 ± 0.7 1.4 ± 0.6 1.6 ± 1.6

SGOT (U/L) Baseline 24.6 ± 4.8 26.7 ± 10.8 28.9 ± 13.5 0.086 0.435

3 months 24.6 ± 6.1 23.1 ± 11.4 23.1 ± 5.1

6 months 23.3 ± 4.2 25.1 ± 13.5 21.7 ± 6.2

SGPT (U/L) Baseline 25.6 ± 7.6 21.6 ± 7.7 40.6 ± 30.1 0.006 0.111

3 months 21.6 ± 6.1 13.4 ± 5.3 20.1 ± 9.9

6 months 23.3 ± 8.3 23.1 ± 21.1 23.7 ± 17.9

c-GTP (U/L) Baseline 36.7 ± 14.4 60.9 ± 47.4 43.1 ± 19.9 0.042 0.332

3 months 37.6 ± 17.0 52.1 ± 42.3 34.3 ± 13.9

6 months 36.3 ± 13.9 56.5 ± 45.9 35.9 ± 16.9

All data are presented as mean ± standard error

c-GTP c-glutamyl transpeptidase, HDL high-density lipoprotein, HOMA-IR homeostatic model assessment of insulin resistance, LCAT lecithin–

cholesterol acyltransferase, LDL low-density lipoprotein, SGOT serum glutamic oxaloacetic transaminase, SGPT serum glutamate pyruvate

transaminase
aGroups: C, control group; M, mastic intake group; M ? PA, mastic intake with physical activity group
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downregulation of CD36 expression are pathways through

which mastic triterpenes exert their antioxidant and

antiatherogenic effects. This supports the idea that the

overall effect of CMG on lipid metabolism is mediated via

its function as a PPARa agonist. Furthermore, the activa-

tion of PPARb/d improves the serum lipid profile, which

seems to support the notion that CMG exerts beneficial

effects on lipid metabolism [16].

Physical activity has also been shown to affect lipid

metabolism. Sakamoto et al. [28] reported that aerobic and

continuous exercise regimes are needed to improve lipid

metabolism. Holloszy et al. [29] showed that after

6 months of training, 15 male subjects (who did not exer-

cise at all prior to the study) showed a reduction in TG

from 208 to 125 mg/dL. Physical activity may thus have

contributed to the reduction in TG shown by M ? PA in

the present study. However, there did not appear to be any

significant additional benefit of physical activity, with no

differences in TG observed between M ? PA and M.

Regarding glucose metabolism, while there were no

effects on fasting glucose, there were significant group by

time statistical interactions for insulin and HOMA-IR

(Table 2). Post-hoc tests of unadjusted insulin and HOMA-

IR values showed that insulin and HOMA-IR were sig-

nificantly reduced in M ? PA at 3 months (insulin

P = 0.04, HOMA-IR P = 0.07) and 6 months (insulin

P = 0.032, HOMA-IR P = 0.041), compared with C.

Post-hoc tests of insulin and HOMA-IR values adjusted for

baseline showed that insulin and HOMA-IR were signifi-

cantly reduced in M ? PA at 3 months (insulin P = 0.007,

HOMA-IR P = 0.017) and 6 months (insulin P = 0.005,

HOMA-IR P = 0.009), and in M at 3 months (insulin

P = 0.039, HOMA-IR P = 0.049), compared with C

(Figs. 2 and 3). To our knowledge, this is the first report to

show an association between CMG intake and insulin

resistance.

Previous studies on humans suggest that the effects of

CMG on glucose metabolism may be dose dependent. For

instance, Triantafyllou et al. [12] showed that for Greek

male subjects, ingestion of a low daily CMG dose resulted

in decreased glucose levels, whereas a high daily dose (5 g

CMG/day, i.e. the same dose as the present study) did not

affect glucose levels. In the aforementioned study of 179

healthy Greek male subjects, Kartalis et al. [19] showed

that glucose levels were reduced in the group that received

the relatively low daily dose of 1 g CMG. Conversely, in
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diabetic mice, both low and high doses of mastic powder

(fed for 8 weeks) substantially reduced blood glucose

levels [18].

There are several mechanisms by which CMG might

affect insulin sensitivity. Oleanonic acid, a component of

CMG, has been identified as a PPARc agonist, and may

therefore partly regulate insulin-mediated gene expression

via the activation of PPARc [13]. The decrease in HOMA-

IR values in the mastic gum groups in our study may thus

have occurred via PPARc. In addition, the activation of

PPARb/d has been shown to increase insulin sensitivity

[22, 30]. Triterpenes (another component of CMG) have

been shown to have beneficial effects on pancreatic b-cells
that include promoting the action of insulin by increasing

insulin secretion and inhibiting protein tyrosine phos-

phatase-1B [31].

Physical activity has also been shown to have beneficial

effects on insulin sensitivity in healthy and insulin-resistant

individuals [32, 33]. It induces various metabolic adapta-

tions such as upregulation of muscle glucose transporter

type 4 protein [34, 35], increases in enzyme activity, and

muscle capillarization. Moreover, physical activity

decreases basal glucose production and further inhibits

hepatic glucose production by insulin [32].

None of the three measures of hepatic function (SGOT,

SGPT, c-GTP) showed a significant group by time statis-

tical interaction in the present study, suggesting that hep-

atic function was not affected by 6 months of CMG intake

or combined CMG intake and physical activity.

This study had some limitations. First, the number of

participants was small; however, our results may still be

compared with those of the Greek studies. Second, we

investigated only healthy men over 40 years of age.

According to Karataris et al. [19], the effect of CMG is not

as apparent in this group. Moreover, our results cannot be

generalized to women, obese individuals, or individuals

with disease. Third, the study design did not include a

‘‘physical activity only’’ group; thus, the contribution of

physical activity to the effects shown by M ? PA is

unclear. Fourth, we were unable to measure PPARs as a

means of investigating the underlying mechanisms. Nev-

ertheless, our study contains several useful methodological

points, such as confirming the capsule intake in all groups,

implementing physical activity three times per week in the

M ? PA group, and assisting eating habits based on caloric

intake. Further, we found decreases in TG, insulin, and

HOMA-IR with a combination of CMG intake and

exercise.

In conclusion, we found that CMG intake affected lipid

and glucose metabolism, consistent with earlier reports on

Greek subjects. In particular, CMG intake alone reduced

TG levels at 3 months, and insulin and HOMA-IR values at

6 months. CMG intake combined with exercise reduced

TG levels at 3 months, and insulin and HOMA-IR values at

3 and 6 months. To our knowledge, this is the first study to

report beneficial effects of CMG intake on blood lipid

markers and insulin resistance in healthy Asian subjects,

specifically in a Japanese population. Future studies should

examine the effects of CMG intake and physical activity on

groups not examined here, such as women, obese indi-

viduals, individuals with disease, and other ethnic groups.
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