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ABSTRACT Chios mastic gum (MG), a resin produced from Pistacia lentiscus var. Chia, is reported to possess beneficial

cardiovascular and hepatoprotective properties. This study investigated the effect of crude Chios MG on metabolic parameters

in diabetic mice. Streptozotocin-induced diabetic 12-week-old male C57bl/6 mice were assigned to three groups: NC (n = 9)

control; LdM (n = 9) animals receiving low dose mastic for 8 weeks (20 mg/kg body weight [BW]); and HdM (n = 9) animals

receiving high dose mastic (500 mg/kg BW) for the same period. Serum lipid and glucose levels were determined at baseline,

at 4 and 8 weeks. Serum total protein, adiponectin, and resistin levels were also measured at the end of the experiment.

Histopathological examination for liver, kidney, aorta, and heart lesions was performed. After 4 weeks, MG administration

resulted in decreased serum glucose and triglyceride levels in both LdM and HdM, whereas BW levels were reduced in LdM

group compared with controls. At the end of the experiment, LdM presented significantly lower serum glucose, cholesterol,

low-density lipoprotein cholesterol, and triglyceride levels and improved high-density lipoprotein cholesterol levels compared

with control group. HdM group had ameliorated serum triglyceride levels. Hepatic steatosis observed in control group was

partially reversed in LdM and HdM groups. MG administered in low dosages improves glucose and lipid disturbances in

diabetic mice while alleviating hepatic damage.
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INTRODUCTION

Chios mastic gum (MG) is a resin produced from Pis-
tacia lentiscus var Chia, an evergreen shrub of the

Anacardiaceae family. The variety Chia is uniquely culti-
vated in the Greek island of Chios, in the Aegean Sea. Its
resin is obtained as an exudate in the form of tears or
droplets, practically by longitudinal incisions of the trunk
and branches of the tree.

The beneficial, healing properties of MG are known since
antiquity.1,2 Since 1997 mastic extracts have been charac-
terized as Products of Protected Origin by the European
Union.3 Among MG pharmacological activities, the eradi-
cation of bacteria and fungi that may cause peptic ulcer,
tooth plaque formation, and malodor of the mouth are re-
ported.4 A few years ago, MG was specifically reported to be
effective against Helicobacter pylori in vitro.5,6 However,
clinical trials remain controversial with MG administration

failing to prove the eradication of H. pylori infection in the
stomach compared with antibiotics.7

MG has been reported to aid in the amelioration of
symptoms of autoimmune diseases by inhibiting the pro-
duction of pro-inflammatory substances by activated mac-
rophages and the production of cytokines in patients with
active Crohn’s disease.8 Other anti-inflammatory and anti-
oxidant properties are documented in in vitro studies.3

The major constituents of MG as determined by Gas
chromatography–mass spectrometry method are a-pinene,
b-pinene, b-myrcene, limonene, and b-caryophyllene.9 The
anti-inflammatory activity of MG can be mainly attributed
to a variety of compounds such as triterpenes of the olea-
nane, euphane, and lupine type.10,11 Further, it contains
a-tocopherol and polyphenols, which have been previously
associated with the hypotensive effects of mastic.11 MG
anti-bacterial activity appears to arise from verbenone,
a-terpineol, and linalool.11,12

MG has been associated with cardiovascular protection
by effectively lowering the levels of serum cholesterol and
inhibiting human low-density lipoprotein (LDL) oxidation
in vitro.4 A study by Petersen et al. reported that the olea-
nonic acid, an extract of MG, is a peroxisome proliferator-
activated receptor c (PPARc) agonist exerting antidiabetic
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properties.13 Recently, Vallianou et al. showed that the
hypocholesterolemic and hypolipidemic activities of the
essential oil from Chios MG were associated with one of its
constituents, a bicyclic monoterpene namely camphene and
suggested that this effect is associated with a mechanism
different from that of statins.14

In this study, the biological activity of MG on lipid and
glucose metabolism in diabetic mice was investigated with a
particular focus on diabetic control and amelioration of lipid
profile. This is a novel research study focusing on the impact
of crude MG on diabetes mellitus and on the diabetes-
associated lipid disturbances in mice.

MATERIALS AND METHODS

Twenty-seven male mice C57bl/6 (Mus Musculus), 12-
week-old and weighing 25–30 g each were used. The animals
were obtained from Alexander Fleming Institute (Vari,
Greece) and were acclimatized for 1 week before the exper-
iment started. The animals were housed under standard lab-
oratory conditions (22 – 2�C) and humidity (60%) with 12 h
light and dark cycle. The experimental protocol was reviewed
and approved by the Ethics Committee of the Medical School
of the University of Athens and by the Veterinary Directorate
of Athens Prefecture Committee, in accordance with the
ethical recommendations of the European Communities
Council Directive of November 24, 1986 (86/609/EEC).

The mice were separated into the following three groups:
NC (n = 9) control mice; LdM (n = 9) animals that received
low dose MG for 8 weeks (20 mg/kg Body Weight [BW]);
HdM (n = 9) animals that received high dose MG for the
same period (500 mg/kg BW). In all groups normal chow
(4FR25; Mucedola, Milan, Italy) was administered during
the entire experiment. Food and water were given ad libi-
tum. Because MG is highly insoluble in water, its adminis-
tration in the drinking water of the mice was not feasible.
Thus, the crude MG was ground to fine powder and then
mixed with normal chow. Water and food intake of mice
was recorded daily. Mice BWs were recorded once a week.

The crude of MG was supplied by the Chios MG Growers
Association, which is the exclusive worldwide producer of
the mastic resin. The MG Growers Association receive and
elaborate those productions of crude MG that are of good
quality and purity to ensure thus that the resin is free of other
compounds or pesticides.

All mice became diabetic with intraperitoneal injection
of streptozotocin (40 mg/kg BW), confirmed by fasting
serum glucose measurements 2–3 days after the adminis-
tration of streptozotocin, where glucose levels were found to
be > 200 mg/dL. In those mice where fasting glucose levels
were not > 200 mg/dL, a second injection of streptozotocin
was given.

Blood samples were collected from mice at the estab-
lishment of diabetes (Baseline), at 4 weeks (T1) and at the
end of the experimental period (T2; 8 weeks). All blood
samples were obtained in the morning after a 12-h fasting
period, using capillary tubes introduced into the medial
retro-orbital venous plexus under light ether anesthesia. The

serum was separated by centrifugation at 3000 rpm (1358 g)
for 10 min. Serum concentrations of total cholesterol and of
triglycerides were determined using the enzymatic PAP
commercial kit (‘‘biosis’’-Biotechnological Applications,
Athens, Greece) and high-density lipoprotein (HDL) cho-
lesterol was determined with a cholesterol enzymatic pho-
tometric method. LDL cholesterol was determined by the
mathematic model ‘‘LDL cholesterol = Total Cholesterol–
(HDL cholesterol + Triglycerides/5).’’ Serum total protein
levels were determined with commercially available kits
(Biosis Biotechnological Applications, Athens, Greece).

Measurements of adiponectin and resistin

The measurements of adiponectin and resistin in serum
samples obtained at the 8th week of the experiment were
performed with Enzyme-Linked Immunosorbent Assay
(ELISA) using commercial available kits (Adiponectin:
Biovendor, MOUSE Adiponectin Elisa, Cat. No
RD293023100R; Resistin: Biovendor (MOUSE Resistin
Elisa, Cat. No RD293016100R).

Histopathological staining

At the end of the 8-week period, animals were euthanized
under ether anesthesia. The liver, kidneys, aorta, and heart
of the animals were dissected immediately for histopatho-
logical examination. The tissues were fixed in 10% formalin
at room temperature. The tissues were then embedded in
paraffin, sectioned, and mounted on glass microscope slides.
The sections were stained with hematoxyllin–eosin and
blindly examined by two independent researchers using
light microscopy. Specifically, the liver was evaluated as
had been previously described by the Pathology Committee
of non-alcoholic steatohepatitis Clinical Research Net-
work.15 The histological features in liver were divided into
five broad categories: steatosis, ballooning, portal inflam-
mation, focal necrosis, and lobular activity. A score from
0 (absence) to 3 (severe lesion) was assigned to each
parameter.

Statistical analysis

Data were expressed as mean – 1 standard deviation for
continuous variables. The normality of the distributions was
assessed with Kolmogorov–Smirnov test and graphical
methods. Comparisons between more than two groups were
performed with Analysis of Variance (ANOVA) using
Benjamini and Hobchberg’s False Discovery Rate (FDR) to
assess between-group differences, and to control familywise
error to < 0.05. Kruskal–Wallis’s test was utilized as a non-
parametric test for multiple group comparisons, using
Mann–Whitney’s U test and FDR for post hoc multiple
testing. Comparisons between more than two measurements
of the same group were performed using Repeated Measures
ANOVA for normal distributions, or Friedman’s test and
Wilcoxon’s signed rank test for non normal distributions,
with FDR, as post hoc tests. Normalization of continuous
variables for covariates and subsequent comparisons were
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performed with Analysis of Covariance (ANCOVA) and
Multivariate Analysis of Variance and Covariance (MAN-
OVA and MANCOVA). Baseline total cholesterol, triglyc-
eride, and HDL cholesterol measurements were selected as
covariates. All tests were two-sided. Differences were
considered as statistically significant if the null hypothesis
could be rejected with > 95% confidence (P < .05).

RESULTS

Body weight measurements and serum lipid profile

At baseline, no differences were observed in BW levels,
serum total cholesterol, and LDL cholesterol levels, among
the groups. Baseline levels of serum HDL cholesterol and
triglycerides differed between the studied groups (Table 1).

At T1, BW levels were significantly decreased in LdM
group as compared with the control group (P = .006). LdM
group exhibited a significant increase in mean HDL cho-
lesterol concentration as compared with the NC group while
both LdM and HdM groups had significantly lower tri-
glyceride levels in comparison with the untreated mice
(LdM vs. NC and HdM vs. NC; P < .001 and P = .003 re-
spectively). HDL levels were significantly increased in LdM
in comparison to HdM group (P = .0015).

At T2, the LdM group presented significantly reduced BW
(P = .033), serum total cholesterol levels (P < .001), LDL
cholesterol levels (P = .0045), and triglyceride levels
(P < .001) and increased HDL cholesterol levels (P = .015)
compared with the control group. Concerning HdM group,
the only significant difference in comparison to NC group

Table 1. Body Weight, Serum Lipid, and Glucose Levels

NC (n = 9) LdM (n = 9) HdM (n = 9)
t Parameter Mean – SD Mean – SD Mean – SD Significant differences between groups

Baseline Glucose (mg/dL) 224.67 – 43.02 215.78 – 10.872,3 244.00 – 24.882,3 NS
Body weight (g) 27.33 – 2.45 25.78 – 2.902,3 27.11 – 2.67 NS
Total cholesterol (mg/dL) 86.67 – 11.513 81.11 – 4.88 90.22 – 4.26 NS
LDL cholesterol (mg/dL) 35.75 – 10.14 40.17 – 4.972,3 37.00 – 6.86 NS
HDL cholesterol (mg/dL) 37.11 – 1.902 30.56 – 3.2452,3 38.11 – 5.18 NC vs. LdM*, LdM vs. HdM*
Triglycerides (mg/dL) 69.00 – 13.43 51.89 – 6.64 75.56 – 11.61 NC vs. LdM*, LdM vs. HdM*

T1 Glucose (mg/dL) 232.88 – 24.99 167.89 – 7.801 176.44 – 19.451 NC vs. LdM*, NC vs. HdM*
Body weight (g) 28.89 – 2.67 24.89 – 2.761 27.33 – 2.00 NC vs. LdM*
Total cholesterol (mg/dL) 87.00 – 6.843 84.33 – 7.353 86.00 – 24.41 NS
LDL cholesterol (mg/dL) 28.96 – 7.35 24.40 – 11.421,3 37.28 – 18.44 NS
HDL cholesterol (mg/dL) 36.33 – 2.341,3 49.33 – 8.241 38.78 – 5.23 NC vs. LdM*, LdM vs. HdM*
Triglycerides (mg/dL) 108.56 – 44.36 53.00 – 14.183 60.56 – 16.84 NC vs. LdM*, NC vs. HdM*

Mean – SD Mean – SD Mean – SD

T2 Glucose (mg/dL) 231.50 – 35.03 160.33 – 14.211 194.33 – 43.861 NC vs. LdM*
Body weight (g) 28.33 – 3.67 24.56 – 2.791 27.11 – 3.02 NC vs. LdM*
Total cholesterol (mg/dL) 96.83 – 10.151,2 78.11 – 5.212 95.44 – 15.00 NC vs. LdM*, LdM vs. HdM*
LDL cholesterol (mg/dL) 35.50 – 9.65 19.78 – 9.761,2 44.04 – 11.65 NC vs. LdM*, LdM vs. HdM*
HDL cholesterol (mg/dL) 37.33 – 2.062 49.44 – 8.201 38.89 – 5.04 NC vs. LdM*, LdM vs. HdM*
Triglycerides (mg/dL) 120.00 – 30.45 44.56 – 11.102 62.56 – 25.15 NC vs. LdM*, NC vs. HdM*

Body weight levels (g), glucose (mg/dL), total cholesterol (mg/dL), LDL cholesterol (mg/dL), HDL cholesterol (mg/dL), and triglyceride levels (mg/dL) in serum

at baseline, at the 4th (T1) and at the 8th week (T2) of the experimental period.

*P < .05.
1P < .05 versus Baseline.
2P < .05 versus T1.
3P < .05 versus T2.

NC, Control group; LdM, Low dose mastic group; HdM, High dose mastic group; HDL, high density lipoprotein; LDL, low density lipoprotein; NS, non

significant.

Table 2. Total Protein, Adiponectin, and Resistin Levels

NC (n = 9) LdM (n = 9) HdM (n = 9)

t Parameter

Median
(interquartile

range)

Median
(interquartile

range)

Median
(interquartile

range)
Significant differences

between groups

T2 Total proteins (mg/dL) 5.40 (0.20) 5.20 (0.20) 5.30 (0.10) NS
Adiponectin (lg/mL) 8.51 (7.32) 21.35 (19.43) 15.80 (7.76) NS
Resistin (ng/mL) 3.39 (2.98) 6.24 (6.41) 3.00 (4.75) NS

Serum total protein (mg/dL), adiponectin (lg/mL), and resistin (ng/mL) levels at the end of the experimental period (T2).

*P < .05.
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was detected in serum triglyceride levels (P = .006). Statis-
tical analysis showed elevated HDL cholesterol levels and
reduced LDL cholesterol levels in LdM group compared
with HdM group (P = .0225 and P = .0045 respectively).

Total cholesterol levels in NC group were significantly
increased at the end of the 8-week experimental period
compared with baseline and T1 levels (Baseline vs. T1 and
Baseline vs. T2; P = .0495, P = .045, respectively).

In LdM group, BW levels were lower at T1 and T2

compared with the initial levels (P = .0135 in all cases).
Total cholesterol levels were significantly decreased in T2 in
comparison to T1 (P = .033), whereas LDL levels were de-
creased in a significant way at the 4th and 8th week of the
experiment compared with baseline (Baseline vs. T1 and
Baseline vs. T2; P = .021 and P = .018, respectively). On the
contrary, HDL cholesterol levels in LdM group were in-
creased with time (Baseline vs. T1, Baseline vs. T2; P < .001,
P < .001, respectively). Serum triglyceride levels in this
group were also lower at the 8th as compared with the 4th
week of the experiment (P < .001). In HdM group, no dif-
ferences were recorded in serum lipid and BW levels during
time (Table 1).

Serum glucose and total protein levels

Baseline serum glucose levels did not show any statisti-
cally significant difference between groups (Table 1). At T1,
serum glucose levels were lower in a statistically significant
way in both LdM and HdM groups compared with the
control group (LdM vs. NC and HdM vs. NC; P < .001 and
P < .001, respectively). At the 8th week of study, statistical
analysis revealed decreased serum glucose levels in LdM
group in comparison with controls (P < .001).

No statistically significant differences were recorded in
serum glucose levels of control mice among the three dif-
ferent time points. Both low and high dose MG-treated an-
imals presented decreased, in a statistically significant way,
serum glucose levels in T1 and T2 as compared with baseline
(LdM group: Baseline vs. T1 and Baseline vs. T2; P < .001
and P < .001, respectively, HdM group: Baseline vs. T1

and Baseline vs. T2; P = .003 and P = .006, respectively)
(Table 1). Serum total protein levels did not differ between
groups at T2 (Table 2).

All statistically significant differences between the three
groups at week 4 and 8 excepting total cholesterol remained
significant even after normalizing for baseline total choles-
terol, HDL cholesterol, and triglyceride levels.

Serum adiponectin and resistin levels

Serum adiponectin and resistin levels did not present
significant differences in LdM and HdM groups compared
with the NC group at the end of the experimental period
(Table 2).

Tissue histopathology

Hematoxylin-eosin stained liver samples obtained from
all three groups showed signs of hepatic steatosis and focal
necrosis (Fig. 1). NC group exhibited the highest scores in

FIG. 1. Representative figures, eosin-hematoxylin stain, 200 ·
original magnification. (A) demonstrates moderate steatosis of liver
parenchyma, both macrovesicular (thick arrows) and microvesicular
(thin arrows). (B) and (C) represent snapshots from the treated
groups. Mild steatosis in both groups (thin arrows) was observed,
although no significant difference existed between groups. Color
images available online at www.liebertpub.com/jmf
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steatosis and overall results compared with LdM and HdM
group (Steatosis: NC vs. LdM and NC vs. HdM, P = .0105 in
all cases; Overall: NC vs. LdM and NC vs. HdM, P = .036
and P = .015, respectively) (Table 3).

The grade of fatty liver disease was considered as ‘‘mild’’
in five of the nine mice in LdM group. In nine mice of the
HdM group, the grade was ‘‘moderate’’ in one and ‘‘mild’’ in
two mice. Finally, the grade of fatty liver was ‘‘moderate’’ in
four and ‘‘mild’’ in five of the nine mice of the control group.

No statistically significant differences were detected in
the grade of focal necrosis between groups. In addition, no
statistically significant differences were observed in the
grade of hepatic steatosis (P = .514) and in the overall he-
patic histopathology (P = .249) between LdM and HdM
experimental groups.

Hepatocellular degeneration (ballooning) of grade 1 was
confirmed in one animal of LdM group; portal inflammation
in one animal of NC group and lobular activity was not
observed in any group. No pathological findings were de-
tected in the other examined tissues, such as aorta, heart, and
kidneys, of all experimental mice (data not shown).

DISCUSSION

Currently, there is an increased interest and an ongoing
search for natural agents with antidiabetic potential but
without the detrimental side effects presented in various
antidiabetic drugs. The present study investigated the impact
of MG administration on a murine diabetic model.

The administration of low dose of MG in our study ex-
hibited beneficial effects regarding serum lipid levels. Both
doses of MG led to a decrease in serum triglyceride levels,
independent of the treatment period. MG powder adminis-
tration in high dosages has been previously shown to result
in decreased serum total cholesterol and LDL cholesterol
levels, total cholesterol/HDL ratio, and atherogenic apoli-
poprotein B levels in healthy human subjects.4

Vallianou et al. reported that the intraperitoneal admin-
istration of MG oil in normolipidemic and dyslipidemic rats
ameliorated their serum lipid levels in a dose-dependent
manner.14 The hypolipidemic activity of MG oil correlated
with one of its minor constituents, named camphene.
However, it was shown that camphene on its own did not
achieve similar levels of serum lipid improvement as com-
pared with the co-administration of camphene along with

the five major components of MG oil. The hypolipidemic
properties of camphene have been attributed to its potent
action as a lipoprotein lipase activator. A similar pathway
could explain the hypolipidemic action of MG observed in
the diabetic mice in our study.

Although we observed a marked improvement in tri-
glyceride levels after both low and high dose MG admin-
istration, the beneficial activity of MG regarding serum
total, LDL, and HDL cholesterol levels was not detected in
the high dose MG administration. We could assume that the
hypocholesterolemic activity of MG is dose-dependent.

Adiponectin is an adipokine that has been recognized as
a key regulator of insulin sensitivity and tissue inflam-
mation. Previous studies indicated that diabetes mellitus
and obesity are linked to reduced levels of adiponectin.16–21

Adiponectin also exhibits anti-inflammatory activity, en-
hances the production of anti-inflammatory cytokines,22

whereas it has been used as marker of insulin resistance
and lipid profile.23,24 In this experiment the modifications
in the serum levels of this adipokine were recorded but no
significant differences were detected in adiponectin serum
levels during the MG administration period. Further in-
vestigations are required since this could be due to the
relatively short period of the MG administration or due to
small sample size.

Regarding serum glucose levels, a significant reduction
after the 4-week treatment period for both high and low dose
MG groups and after 8 weeks of MG treatment for LdM
group, was recorded. In addition, different measurements of
the same group in time, showed an improvement in serum
glucose levels in the two MG crude supplemented groups.
PPARs control a variety of genes in several pathways of
lipid metabolism,25 while PPARc agonists have insulin-
sensitizing effects reducing serum glucose levels in patients
with Type 2 diabetes.26 The presence of the oleanonic acid
in MG, which acts as a PPARc agonist may be implicated in
its hypoglycemic activity. However, other mechanisms in-
cluding the antioxidant and anti-inflammatory properties of
Chios MG may be also related to both its hypolipidemic and
hypoglycemic function.27

In accordance with our findings, diabetic status induces
non-alcoholic fatty liver disease in patients with Type 1
diabetes.28 Serum lipid aberrations are consistent with the
fat accumulation observed in the hepatic sections. The ad-
ministration of MG, independently of the dose, partially

Table 3. Histological Observations of Hepatic Tissue at T2 (End of the Experimental Period)

NC (n = 9) LdM (n = 9) HdM (n = 9)

t Parameter

Median
(interquartile

range) Mean – SD

Median
(interquartile

range) Mean – SD

Median
(interquartile

range)
Mean – SD Significant differences

between groups

T2 Liver steatosis 1.00 (1.00) 1.44 – 0.53 1.00 (1.00) 0.56 – 0.53 0.00 (1.00) 0.45 – 0.73 NC vs. LdM*, NC vs. HdM*
Liver focal necrosis 0.00 (1.00) 0.55 – 0.73 0.00 (1.00) 0.34 – 0.50 0.00 (0.00) 0.11 – 0.33 NS
Overall 2.00 (1.00) 2.00 – 0.71 1.00 (2.00) 1.00 – 0.87 0.00 (1.50) 0.56 – 0.88 NC vs. LdM*, NC vs. HdM*

3, severe; 2, moderate; 1, mild; 0, no changes in histology (scores).

*P < .05.
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reversed the grade of hepatic steatosis, improving hepatic
architecture. The PPARc agonist activity of the oleanonic
acid in MG may display a role in the amelioration of hepatic
histology.29

One possible confounder that must be taken into account
is that animals were housed in groups of three per cage,
which did not enable the determination of the exact daily
food and MG consumption by each individual animal.

The crude resin used in this study contains a high percentage
(30%) of an insoluble and sticky polymer (poly-b-myrcene)
that is postulated to interfere with oral administration and
bioavailability of active compounds present in mastic resin.
Thus, various studies of MG have utilized preparations of
total mastic extract without this polymer. However, contrary
to the findings of prior research, the activity of compositions
comprising polymeric myrcene has been found useful to the
induction of neuronal cell differentiation, and to the reju-
venation of a large number of cells and tissues.30 In our
opinion, future research studies should investigate in vitro
and in vivo all the different constituents of MG separately,
and examine their bioavailability in terms of selected target
tissues or organs.

The different beneficial actions of MG-oil, besides its
traditional uses, should also be investigated with the help of
molecular biology techniques. For example, a recent study
performed microarray gene expression profiling and bioin-
formatic analyses on lung adenocarcinoma cells, following
mastic-oil treatment.31 The researchers identified potential
novel target molecules and pathways underlying mastic oil
inhibitory actions on tumor cell growth and survival. Such
high-throughput studies can help us understand further the
pleotropic actions of MG and its constituents.

In conclusion, Chios MG administered in low dosages
appears effective in improving the disturbed glucose and lipid
levels of the experimentally diabetic mice. Further, hepatic
damage is alleviated during MG administration. Chios MG
should be further investigated in future studies for its me-
dicinal effects as a potent natural antidiabetic agent.
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