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ABSTRACT

The biological activity of the saliva
from five different chewing gums, col-
iected from six healthy volunteers, on
the inhibition of low density lipoprotein
\LDL) oxidation. produced in vitro by
copper ions, was demonstrated ang
quantitalively expressed as % protec-
i tion (% Pr). Vitamin E (20 uM, 71.7%
. Prj, extract {rom the spearmint plant
! {50 mg, 63.0% Pr} and different con-
centrations of BHT synthetic antioxi-
dant {0.014 ug/mL, 9.7% Pr) were used
for comparisons. Chewing quantities
{0.6, 1.5 and 3 g} and length of chew-
ing time {first 0.25, 1, 3 h, between
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RIASSUNTO

E stata dimostrata Pattivita biologica
della saliva da cinque diversi tipi di cin-
gomme da masticare, prelevata da sei
volontari sani, sull'inibizione dell'ossida-
zione delia lipoproteina a bassa densita
LDL, prodotta in vitro da ioni di rame
che ¢ stata espressa quantitativamente
come la protezione % (% Pr). Song state
usate per confronto vitamina B (20 uM,
71,7% Pr}, estratia dalle piante di men-
ta verde {50 mg. 63.0% Pr) e le varie con-

centrazioni dell'antiossidante di sintesi |

BHT (0,014 pg/ml, 9,7% Pr). Sono sta-
te valutate delle quantita di gomme {0.6.

1.5 ¢ 3 g} e lunghezza del tempo dima- |
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| 0.25% and 3* h or between 6% and 7

h} were evaiuaied. Under the usual
chewing conditions {1.5 g, 1 h} crude
Chios mastic gum was found to be the
most effective {74.6% Pr) followed by
commercial Chios mastic gum {64.3%
Pr} and spearmint-flavored gum (61.2%
Pr}, while the strawberry-flavored gum
had a low effect {11.5% Prj. Biological-
ly active substances present in Chios
mastic gum (3 g} extracts and in the
respective saliva {1 h chewing] werc
characterized as (poly)phenolic comi-
pounds in guantities of 0.3 and 0.2 mg,
respectively.

sticazione {ail'inizio 0.25, 1 ¢ 3 ore, ita -
0,25 fino a 3 ore e fra 6,0-7,0 ore). Sott

condizioni normali (1,5 g. 1 ora), é stata
trovata che la pura mastica Chios € ia
pit effettiva {74,6% Pr} seguita poi dalia
mastica commerciale Chios {(64,3% Pr}
e poi dalle cingormnma aromatizzaic al
mentolo (61.2% Pr), mentre si é dato alla
cingomma aromatizzata alla fragola un
effetto basso {11,5% Pr). Le sostanze bio-
logicamente attive presenti negli estrat-
ti nella gomma {mastica) Chios (3 g ¢
nella rispettiva saliva {1 ora di mastica-
zione] sono state caratterizzate come
composti {polijfenoiici in guantita di 0,3 |
e 0.2 mg, rispettivamente.

INTRODUCTION

There is increasing evidence that the
association of bicod total cholesterel with
coronary heart disease appears to derive
chiefly, if not entirely. {from the low den-
sity lipoprotein {LDL} fraction with which
it is highly correlated (GOLDSTEIN and
BRCWN, 1997}, Furthermore, the oxida-
tively modified LDL stimulates the for-
mation of foam cells, which lead to the
iormation of atherosclerotic plagues
(STEINBRECHER ef al., 1990). Adequate
dietary iniake of antioxidants can help
inhibit LDL oxidation and thus the de-
velopment of atherosclerotic lesions.

The Mediterranean diet, rich in olive
oil and in natural antioxidants {polyphe-
nels, vitamins C and E, carotenoids)
{(BOSKOU, 1996a), has been shown to
play a protective role against cardiovas-
cular disease. For exampie, several
poiyphenols of the phenolic fraction of
olive oil (VISIOL! and GALLI, 1954; VISIO-
Ll ef al., 19588} and red wine {(FUHRMAN
et al., 1995; KERRY and ABBEY, 1997)
have been shown to inhibit the in vifro-
induced LDL oxidation by metaliic ions,
while aqueous extracis of edibie herbs
from Crele, rich in polyphenols, have
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been shown to protect cultured iung cells
from in vitro oxidation (LIONIS et al.
1998).

Crude Chios mastic gum is a natural
resinous exudate obtained from the mas-
tic tree {Pistacia lentiscus var. Chia cr.
Anacardiaceae), which grows almost ex-
clusively on the island of Chios, Greece.
It is obiained by making iongitudinal
incisions at close intervals from the base
of the trunk up to the thicker branches.
The resin has been used in traditional
medicine for the treatment of various
diseases such as gastralgia, dyspepsia
and gastric ulcer (AL-SAID et al., 1986).
whiie its definite antibacteriai activity
against Helicobacter pylorihas been weil
documented {HUWEZ et al., 1998). In food
processing it has been proven useful as
a food preservative (WILLBLOCK, 1989
and antioxidant (ABDEL-RAHMAN and
SOAD, 1875). Crude Chios mastic gum
is supplied commercially either in the
crude form as white or light yellow jelly
crystais {1-10 mm diameter) or as sug-
ar-coated or sugar-frec chewing packs
(1.5 g each). Other commercial chewing
gums, alse in 1.5 g packs, as sugar-iree
or sugar-coated forms, usually do not
have a natural base; the majority of them



consist of synthetic polymeric bases, fla-
vorings and other additives.

Miilions of people chew commercial
chewing gum every day. swallowing a
considerable amount of saliva enriched
with the extracts of the substances con-
tained in the chewing materials. The
possible positive or negative in vitro bio-
logical effect of this action against LDL
oxidation was evaluated in the present
study.

MATERIALS AND METHODS
Mafterials

All reagents were of analytical grade
and solvents were of high performance
liquid chromatography (HPLC) grade.
Sterilized LDL lyophilised from 1 mL of
LDL solution in 0.15 M NaCl and 0.C01%
EDTA at pH 7.4, with 6.3 mg protein per
400 mg LDL and phosphate buffer saline
(PBS) tablets were purchased from Sig-
ma (St. Louis, MO). Vitamin E (85%, pre-
pared from synthetic phytol) and butylat-
ed hydroxytoluene (BHT) were alse from
Sigma. Malonaldehyde was from Aldrich
{Steinheim, Germany). Thiobarbituric
acid (TBA) was from Serva (Heidelberg,
Germany). Folin Ciocalteau reagent was
irom Merck (Darmstadt, Germany). Plant
spearmint was purchased from a local flea
market in Kallithea {Athens, Greece).
Chewing gums in commercial packs of
approx. 1.5 g (sugar-free or sugar-coat-
ed} were bought from local stores in Ka-
llithea. while the crude Chios mastic gum
{jelly crystals} was kindly donated by the
Mastic Gum Growers' Association (Chi-
o0s, Greece). The spearmint-flavored chew-
ng gum consisted of edulcorantes (man-
itol, sorbitol, xylitol, aspartame and ake-
sulfame K), gum base, E322 (lecithin),
£422 (glycerine), E321 (BHT) and spear-
mint flavor. The strawberry-flavored
chewing gum consisted of the same edul-
corantes and gum base. plus E32 1, E322,

E422, E330 (citric acid). E296 (malic

acid), E334 {tartaric acid], E472a (acetic
acid esters of mone- and di- glycerides;
and strawberry fiavor.

Szaliva collection

The Research Commitiee of the Ha-
rokopio University (Athens, Grecce} ap-
proved the protoco! for saliva collection.
Saliva was collected at a dental clinic
from six 25 to 65-year-cld non-smok-
ing, healthy volunteers with good mouth
hygiene. Before being checked by the
dentist, the participants had breakfast
and brushed their ieeth. Afterwards,
they performed the chewing test, dur-
ing which time eating, drinking or any
other activities, except reading maga-
zines, were not allowed. The tests took
place on different days. All six volun-
teers participated in Tests No. 7 and 13
{Fig. 1}, while five of them participated
in Test No. 6 and only four of them in
Tests No. 8-12, 14 and 15. All the lests
were performed once for each volunteer.
Several combinations of lengths of
chewing time and chewing quantities
were investigated. The saliva was not
swallowed, but was collected in steri-
lized 20 mL glass tubes with glass cups.
in volumes of approximately 15£2 mL
during the first 15 min {0.25 h)} of chew-
ing, 40+5 mL during the first hour (1.0
h} of chewing or between the 6% and 7
hours of chewing, {6.0-7.0 h) and 60+5
ml daring the lengths of chewing time
between 15 min and 3 hours {0.25-3.0
k) and 75+5 mL during the entire peri-
od of chewing between zero-time and 3
hours {3 hj (the times given in paren-
theses are the denotations used here-
after). In accordance with a previous
study (BOROS et al., 1999} the gum
chewing stimulation, which was com-
mon to all subjects. tended to minimize
the differences in the raie of fiow of sa-
liva between the subjects. Tcsts No. 8
and 10 were performed on the same day
and the saliva secreted during 0.25 h
was collecied separately from saliva se-
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creted during 3.0 h. The same proce-
cure described above was followed for
Tests No. 11 and 12. For Test No. 1
which was defined as "blank saliva” iest,
secreted saliva was collected only dur-
ing the last hour of a total seven-hour
period of chiewing. The saliva samples
coliected were inunediately evaporated
under a stream of nitrogen and evapo-
ration was accomplished in a 37° C
water bath. ai a raie of approximately
5-6 mL per hour. The walls of the tubes
were washed down with small volunes
of ethanol and evaporated again. The
residue was taken up in 0.01 mbL etha-
nol and afterwards subjected to the LDL
oxidation tesi.

LDL biological (ests

LDL was kept at 2°C and its working
suspension (200 ug protein/mL PBS)
was prepared just before use. These pre-
cautions were taken since commercial
LDL might be less stable than fresh LDL
isolated from freshly drawn biood. The
LDL oxidation test (LDL-ox) was per-
formed as described by BALLA ef al.
(1991) with slight modifications. In brief,
1.0 mL of LDL working solhiution was
mixed with 1.0 mL CuSO, {10 uM) as
oxidizing agent., incubated at 37°C for 1.
3 and 6 b, and the resulting thiobarbi-
turic acid reactant substances {TBA-RS),
mainly malonaldehyde, were measured
spectrophotometrically at 532 nm, after
reaction with 2 ml of 1% alkaline TBA
solution. Thiobarbituric Acid Reactive
Substances {TBA-RS) were evaluated us-
ing a standard curve of standard
malonaldehyde at different concentra-
tions versus absorption at 532 nm. An
LDL-blank test was also performed with-
out the presence of copper ions. The LDL-
ox and LDL-blank tests [Tests No. 1 and
16, respectively. Table 1) were carried out
four times.

In Tests No. 2-15. the samples test-
ed (saliva residues or standard sam-
ples of spearmint plani extract, vita-
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min E and BHT) were added as 0.01
mL ethanol solutions with simuliane-
ous addition ol 0.99 mlL CuSO0,, (in-
stead of the addition of 1.0 mL only in
the LDL-ox test described above). Sali-
va residues collected during Tests No.
2 (Table 1) and 6-15 (Fig. 1) were cx-
amined against LDL oxidation onece,
while Tests No. 3, 4 and 5 of reference
samples were tested four times. The
aforementioned 0.01 mL ethanol in the
test mixture was found to exhibit no
elfect on the test results, which is in
agreement with GORDON and WENG
{1992).

Polyphenolic content

Total polyphenol content of saliva res-
idue ethyl-acefate extract (3x5 mbL) and
of methanol /water (6:4, v/v) extracts {3
x 3 mij from crude Chios mastic gum
(0.5 g] and plant spearmint (0.5 g) were
measured spectrophotometrically, uas
previously desceribed (GUTFINGER, 1981).
In brief. the above extracts were evapo-
rated under a stream of nitrogen and the
residues were diluted in 1 mlL of ethyl-
acetate or methanol, respectively. A por-
tion of 0.1 mL of the 1 mL solutions re-
acted with the Folin Ciocalteau reagent
and the products were measured spec-
trophotometrically at 725 nm. The re-
sults, expressed as ppm of calfeic acid,
were calculated using a standard curve
of caffeic acid in different concenirations
(0-200 ppm) versus absorption at 725
nm. HPLC of the polyphenols from the
saliva and crude Chios mastic gum ex-
tracts was performed according to a qua-
ternary solvent gradient method, as pre-
viously described [ANDRIKOPOULOS et
al, 1989).

Statistical analysis

Statistical treatment of the resuits was
performed by standard methods of statis-
tical analysis (WALPOLE and MYERS, 1978).
using a computer program for commuta-



Table ] - inhibitory effect against in vitro LDL oxidation

(26 Prl of Chios mastic gum [CMG) saliva residues (SR

. expressed as TBA-RS {uM). and % Protection

Test Sampies incubation period J
{ No. ih Sh 8h 5
£ :
[ 4 LDL-ox TBA-RS 141240202 2204:0352  2.804-0.345 |
 {n=a)" TBA-RS nei*® 14120292 2.193:0.437 2.471:0.387 |
] .
P2 SR, blank- TBA-RS 1.386:0.208 227840479 2672:0.258 |
L in=4y saiiva® TBA-RSnetst  1.396:0.206 2.179:0.544 2448:0.308 |
g % Py s 1.1225.7 0.6£31.8 09+188 |
|' |
‘9 SR after TBA-RS* 0.835+0.250 1.050£0.307 1.05020.355 J*
| {n=4}" chewing ;
: (10h) TBA-RSnet*®*  (,835:025C 0.950:0.402 0.882:0.206 |
i CNG (1.5 g), suger !
{ Cogied I
g % Pras 40.8:27.2 36.7:27.0 84.3:224 |
4 .
15 SR after TBA-RS® 0.700=0.288 0.740:0.027 (.850:0.358 |
| {n=d4) chewing
| (1.05) TBARSnet™*  0700:0.282  0840:0280  0.627:0.399 |
; crude CMG (1.5g) |
i % Pras 50.4+29.0 70.8423.1 7468225
|16 5L~ TBA-RS® 0.000:0.001 0.160+0.259 0.223:0.175 |
(=)t biank E
e
| Significance tests {~Tests)

TestiversusTestS p<C000007 5 <0.000003 p < 0.0000002

TestiversusTest 15 p< 000003 1 <0.00006 p < 0.0600003

TBA-RS = thiobarbituric acid reactant substances,
* n=number of replications.
* n=number of suibjecis.

For % Pr, LDL-ox Test, LDL-blank Test and = Fsuperscripts see "Materiais and Methods™ section.

; *Saliva collected during 8.0-7.0" h of 2 total seven-hour continusus chewing of 3.0 g sugar coated CMG.

B

tions (ANCVA Toolkit application of MS
Excel}. The results in Table 1 are presenti-
ed as 99% confidence intervals, calculat-
ed using the following formuiae {in the
order of “™ ¢ superscripts in Table 1):

" TBA-RS £ (89% Confidence Limitsj,
f99% Confidence Limits] = Laasl i mie

b TBE;—RSnmz TBA-RS - ?“BA—RSEE
SD net £ {SDs2 * SD:GQ:! iR

and {99% Confidence Limits)
=L X80 /nR

& net

L

aet

©94Pr,= (% Protection of test ) =
=(IBARS  -TBA-RS  x100/TBARS
%SD,=(SD_,,2+SD__ % x 100 /
KIB&-RSneL I
and {99% Confidence Limits}, =
=, X %30 £ n'

where: the subscript iis the serial number
of the test {see first column of Table 1)
TBA-RS = mean value of TBA-RS ob-
tained in Test No. & SD, = standard devi-
ation of all the experimental TBA-RS val-
ues of Test No. i [so SD_/ n'? equals the
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Fig. 1. - Protective (%} effect of {4] reference substances, {B] chewing gum saliva residues and (C) Chios
masiic gum saliva residues, against the in vitro LDL oxidation.

04 Dr 9% Protection based on resulls of 8 h-incubation {see Table ! and “Statistical analysis” subsec-
Hon). The quantities {g) of gums used for chewing and the respective lengths of chewing dme fh are
given above the bars. BHT: Butyi-hydroxy-toluene, 0.028 ug in the test cuvelle {equivalent to 200 ppm
in chewing gum transferred in biood circulation). Vit E: Vitamin E, 20 oM in the test cavelie. Tesis No.
1 (LDL-ox] and No. 16 {LDL-blank] exhibited the lowest and highest % Pr, respectively, and were used
as the lower and upper limits for the evaluation of the other Tests (No. 2-13

“The 99% confidence limits {computed as described in the subscetion “Statisiical Analysis’) are as fol-
lows: Test No. 2 = +16.8; Test No. 3 =+20.1; Test No. 4 =+19.6; Test No. 5 = £19.6; Test No. § =+20.1;
Test No. 7 = +20.9- Test No. 8 = £20.7: Test No. 9 = £22.4; Test No, 10 =+20.1:Test No. 11 =% 15.5; Test
Nop, 12 = +20.1; Test No. 13 = £26.3; Test No. 14 = £3D.0; Test No. 15 = £22.5.

standard deviation of the mean value
TBA-RS; t = critical t-distribution fac-
tor for v = {nn - 1} degrees of freedom and
100 {1 - 2c) % confidence {e.g. for 99%
confidence limits applied throughout the
present report, v={n-1i}=3 and {_,
5.841); TBA-RS_, ,and 8D _ = respec-
tive values of the net of Test No. { oxida-
tion derived by subtracting thc mean
value of TBA-RS of the LDL-blank from
the respective mean value of Test No. &
and, %Pr and %SD, = respective “reiative”
values of the percent protection of Test
No. i % Pr is an indicative value express-
ing the relative inhibitory action of sali-

va, collected after chewing gum i, on the
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LDL oxidation produced in vitro by cop-
per ions {Test No. 1.

Thus. e.g. for Test No. @ (6 h incuba-
tion):

Average TBA-RS = 1.050, 8D =0.1215
and 99% Confidence Limits for TBA-RS,
= (5.841 x0.1215} / 2 = 0.365. Net oxi-
dation TBA-RS__, , = {l 050 - 0.223)
0.882,8D _ ,=10.12 152 + 0.0599%)V2 =

7

0.1350, and 99% Confidence Limits fo

TBA-RS,, ,= {0.1350 x 5.841) / 2 =
0.396. % Pr = (2.471 - 0.882) x 100 /
2.471 ~ 64.3, %SD, = (0.1350? +

0.13263Y2 x 100 / 2.471 = 7.658, and
98% Confidence Limits for% Pr, = (7.658
x 58411 /2 =224}



RESULTS AND DISCUSSION

The biological tests for two represent-
ative saliva residue samples afier chew-
ing different Chios mastic gums under
the usual chewing conditions (1.5 ¢. 1.0
h}, are presented in Fig. 2, together with
the LDL-ox test, the “blank-saliva” test
and LDL-blank test. The protecting ef-
feet of the saliva residue from Chios
mastic gum is evident. The “blank-sali-
va® results are reporied, because, after
six hours of continuous chewing, ali the
biologically active compounds from the
mastic gum are expected to be swal-
lowed. This was conlfirmed by the ab-
sence of any protective effect on LDL
protection from the respective saliva se-
creted between the 8% and the 7® hour
of continuous chewing. This is also in-
dicative of the upper limit of length of
chewing iime, beyond wiich the protec-
tive effect is negligible. The choice for the

L

, m———Tegt Mo 1
o———=Test No 2
[Pz TRt NG
P Test No i
: Test No 16

-

=

—

-}

=

&

= !

- ‘
% T e
0.4

collection of the saliva secreted during
chewing as “blank saliva”, instead of the
resting saliva, was made, because the
masticatory movements provide stimuli
to the human parotid gland, which en-
hances saliva secreiion (KERR, 1960).
More importantly, mastication produc-
es almost the same amount of secretion
among the subjects under a certain stim-
nlation {BOROS et al., 1989). In Table 1
the percentage of protection {% Pr) cal-
culated for some indicative samples of
saliva residues from Chics mastic gum
are also presented. After six-hours of
incubation, TBA-RS values tended to sta-
bilize {data not shown). thus no further
incubation times were used. Therefore,
the % Pr refers to 6 h incubation time.
The protective effect against the in vit-
ro LDL oxidation of the saliva residues
from six volunteers after chewing five
different chewing gums, in different
quantities and for different lengths of

Incubation time (h)

Fig. 2 - Biological activiiy {TBA-RS] against copper sulfate induced LDL oxidetion of representative
sampies of Tabie 1: Test No. 1 = LDL-ox: Test No. 2 = SR “blank-saliva”; Test No. 8 = SR from CMEG.

sugar coaled; Test No.
conditions as in Tabie 1.

15 = SR from crude CMG: Test No, 16 = Lidi-blank, Abbreviations and other
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dme. is reported in Fig. 1. Equal chew-
ing amounts and lengths of chewing
time of the chewing gums examined {1.5
g. 1.0 h} showed that the crude Chios
mastic gum {Test No. 15) gave the high-
est protective activity on LDL oxidation,
followed by the sugar-ccated Chios
mastic gum {Test No. 9}, the commer-
cial spearmint-flavered gum (Test Ne.
7) and the commercial strawberry-ila-
vored gum {Test No. 8). The inhibitory
effect of the spearmint-flavored gum is
probably due to the spearmint, as
shown by the percentage protection of
Tests No. 7 and 4. Since the BHT con-
tent was not reported on the spearmint-
flavored gum label, the additive was
tested against LD oxidation in the dif-
ferent final concentrations 0.014, 0.035,
0.07, 0.14, 6.28 and 0.56 ug/mi. These
concentrations correspond to a possi-
ble migration of BHT in human blood
(4.5 L) circulation {200 mg LDL / dL
blood} from 20C, 50C. 1.0600, 2.000.
4,000 and 8.0C00 ppm BHT in gum, re-
spectively. These BHT concentrations
exhibited dose dependent % Pr values
as follows: 9.7£20.1, 14.3z21.6,
22.7520.1, 28.7:19.5, 47.9+£19.5 and
55.6+19.8, respectively. The 200 ppm
concentration was the most appropri-
ate for compariscn, since it represents
the usual upper limil in foods. It seems
that the spearmint flavor contributed
the most to the inhibitory effect, unless
the BHT in the gum was close to the
unusual 8000 ppm concentration.
Whether the E422 {glycerin} additive
contributed to the antioxidant activity
requires further investigation. The E322
{lecithin) additive, which is also con-
tained in the sirawberryv-flavored gum,
appeared lo have a negligible effect,
along with the sirawberry-flavored gum
{Test No. 6] which had only 11.5% Pr.
the lowest among the tested gum saliva
residues,

Comparing the different chewing
quantities {Tests No. 13 and 15] on: the
% Pr effect under similar conditions in-
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dicated that the protective effect depends
on the chewing quantity. Thus, an In-
erease in the chewing quantity of crude
Chios mastic gum (jelly erystals} from 0.6
g to 1.5 g resulted in an approx. 54%
higher protective effect. For comparable
quantities and types of Chios mastic guin
{2 packs = 3 g, sugar-coated], by com-
paring the effects during the first .25 h
of chewing {Test No. 10} with those in
the period between 0.25 and 3.0 h of
continuous chewing {Test No. 8}, 58.7%
of the protective compounds were elut-
ed from the chewing material during the
first 15 min of chewing. These results
are almost identical to the resulis ob-
tained in Tests No. 11 and 12 {59.3%),
using sugar-free gum under respective
chewing conditions. By also taking inte
account the resuits of Tesis No. 13 and
14, it appears that about 85% of the pro-
tective substances are eluted from the
chewing material during the first hour
of chewing.

Comparing Tests No. 8and 11 {0.25-
3.0 h chewing) and Tests No. 10 and 12
[0.25 h chewing). it can be concluded
that after chewing 2 packs of commer-

ial Chios mastic gum, the sugar-free
gum gave approx. 5% higher protection
against LDL oxidation than the sugar-
coated gum. Since the sugar-free Chios
mastic gum also has a ccating of natu-
ral sweeteners. it still has to be investi-
gated if the slight variation is due to the
sugar or the sweeteners. Additionally.
in comparing Tests No. 9 and 13 the
commercial and crude Chios mastic
gum gave similar % Pr. The slight dif-
ference (10.3%) is probably due to the
siight differences in weight {approx. 1.5
gj or the additives in the sugar-coated
pack.

The inhibitory effect of Chios mastic
gum (Test Ne. 15) under the usual con-
ditions of chewing was found to be ai-
most equal to that of the optimum dose
of vitamin E (Test No. 5} (GORDON and
WENG 1992). After six hours of chewing
{and probably much earlier]. all the bio-



logically active subsiances in Chios mas-
tic gum had disappeared {Test No. 2 also
indicating that pure saliva has no pro-
tective effect on LDL oxidation.

The active substances in Chios mas-
tic gum and in saliva after chewing Chi-
os mastic gum were isolaled by scivent
extraction. In these extracts the presence
of phenclic compounds was determined
colorimetrically, while the similarity of
the individual phencls in both extracis
was proven by the same peak sequence
and retention times after HPLC analysis
{data not shown). HPLC peak identifica-
tion is now in progress, combined with
the respective bicavailabilities, and the
results will be published in the future.
Both exiracts aiso exhibited biological
activity in LDL oxidation tests, compa-
rable to Tests No. 9 and 15 in Fig. 2.

Total polyphenois (0.8 mg} from Chi-
os mastic gum (3 g. 2 packs] were com-
parable to the amount {0.2 mg} found in
the saliva from chewing the same
amount of Chios mastic gam {3 g, 1 h
chewing). The latter corresponds to 0.1
mg polyphenols from 1.5 g. 1 h chewing
{64.3% Pr. Test 9).This is almost equal
{o the amount of polyphenols estimated
{0.066 mg) in the 50 mg of spearmint
plant extract {63.0% Pr, Test 4). This in-
dicates a possible relationship between
the perceniage protection and the
polyphenol content in botlx Chios mas-
tic gum and the spearmint plant extract.

Recently, a distinct effect of several
polyphenol-rich extracts of Chios mas-
tic gum against in vitro LDL oxidation
has been documented (ANDRIKOPOULOS
et al., 2002). Compared to olive oil, which
is the main source of fat in Mediterrane-
an countries {20-40 g olive oil/day/per-
son} and which is known to be rich in
polyphenols (50-200 mg/kg) (BOSKOU,
19066aj, the phenolic contribution of
Chios mastic gum to the daily intake of
phenols is indeed vaiuable. It amounis
to approximately 10% of that from olive
oil, considering that the amount from
olive oil is 1 [VISIOLI et al., 1988) to 2

mg/day/person (BOSKOU, 1998b}. in
addition, chewing two packs of Chios
mastic gum amounts to 1-5% of the over-
all daily intake of polyphenols, when con-
sidering an intake of 23 mg flavonols/
day/person (HERTOG et al., 1993], bk
guite a bit lower when considering 1 g/
day/person (SCALBERT and WILLIAM-
SON, 2000). In Mediterranean countries,
the dietary antioxidanis. when con-
sumed over long time periods, have been
suggested as being able to reduce mor-
tality due to cardiovascular heart disease
(HERTOG et al., 1993].

These findings support the relation-
ship of Chios mastic gum to the benefi-
cial effects of the polyphenol-coniaining
foods and beverages e.g. olive oil, wine,
herbs and species and other vegetabies
most of them present in the Mediterra-
nean diet. For example, the protection
of LDL by olive oil polyphenois has been
well documented by in vitro experiments
{(VISIOLI and GALLI, 1984} and by ex-vivo
experimentis on rabbits (WISEMAN et al.
1896) and humans [AVIRAM and EIAS,
1693). Other polyphenolic compounds
isolated from black or green fea extracis
(YANG et al., 2000) and {rom human sa-
liva after consumption of tea (YANG ei
al., 1899a) have also been reported with
biological activities, in vifro e.g. in can-
cer prevention. Bivavailability of olive oil
polyphenols has been partially estimat-
ed for tyrosol (MIRO CASAS et al., 2001;
VISIOL! et al., 2000} and hydroxytyrosol
(VISICLI et al.. 2000) and for tea polyphe-
nols for catechins (YANG et gL, 1999Db).
The aforementioned biological properiies,
combined with respective bicavailabili-
ties, whenever demonstrated unequivo-
cally in vivo, may partially explain the
beneficial effect of phenolic and polyphe-
nolic compounds, as already pointed out
by SCALBERT and WILLIAMSON (2000}
Until now. estimation of some ceriain
biological activities in vifro remains the
only evidence for a possible link between
the phenolic content of Chios mastic gum
and health benefits, while in vivo and ex
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vive investigations are an area with
promising prospects,

Chios mastic gum is a local Mediter-
ranean product and, apart from its con-
sumption as chewing gumni, also has sev-
eral other uses, especially in Greek,
Turkish and Arabic cooking, e.g., in
powder form as a food additive, in the
form of a sugar containing gel as a la-
ble-sweetener and in the form of mas-
tic oil as a beverage and sweet additive.
[t would be expected that these uses of
Chios mastic gum would give greater
protective activity than chewing gum,
as in these cascs the gum is directly
swallowed. Nevertheless, saliva from
chewing could also be considered to
make a marked contribution to the av-
erage intake of Chios mastic gum pr
ucts, because for many people chewing
is a daily habit in contrast to the other
produets, which are consumed oniy oc-
casionally. The polyphenolic intake from
chewing C‘lios mastic gum also has the
a{ivantage of the "net intake” e.g. wilh-
out the triglyceride content of olive oil,
which contribuies to the daily intake of
lipids.

CONCLUSIONS

In conclusion, saliva secreted during
chewing of erude Chios mastic gum was
proven to be the most effective in pro-
tecting LDL from in vitro oxidation, com-
pared Lo other commercial chewing gums
with synthetic polymeric base and fla-
vor/antioxidant additives. To obtain the
greaiest possible health benefits, the
iength of chewing tirne should be over
15 min, though not more than 1 h.

ACEKNOWLEDGEMENTS

The authors ihank dentist Panagiotis A, Stefas
IMDS) for his kind assistance in providing suf-
ficient facilities to volunteers and Prof. Vassil-
fos M. Kapouias for his valuable comments on
the text.

288 i@l J. Food Sci, n. 8, vol, 14 - 2002

REFERENCES

Abdel-Rahman AH.Y. and Soad AM.Y. 1975, Mas-
tich as antioxidant. J. Am. Oil Chem. Sod.
52:423.

Al-Said M.8., Aggel AM., Parmar N.S. and Tarig
M, 1986. Evaluation of mastic. a crude dn.s;
obtained from P:s;acra lentiscus for gastric and
duodenal anti-uleer activity. J. Ethnopharma-
col. 15:271.

Andrikopoulos N.K., Brushweiier H. Felber, H. and
Taeschler C.h. 1988. HPLC analysis of phenoi-
ic antioxidants. tocopherols and trigiveerides.
J. Am. Oil Chem. Soc. 68:358.

Andrikopoulos N.K., Kaliora A.C., Assimopoulou
AN. and Papageorﬁmu V.P. 2002. Biological
acitivity of some naturally occuring resins, gvmﬂ
and pigments against ihe i pifre LDL oxida-
tion. Phviother, Res. In press.

Aviram, M. and Eias K. 1993. Dietary olive oil re-
duces low-density lipoprotein uptake by mar::—
rophages and decreases the susceptibility of the
lipoprotein to undergo lipid pf-rcxidat,o... Anri.
Nuirn Metab. 37:75.

Balla G., Jacob H.5., Eaton JW. and Vercellotti
G.M. 1291, Hemin. A possible physiclogical
mediator of low densily lipoprotein exidaiion
and cndothelial injurv. Arterioscler. Thromb.
11:1700.

Boros 1. Keszler P. and Zelles T. 1989, Study of
saliva secretion and salivary fluoride concen-
tration of the human munor labial glands by a
new method. Arch. Oral Biel. (44 Suppl.] 1: 559.

Boskou [2, 1998a. CGlive oil compoesition. In “Olive
Oifl. Chemistry and Technology™. . Boskou
{Ed.}: p. B2. AOCS Press. Champaign (ILL

Boskou D. 1998b. History and characteristics of
the olive tree. In“Olive Oil. Chemisiry and Tech-

nology”. D. Boskou {Ed.). p. 1: ACCS Press
Champaign [IL}.
Fuhrman B., Lavv A. and Aviraiz M. 1895, Die-

tary supplementation of red W""‘" T'cc:ucea. ithe
susceplibility of human plasma and LDL to un-
dergo lipid peroxidation. Am. J. Clin. Nuir,
61:039.

Goldstein J.L. and Brown M.S. 1897, The low-den-
sity lipoprotein pathway and its relation to
atheroscicrosis. Ann. Rev. Biochern. 46:897.

Gordon M.H. and Weng X.C. 1992. Antioxidant
properties of extracts from tanshen (Salvia mili-
orrhiza Bunge). Food Chem. 43114,

Guifinger T. 1981. Polyphensls in olive ofl. J. Am.
Oil Chem. Soc. 58:866.

Hertog M.L.G., Fescens E.J.M, RKatan M.B, a:
Kromhout 2. 1993, Dietary antioxidant flavo-
noids and risk of coronary heart disease: the
Zutphen elderly study. Lancel 342:1007.

Huwez F.U., Thirlwell D, and Al'Aldeen D.AA. 1998,
Mastic gum kills Helicobacter piylori New Endi,

J, Med. 33 1946,



