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1,8-cineole protected human lipoproteins from modification by 
oxidation and glycation and exhibited serum lipid-lowering and 
anti-inflammatory activity in zebrafish
Kyung-Hyun Cho1,2,* 
1School of Biotechnology, 2Research Institute of Protein Sensor, Yeungnam University, Gyeongsan 712-749, Korea

We recently reported that a water extract of laurel or turmeric, 
1,8-cineole enriched fractions, showed hypolipidemic activity 
in the zebrafish model. Therefore, the present study inves-
tigated the cineole’s anti-oxidant and anti-inflammatory activ-
ities in lipoprotein metabolism in vitro and in vivo. Cineole 
had inhibitory effects on cupric ion-mediated oxidation of lip-
oproteins in general, while simultaneously enhancing ferric ion 
removal ability in high-density lipoprotein (HDL). Hypercholes-
terolemia was induced in zebrafish using cholesterol-feeding 
treatment, 4% cholesterol, for 3 weeks. After feeding with or 
without the addition of cineole, the results revealed that cin-
eole possessed lipid-lowering and anti-inflammatory activities 
in hypercholesterolemic zebrafish. In addition, serum amyloid 
A and interleukin-6 levels were lowered and lipid accumu-
lation was decreased in the liver. Conclusively, 1,8-cineole was 
found to have anti-oxidant activities in lipoprotein metabolism 
both in vitro and in vivo with simultaneous reduction of lipid 
accumulation in the liver of zebrafish. [BMB Reports 2012; 
45(10): 565-570]

INTRODUCTION

The 1,8-cineole-enriched fraction, which is the major ingredient of 
the hydrophilic extract from turmeric and laurel leaf powder, has 
potent inhibitory effects on fructose-mediated glycation (1). The 
cineole-enriched fraction, derived from cinnamon and clove, also 
has strong anti-oxidant potential and in vivo hypolipidemic activ-
ity (2). These results are in concordance with a previous report that 
revealed that cineole-enriched fractions are potent inhibitors 
which can be used to decrease the incidence of diabetes mellitus 
and atherosclerosis (3). In order to verify these results, we tested 

the antioxidant, anti-inflammatory, and anti-atherosclerotic activ-
ities of pure 1,8-cineole in vitro and in vivo by specifically analyz-
ing its effects on lipoprotein metabolism. To date, there have been 
no studies addressing the anti-atherosclerotic activity and lip-
id-lowering effect of pure cineole. This study provided evidence of 
a beneficial effect of cineole in lipid metabolism using zebrafish as 
a vertebrate model since lipid and lipoprotein metabolism of ze-
brafish is known to be similar to humans (4). Also, zebrafish has 
been used as a useful and popular animal model for several meta-
bolic diseases including diseases of the brain and cardiovascular 
system as well as aging and inflammation (5, 6). In this study, we 
used a hyperlipidemic zebrafish (Danio rerio) model, in which hy-
percholesterolemia was induced by a high cholesterol diet (HCD) 
to mimic early atherogenesis and concurrent complications, as 
suggested by the Miller group (7). We recently reported that athe-
rosclerosis and hypercholesterolemia were induced by feeding a 
HCD to adult zebrafish for several weeks (1, 2, 8). 
　Among lipoproteins, low-density lipoprotein (LDL) is the major 
cholesterol carrier in the human blood. Unlike native LDL, oxi-
dized LDL (oxLDL) is notorious for cytotoxicity and as a potent in-
flammatory molecule in atherosclerosis-related vascular and coro-
nary events (9). High-density lipoprotein (HDL) exerts anti-athero-
genic functions including antioxidant, anti-inflammatory, and an-
ti-thrombotic effects (10, 11). However, the beneficial effects of 
HDL can be diminished via interaction with reactive oxygen spe-
cies (ROS) and oxLDL-induced inflammation (12). 
　Accumulating evidence suggests that protein glycation and pro-
duction of advanced glycated end (AGE) products are an important 
molecular basis of diabetic complications (13). Furthermore, 
Younis et al. (14) reported that small dense LDL, which is partic-
ularly associated with the development of coronary heart disease 
(CHD), is preferentially glycated in non-diabetic human serum. 
Cineole is also known as eucalyptol, the major oil component of 
eucalyptus (15). Although cineole was detected in a hydrophilic 
extract, it is a water-insoluble and colorless liquid with a cam-
phor-like odor with a spicy and cooling taste (16). In the present 
study, we tested the physiologic activities of 1,8-cineole with re-
spect to anti-atherosclerotic and anti-inflammatory activities using 
a hypercholesterolemic zebrafish model. 
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Fig. 1. Representative electrophoretic 
patterns of oxidized HDL3 under the 
presence of cineole at 37oC for 4 hr 
(panel A) and 8 hr incubation periods 
(panel B) from three independent ex-
periments. Lane M, low-range molec-
ular weight standard (Bio-Rad). 

RESULTS

Cupric ion-mediated LDL oxidation was inhibited by cineole
Cupric ion-treated LDL showed the fastest elevation of conjugated 
diene levels (Abs 234 nm); specifically, the elevation was 2.2-fold 
higher than the initial level at 40 min of incubation, while native 
LDL in PBS or ethanol (final 10%) concurrently showed an increase 
of A234 without cupric ion treatment (Suppl. Fig. 1A). Treatment 
with cineole resulted in inhibition of oxidation in a concen-
tration-dependent manner as shown in Suppl. Fig. 1A. At 40 min, 
38% and 25% inhibition was observed with cineole treatment at 
0.1 mg/ml and 0.01 mg/ml (final concentration), respectively. 
Without cupric ion treatment, LDL showed an increase in A234 in 
the presence of ethanol (10%, final concentration) after a 60 min in-
cubation period, indicating that ethanol caused more oxidation via 
putative protein denaturation. 
　In order to confirm the spectroscopic data, the reaction mixtures 
were subjected to electrophoresis on a 0.5% agarose gel to com-
pare their electromobilities. Oxidized LDL (oxLDL) had an in-
creased negative charge and a reduced size as a result of apo-B 
fragmentation; therefore, more oxidized LDL moved to the bottom 
of the gel faster than less oxidized or native LDL (lane 2, Suppl. Fig. 
1B). However, cineole-treated LDL (lanes 3 and 4) exhibited slow-
er migration in a concentration-dependent manner, as shown in 
Suppl. Fig. 1B. 

Cineole protected oxidative damage of HDL3 and rHDL
After 8 hr of incubation with cupric ion (10 μM) at 37oC, HDL3 
showed much greater disappearance of the apoA-I band (lane 5, 
Fig. 1B), while the band was visible at 4 hr incubation, as shown in 
Fig. 1A (lane 5). This indicates that prolonged incubation with cup-
ric ion caused proteolytic degradation of apoA-I. However, 
co-treatment of cineole protected HDL from oxidative damage and 

proteolytic degradation, as indicated by an arrow in Fig. 1B (lanes 
1-3). Interestingly, the lowest concentration of cineole (final con-
centration, 1 μg/ml) showed potent inhibition ability. 

Antioxidant ability of HDL3 was enhanced by cineole
As shown in Suppl. Fig. 2A, HDL3-associated PON activity was sig-
nificantly enhanced up to 35% by cineole treatment even under 
the presence of cupric ion. It seemed that the effect was enough to 
treat the lowest concentration of cineole, since there was no differ-
ence between the dosages of cineole. Interestingly, cupric ion 
treatment (final 10 μM) did not inhibit PON activity around 20% 
enhancement of PON activity, similar with HDL3 alone. This result 
indicates that it was not influenced by the presence of Cu2+, al-
though PON is a Ca2+ dependent enzyme. Ferric ion removal abil-
ity was enhanced in the cineole-treated HDL in a concen-
tration-dependent manner, as shown in Suppl. Fig. 2B. Higher con-
centration of cineole treated (10 μg/ml)-HDL3 showed higher FRA 
activity around 3-fold elevation of A593. These results made a good 
agreement with inhibition activity against cupric ion mediated by 
LDL oxidation. 

Cellular uptake of oxLDL into macrophage
After incubation of oxLDL and cineole in the presence of macro-
phages, THP-1 cells were stained with oil red O to evaluate the de-
gree of lipid or LDL uptake into cells. As shown in Fig. 2, when 
compared with the control (photo A), oxLDL-treated cells (photo B) 
showed a much greater lipid-stained area with stronger red in-
tensity, which indicated uptake of oxLDL via putative phagocy-
tosis. However, cineole-treated (0.1 mg/ml and 0.01 mg/ml) cells 
showed a much smaller lipid-stained area and weaker intensity 
(photos D and E, respectively), while Et-OH treatment caused 
much higher red intensity in the presence of the same amount of 
oxLDL. This result suggests that ethanol may have increased 
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Fig. 2. Cellular uptake of oxLDL in 
the presence of cineole. PMA-differ-
entiated macrophages were incubated 
with 50 μl of oxLDL (1 mg/ml of 
protein), 50 μl of cineole (final 100 
or 10 μg/ml) or PBS, and 400 μl of 
RPMI-1640 media. The extent of cel-
lular uptake of lipids or LDL was 
compared by oil red O staining as 
described in the text. Photo A, PBS 
alone treated; photo B, oxLDL alone 
treated; photo C, oxLDL and Et-OH 
treated; photo D, oxLDL and cineole 
(0.1 mg/ml) treated; photo E, oxLDL 
and cineole (0.01 mg/ml) treated. *P 
< 0.05; **P < 0.01

Group 1
Normal 

diet (ND)1

Group 2
High cholesterol 

diet (HCD)

Group 3
HCD + cineole 

Diet 

TC (mg/dl)
TG (mg/dl)
GOT (U/L)
GPT (U/L)
SAA (AU)
IL-6 (AU)

Tetrabit

185±20a,2

151±26a

373±45a

105±10a

0.33±0.02a

0.22±0.01a

Tetrabit + 4% 
cholesterol

347±32b

208±25b

446±50b

96±15a

0.33±0.03a

0.31±0.02b

Tetrabit + 4%
cholesterol +10% 
cineole (wt/wt)

219±28a

177±21a

258±32c

109±18a

0.15±0.02b

0.28±0.03a

1TetrabitⓇ: Tetrabit (47.5% crude protein, 6.5% crude fat, 2.0% crude 
fiber, 10.5% crude ash, containing vitamin A [29,770 IU/kg], vitamin 
D3 [1,860 IU/kg], vitamin E [200 mg/kg], and vitamin C [137 mg/kg]). 
2The mean values not sharing a common letter (a, b, and c) in the 
same row indicate significant difference between groups (P ＜ 0.05) 
from one-way analysis of variance (ANOVA) using SPSS (version 14.0; 
SPSS, Inc., Chicago, IL, USA), and the differences between the means 
were assessed using Duncan’s multiple-range test. AU, arbitrary unit.

Table 1. Experimental design and serum parameters of zebrafish after 4 
weeks of feeding 

oxLDL phagocytosis, while cineole inhibited the early step of foam 
cell production in atherosclerosis. Detection of ROS levels from 
the cell media revealed that cells treated with ethanol alone 
showed the highest MDA level (∼13 nM), while cells treated with 
oxLDL alone showed MDA levels around 9 nM as shown in Fig. 2. 
However, cineole-treated (0.1 mg/ml) cells resulted in a 33% de-
crease of MDA levels compared with cells treated with oxLDL 
alone.
In vivo hypolipidemic and anti-inflammatory activity 
The serum TC of the HCD groups was 1.8-fold higher than the con-
trol group. However, in contrast to the observed TC increase, se-
rum TG was 1.5-fold lower compared with the control, as shown 
in Table 1. The cineole-fed group experienced 40% and 15% de-
creased TC and TG levels, respectively, compared with the HCD 
group. 
　The serum GOT levels were 1.2-fold higher after the HCD con-
sumption compared with the control group, while GPT levels were 
not significantly changed. These results indicate that increased 
cholesterol uptake might be related to increased serum blood glu-
cose and inflammatory stress within the liver. The ELISA-based de-
termination of serum SAA and IL-6 levels revealed a 55% reduc-
tion in SAA levels in the cineole-fed group (Table 1), while the con-
trol and HCD groups showed no difference. Since SAA is a surro-
gate marker of general inflammation, these results suggest that cin-
eole consumption might enhance anti-inflammatory activities. 
Serum IL-6 levels were 10% lower in the cineole-fed group com-
pared with the HCD group. 

Decreased fatty liver changes in the cineole-fed group
Histologic liver analysis with oil red O and hematoxylin staining 
revealed that the HCD-fed group (group 2) had severe tissue dam-
age compared with the control group (group 1). However, the lip-
id-stained area was greatly reduced in the cineole-fed group (group 
3), with less tissue damage as shown in Fig. 3. Interestingly, the cin-
eole-fed group showed an even smaller lipid-stained area and de-

creased infiltration of inflammatory cells as revealed via counter-
staining with hematoxylin. Lipid determination of the liver homo-
genate revealed that the HCD-fed group had a 43% greater in-
crease in TG content than the control group (Fig. 3). The cin-
eole-fed group showed 70% and 80% reductions of TG content in 
the liver, compared with the control and HCD groups, 
respectively. 

DISCUSSION

In a previous report, we showed that the 1,8-cineole-enriched frac-
tion, which is a major ingredient in the water extract of laurel or tur-
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Fig. 3. Representative pictures for 
comparisons of fatty liver changes in 
zebrafish depended on the consumed 
diet, as visualized by Oil-red O stain-
ing (scale bar 100 mm). Group 1, 
normal diet; Group 2, high cholester-
ol diet (HCD); Group 3, HCD + 
cineole. Group 3 evidenced pro-
foundly less fatty liver changes. Inset 
graph shows the lipid content of the 
hepatic homogenate from each group 
under the same concentration of pro-
tein (1 mg/ml). *P ＜ 0.05; ***P ＜
0.005.

meric, showed hypolipidemic and anti-diabetic activities via anti-
oxidant activation (1, 16). Since this fraction contains other chem-
icals, the current study was designed to determine the anti-athero-
sclerotic and lipid-lowering effects of pure 1,8-cineole. We have 
shown herein the in vitro anti-inflammatory activity and protective 
activity of HDL and LDL from cupric ion-mediated oxidation. In pre-
liminary in vivo tests, no notable beneficial effect was observed with 
a supplement of 1% cineole. For this reason, relatively higher dos-
ages of 1,8-cineole were used in the current study. 
　Similar to our results, 1,8-cineole from Eucalkyptus tereticornis 
also exhibited potent antioxidant activity, such as free radical 
(DPPHㆍ, OHㆍ, O2ㆍ−) scavenging activity (16). This source of 
1,8-cineole, also known as eucalyptol, exhibits anti-microbial activ-
ity (17) and shows delivery-enhancing activity across the dermal 
barrier. Williams et al. (18) reported that 1,8-cineole showed en-
hanced penetration when delivered topically through the skin. 
Cineole temporarily disrupts intercellular lipids in the stratum cor-
neum which allows entry of poorly penetrable substances into the 
skin. Additionally, 1,8-cineole was found to induce relaxation of 
airway smooth muscles in rat and guinea-pig models (19).
　In the current study, cineole showed potent antioxidant activity 
against cupric ion-mediated LDL oxidation (Suppl. Fig. 1), oxidative 
damage of HDL and proteolytic degradation (lane 5, Fig. 1). The ad-
dition of cupric ion in HDL3 resulted in the disappearance of the 
apoA-I band (Fig. 1), indicating that prolonged incubation with cup-
ric ion may accelerate proteolytic degradation of apoA-I. Eberini et 
al. (20) reported that macrophage matrix metalloproteinase (MMP) 
degraded HDL-associated apoA-I at both the N- and C-terminal 

ends. The proteolyzed apoA-I may then be cleaved in the serum via 
proteolytic attack. Moreover, the cleavage of apoA-I was reported to 
be induced by thrombolysis in coronary patients (21). The oxidation 
of apoA-I is associated with production of dysfunctional and in-
flammatory effects in lipoprotein metabolism (22). There are three 
methionine amino acids (86th, 112th, and 148th aa) in the mature hu-
man apoA-I. It is possible that elevated oxidation of apoA-I in HDL 
might cause production of methionine sulfoxide (23), which can im-
pair the function and structure of apoA-I. Methionine oxidation im-
pairs reverse cholesterol transport (24) and induces amyloid fibril 
formation (25).
　ApoA-I is a principal protein of HDL and is inversely related to 
the risk of atherosclerosis development. The principal functions of 
HDL are lipid binding from peripheral cells, delivery of lipid-laden 
cells into hepatocytes for lipid removal via reverse cholesterol 
transport (10, 26) and recognition of receptors in the liver and ster-
oidogenic tissues. The functions of HDL might be of more im-
portance in zebrafish, since the major serum cholesterol carrier in 
fish is HDL (4). In addition to in vitro antioxidant abilities, cineole 
showed in vivo anti-oxidant and anti-inflammatory activities 
(Table 1 and Supplemental Figs). 
　In conclusion, cineole exerted antioxidant and lipid-lowering ef-
fects via strengthening the HDL function thus enhancing reverse 
cholesterol transport in a vertebrate model.
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MATERIALS AND METHODS

Materials 
1,8-Cineole (CAS No 470-82-6, FW. 154.25,) was purchased from 
Sigma Co. (Cat # C80601; St. Louis, MO, USA). Cineole was di-
luted with ethanol (assay＞99.9%, Merck, Darmstadt, Germany) 
to make a working solution. 

Reduction potential assay
Ferric reducing ability (FRA) was determined using the method de-
scribed by Benzie and Strain (27). Briefly, the freshly prepared FRA 
reagent (300 μl) was mixed with an equal amount of the diluted ex-
tract, after which the FRA was determined by measuring the ab-
sorbance at 593 nm every 20 seconds over a 10-minute period at 
25oC using a DU800 spectrophotometer (Beckman Coulter, 
Fullerton, CA, USA) equipped with a MultiTemp III thermocircula-
tor (Amersham, Uppsala, Sweden). 

Cupric ion-mediated LDL oxidation
In a 500 μl reaction volume, fresh human LDL (300 μg of protein) 
was incubated with each extract (final concentration, 10 μg/ml) in 
the presence of 10 μM (final concentration) of CuSO4 for up to 2 hr. 
During the incubation time, the amount of formed conjugated di-
enes was monitored at 234 nm at 24.5oC (28) using a DU800 spec-
trophotometer equipped with a MultiTemp III thermocirculator. In 
order to verify the spectroscopic data, the oxidized LDL samples 
were subjected to electrophoresis on 0.5% agarose gel for compar-
ison of relative electromobility (29). 

Purification of human lipoproteins and its oxidation 
Low-density lipoprotein (LDL, 1.019 ＜ d ＜ 1.063) and high-den-
sity lipoprotein (HDL3, 1.125 ＜ d ＜ 1.21) were purified from 
healthy human plasma by ultracentrifugation according to a stand-
ard protocol. Young male volunteers (average age, 22 ± 2 years) 
were recruited from students who were enrolled at Yeungnam 
University (Gyeongsan, South Korea). Oxidized LDL (oxLDL) was 
produced by incubating a LDL fraction with CuSO4 (final concen-
tration, 10 μM) for 4 hr at 37oC. The oxLDL was then filtered (0.2 
μm) and analyzed using a thiobarbituric acid reacting substances 
(TBARS) assay to determine the extent of oxidation, as described 
previously (30). 
　HDL3 was oxidized by treatment of CuSO4 (final concentration, 
10 μM) at 37oC for up to 8 hr of incubation. The oxidized HDL3 
was aliquoted and analyzed by electrophoresis and antioxidant 
ability. 

Paraoxonase assay 
Paraoxonase-1 (PON-1) activity toward paraoxon was determined 
by evaluating the hydrolysis of paraoxon into p-nitrophenol and di-
ethylphosphate, which was catalyzed by the enzyme (31, 32).

Uptake of oxLDL into macrophage
THP-1 cells, a human monocytic cell line, were maintained and 
differentiation into macrophages, as described previously (33). 

The differentiated and adherent macrophages were then rinsed 
with warm PBS and incubated with 400 μl of fresh RPMI1640 me-
dium containing 1% FBS, 50 μl of oxLDL (1 mg of protein/ml in 
PBS), and 50 μl of cineole (final concentration, 0.1 mg/ml and 0.01 
mg/ml), for 48 hr at 37oC in a humidified incubator. After in-
cubation, the cells were washed with PBS 3 times and then fixed in 
4% paraformaldehyde for 10 min. Next, the fixed cells were rinsed 
with 100% polypropylene glycol, stained with oil-red O staining 
solution (0.67%), and then washed with distilled water. THP-1 
macrophage-derived foam cells were then observed and photo-
graphed using a Nikon Eclipse TE2000 microscope (Tokyo, Japan) 
at 600x magnification. 

In vivo test using hypercholesterolemic zebrafish
Zebrafish of the line brass (AB strain, ZOMB0001) were obtained 
from zebrafish organogenesis mutant bank (ZOMB, Daegu, 
Korea). Zebrafish maintenance and procedures were approved by 
the Committee of Animal Care and Use of Yeungnam University 
(Gyeongsan, Korea). Each group (n=40, 10 week-old) consumed 
the fixed amount of the designated diet (20 mg/day/fish) as shown 
in Table 1. Please find supplementary method file to find more de-
tails about the diet. Zebrafish were maintained at 28 ± 1oC under 
a 14：10 hr light:dark cycle. After feeding for 4 weeks as des-
ignated in Table 1, blood (2 μl) was drawn and analyzed, as our 
previous report (8). Measurements of serum and hepatic parame-
ters were carried out as described in Supplemental methods.

Histologic analysis
Briefly, after zebrafish were sacrificed, their livers were fixed with 
4% paraformaldehyde for 24 hr. The isolated liver was then em-
bedded in the Tissue-Tek OCT compound (Thermo, Walldorf, 
Germany) and frozen. Next, the frozen tissue blocks were posi-
tioned in a CM 1510S (Leica, Nussloch, Germany), and 7-μm serial 
sections of the ascending aorta were then collected on 3-amino-
propyltriethoxysilane-coated slides Seven consecutive sectioned 
slides from each zebrafish were then stained with oil red-O and 
counterstained with hematoxylin to visualize fatty streak lesions, 
in accordance with the standard protocols. 

Statistical analysis
All data are expressed as mean±SD from at least three in-
dependent experiments with duplicate samples. Data comparisons 
were assessed by Students t-test using the SPSS program (version 
14.0; SPSS, Inc., Chicago, IL, USA). Statistical significance was de-
fined as P ＜ 0.05.
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