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Abstract To understand the effects of the fraction from
Chrysanthemum coronarium 1. (CC), we prepared five dif-
ferent types of samples, denoted here as CCMM, CCMH,
CCMEA, CCMB and CCMA. We studied die effects of
these samples on the phase tratsition of liposomal mem-
branes by high-sensitivity differential scanning calorimetry
{nano-DSC). We vsed dipalmitoylphosphatidylchaline (DPPC)
bilayers which make most stable liposomes among the other
phosphatidylcholines. When the samples were added to the
bilayers, the phase transition temperatures of DPPC lipo-
somes incorporated with CCMH and CCMEA were decreased
by 1.5 and 2°C, while the other three fractions showed less
tendencies. The CCMH and CCMEA fractions markedty
affected the thermotropic properties of DPPC Iiposomes,
broadened and shifted the thermograms of DSC. It also
significantly reduced the size of cooperative unit of the
trapsitjon. In ali cases, there was no change in enthalpy of
transition within the concentration range of the CC fractions
studied. We concluded that the incorporation of the CCMH
and CCMEA into DPPC liposomes was prefercntially lo-
cated in the hydrophobic core of DPPC bilayers compared
to the other three fractions CCMM, CCMB and CCMA., These
resulis suggest that certain substances in CCMH and CCMEA
fractions might have biologically significant effects on the
fluidity of biological membrane.
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Introduction

Chrysanthemum coronarium L. (CC), nawely crown daisy,
which is one of the compositae plants, has been widely
cultivated in Korea as vegetable for years. It originated in
the Mediterranean Sea, and came to Xorea throngh China
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long time ago. This has a favorable scent o use as an
appetizer for dishes, helps intestinal fonctions to use for
constipation as well [1,2]. The composition compounds of
CC consist of water {93.5g%), protein (2.55%), lipid (0.4g%),
carboliydrate (3.1g%), ash (4.92%), calcium (74mg%), phos-
phorus (29mg%), iron (4.2mg%), vit.A (4930}, thiamine
{0.13mg %), riboflavin (0.30mg%) and vit.C (45mg%) [3].
Especially, il is rich in mineral and vitamin compared to
ather vegetables [1,3].

Recently, in Asian country, various researchers have
studied for the screening of bioactive substances from natural
products or food materials such as Artemisia iwayomogi
(Mugwort) [4], Allium cepa L. (Onion) [5], Ixeris sonchifolia
H. (Gedulbaegi) [0] and Angelica radix (Danggui) [7]. These
studies suggest that the natural products used in the exper-
iments have similar effects like drug materials having ther-
apeutic efficacy of cancer. There ate several studies of
Chrysanthemum coronarium L. (CC) [1,2,8-11], however,
few is known about the Interaction of CC with liposomal
phospholipid bilayers on the thermotropic behavior for
membrane fluidity. The flnidity of lipid bilayers of biological
membrane has been known lo play an imporiant role in
the physiological functions [12,13}. Model membrane sys-
tems composed of mainly phospholipids have been extensively
used to investigate the interaction between drugs and
toxicological agents in membrane lipids [14-17)

{n this stady, we analyzed ihe effects of CC fractions
on the thermotropic properiies and the fluidity of dipalmi-
toylphosphatidylcholine (DPPC) liposomal bilavers using
high-sensitivity differential scanning calorimeter (nano-DSC).
These five different fractions were prepared as shown in
Scherie 1, in which they are denoted as CCMM (methanol),
CCMH (p-hexane), CCMEA. (ethylacetate), CCMB (n-butanol),
and CCMA (aqueous) from the MeOH extract of Chrysan-
thesnum coronarinm L. Multilamellar liposomes were prepared
from DL- @ -dipalmitoylphosphatidylcholine (DPPC) which
makes most stable Hiposomes among the other phosphatidy)-
cholines. The transition from gel to liquid-crystalline state
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was examined in the presence of various concenrrations of
CC fractions, and measured the fluidity of DPPC liposomal
mentbrane by DSC.

Materials and methods

Materials and reagents

Chrysanthemum coronarium L. (CC) was purchased from
a local market in Pusan, Korea. DL- ¢ -dipalmitoylphospha-
tidylchaline (DPPC) was purchased from Sigma Chemical
Co. (St. Louis, MO, USA), and was used without {urther
purification. Ail other chemicals were of reagent grade,

Extraction and fractionation of CC

Dried and chopped Chrysanthemum coronarnmm L. {CO)
was extracted three times with MeOH (1.5L). The methanol
was removed by the evaporation under reduced pressure,
and the resulting insoluble material was fillered off. The
methano! extract was fractionated into n-hexane (CCMH),
methanol (CCMM), ethylacetate (CCMEA), butanol (CCMB)
and aqueous (CCMA) layers. Each partition layer was evap-
orated, and freeze-dried for the samples of this experiment
{Scheme 1.).
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Scheme 1. Fractionation procedute of Chrysanthemum coronarinm 1.
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Freparation of multilomellar liposomes {MLVs)

Appropriate amounts of stock solutions of DPPC in methanol
and the CC fractions in methanol/chloroform (1:1) were
mixed to provide the desired concentration (mg ml™) for
making multilamellar liposomes (MLVs). The organic sol-
vents were then evaporated under a stream of dry N to
make a thin film of the lipid, and the last traces of solvents
were completely removed by a further evaporation under
high vacuum for 3 hours. The dried thin film was suspended
in phosphate buffered saline (PBS) at pH 7.4 by mixing
on a vortex mixer for 1 min, and then lefi in a thermobath
at a temperatute above their phase transition temperature
for 2 min.

Differential scanning calorimetry (DSC)

The calorimetric measureinents were performed using a
CSC-5100 nano-differential scanning calotimeter. The lipid
suspensions of all samples were heated from 53°C 1o 60T
at a scan rate of 0,25 min"". The final phospholipid con-
centration was [ mg ml™ Each sample was scanned three
times to verify reproducibility,

Results and discussion

To investigate the effecis of Chrysanthemum coronarium
L. (CC) on the thermotropic behavior of dipalmitoyiphos-
phatidylcholine (DPPC) bilayers, we employed high-sensi-
tivity differential scanning calorimetry (DSC) measurement.
The DSC profiles {for mulitlamellar vesicles (MLVs) of
DPPC alone and in the presence of increasing concenira-
tions of the CC fractions CCMH and CCMEA are shown
in Fig. 1. In the absence of the samples, DPPC alone ex-
hibited two endotherms upon heating, the gel to gel pre-
iransition at 34.177 and the main gel (o liquid-crystalline
phase transition at 41.4 T, in agreement with previous data
[15-18]. The transition peaks were broadened and drastically
shifted to lower temperature with increasing concenirations
of the samples CCMH and CCMEA. The incorporation of
CCMH and CCMEA into DPPC liposomes led to a notable
decrease in the transition temperature (Tw) of the bilayers,
which was dependent on the concentrations of CCMI and
CCMEA (Table 1.). The temperature of the main gel to
liquid-crystalline phase transition decreased in proportion
to each concentration of the saraples. Addition of 0.2 mg
m!™" CCMH and CCMEA resulted in a decrease of the onset
temperature of the main phase transition of about 1.5
and 272, The presence of these samples did not produce
a significant effect on the enthalpy (AHu} change of the
gel to liquid phase transition of DPRC. Differential calo-
ritnetric data can be used to obtain the van't HofT enthalpy
for the transition. From the fraction of the area under curves
of the main transition thermograms of DPPC liposomes
with CCMH, the reaction degrees versus temperature for
the main transition of the DPPC bilayers are illustrated in
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Fig. 1. The DSC thermograms of DPPC liposomes without and with various concentrations of CCMH and CCMEA. The concentration
{mg m} ) of CC fractions in DPPC liposomes is expressed on the curves. * CCMH < Hexane fraction of CC, CCMEA : Ethylacetate

fraction of CC.

Tabte 1. Thermodynamic parameters for DSC main mansition curves of DPPC liposomes incorporated with CCMH and CCMEA

4 CCMH CCMEA
Conc. {mg m]™) . ) - ")
T (C) AHey (keal mot™)  AHuy/AHey T {T) Aoy (keal mol’)  AHug/AHe
] 41.42-0.05 887035 434 41.410.05 R.8740.35 434
0.02 4124005 10.93 =20.31 244 413005 .63+ 0.88 286
0.04 40.9-0.05 10.93+0.82 108 41.0-£0.00 10.2030.55 169
0.06 40.7 0,04 11.284-0.58 69 40.6+0.05 10.05+0.25 86
0.08 40.42-0.05 10.53 1021 74 40.4+0.00 2.97+-0.33 63
0.10 39.9+0.04 11.00+0.43 50 40.0+0.08 943117 50
0.20 309+0.16 8.28+1.23 19 39.51+0.05 7.83 2043 20

The transigon temperatureb (Tn) and the calcrimetric enthalpies (AHc.) were caloulated by DSC, the temperatute being scanmed
at 0.25%7 min’, All values are means:£S.D. of at least three separale experiments.

Fig. 2. Since the temperature was scapned at a constant
rate, the slope of the curve of this plot could be used w
calculate the van't Hoff enthalpy of the fransition, AH.u
using the van’t Hoft equation {19],

AHu = 4RT (d o [d D)

whete @ is the fraction of the lipid iu the Gquid-crystalline
state, and Tn, the main transition temperature. The ratio
of AHuy to AH.y is usuvally interpreted as the size of the
cooperative nndit of the (ransidon (Scheme 2. [20,21]. The
ratios of AH,y to AHq, in the presence of varions concen-
trations of CCMH and CCMEA into the DPPC liposomes

were calcnlated aud also tncluded in Table 1. The penetra-
tion of various concenirations of CCMH and CCMEA into
the DPPC bilayers reduced the ratios of AH.u to AHgy
{rooperative unit), depicting a decrease of the cooperativity
of the transition caused by two CC fractions CCMH and
CCMEA. All these tendencies show that the CCMH and
CCMEA are very effective in modifying the thermotropic
behaviors and in fhidizing the lipid bilayers.

The DSC thermograms for the DFPC liposomal bilayers
without and with various concentrations of the CC fractions
CCMM, CCMB and CCMA are presented in Fig. 3 and the
thermodynatic patameters in Table 2 (CCMA s not shown).
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Scheme 2, Lipid phase transifion from gel to liquid-crystalline
state in lipid bilayer

Contrary to the systems CCMH and CCMEA in DPPC
liposomnes, smaller effects were observed for the fractions
CCMM and CCMB in DPPC liposomes, The addition of
0.2 mg ml” CCMM and CCMB resulted in a decrease of
the onset temperatute of the main phase transition of 1T
and 0.5, respectively, Obviously, CCMM and CCMB were
less efficiently incorporated into DPPC liposomes than

CCMH and CCMEA. This finding might be explained by
the higher cohesion and thus lower flexibility of CCMM
and CCMB in DPPC liposomes. However, DPPC liposomes
with CCMA exhibited no significant effect on the phase
behavior when CCMA was added to the phospholipid bilayers.
The thermograms for DPPC liposomes alone and DPPC
tiposomal bilayers containing 0.02 to 02 mg mI" CCMA
weie almost undistinguishable, In addivon to a varialion
of the CCMA concentration, DPPC liposomes described no
disappearance of pretransition, and the gel to the Hquid-
crysiatline phase transition temperature of the bilayers con-
tinued taking place at 41.4°C. The results show that the
additon of CCMA causes no effective change in the thermo-
ropic behavior of puwre DPPC liposomal membranes,
All the figures and tables showed the overall effects of
the incorporation of tncreasing amounts of the five fractions
from CC on the thermotropic phase tansition of DPPC lipo-
somes. Among the five Tractions of CC, CCMH aud CCMEA
have the remarkable effects on the fluidity of the lipid
membranes. The penetration of vatious concentrations of
CCMH and CCMEA fnto the liptd bilayers changed siginifi-
cantly their thetmgiropic phase behavior compared to that
of CCMM, CCMB, and CCMA, : it decreased the phase tran-
sition temperature of the lipid, broadened the thermograms,
and dramatically reduced the ratios of AHw to AHwm
{cooperative unit) in proportion to its concentration. This
means that probably the CCMH and CCMEA in DPPC
lipasomes are responsible for their preferential location in
the hydrophabic core of the lipid bilayer, whereas the other
fractions CCMM and CCMB preferentially reside at the
lipid-water interphase. This localization of CC fractions in
Iipid bifayers may be important to determine for the per-
meability and fluidizing effects on biological membrane.

Conclusions

Effecis of Chrysanthemum coronarion L. on the thermo-
tropic behavior of DPPC lippsomal membrane have been
investigated by means of DSC. The profile of a DSC ther-
mogram of a phospholipid phase transition is largely deter-
mined by the wansition emperatute (Tr), the enthalpy (AH..)
change, and the ratic of AH,u/AH. Delermining the tem-
peratures of the transitions allows the construction of phase
diagrams, which provide information regarding the equilibrivm
between different phases. The effects of CC fractions on
the DPPC liposomes are through alteration of membrane
physical properiies. The results indicate that a liposomal en-
capsulation of Chrysantheminm coronariwm L. depends on
the kind of fractions at different solvents. The most drastic
changes were observed (or the incorporaiion of CCMH and
CCMEA into DPPC liposomes. The CCMH and CCMEA
are highly incorporated in DIPPC lipesomes, which might
have a significant encapsulation efficiency of DPPC lipo-
somes. On the ether hand, a rather Jow incorporation in DPPC
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Fig. 3. The DSC thermograms of DPPC liposomes without and with various concentrations of CCMM, CCMB and CCMA. The
concentration (g ml™*} of CC fractions in DPPC liposomes in expressed on the curves. * CCMM : Methanot fraction of CC,

CCMB : Butanol fraction of CC, CCMA : Aqueous fraction of CC.

Table 2. Thermodynamic parameters for DSC main transition curves of DPPC liposomes incorporated with CCMM and CCMB

| COMM CCMB
Conc. {mg ml") 1. N B
T (UC} Achi (kCBl mol ) AHVH."AHCHI T\'n ( C) AHey (kCElI mol ) AH\'H/L\HGHI

0 41.3=0,05 8.872-035 434 41.4-G.05 8.87+0.35 434
0.02 41,43 0.00 1173116 429 41.4 =000 10.80 =043 714
0.04 41.30.00 11.43+0.79 309 41.4x0.00 10474128 443
0.06 41.2+£0.05 11.96-0.50 178 41.3+0.09 11.8 -=0.37 333
0.08 41.2:+0.00 11.334+0.07 187 41.3£0.00 11.73-0.33 301
0.10 41.1=0.00 11.80+0.33 {73 41.2+0.00 11.97 +£0.56 249
0.20 10.6+0.12 11701092 53 41.0+0.05 11274012 167

The transition temperamres (T} and the calorimetric enthalpies {(4He} were calculated by DSC, the temperature being scannied
at 0257 min’. All values are means=S.D. of at least three separate experiments.

liposomes was observed for the fractions CCMM and CCMB. 3.
However, the CCMA had no effect on the thermotropic
phase behavior of DPPC model membranes. These resulis 4.
might suggest that the incorporation of the CCMH and
CCMEA imo DPPC liposomes is preferendally located in
the hydrophobic core of DPPC bilayers, enhancing the

fluidity of the liposomal membranes. 5
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