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Abstract

Electronic absorption spectra, fluorescence emission spectra, 'HNMR and ab initio quantum calculation are used to study the acid—base equi-
librium of puerarin in cetytrimethylammonium bromide (CTAB) micelles with different microstructures and microenvironments. Experiments
suggest the microenvironment provided by CTAB micelle cause the acid—base equilibrium of puerarin to move to the deprotonation reaction. The
changes in the chemical shifts of the individual groups of protons in CTAB indicate that the location of puerarin changes from the inner to the
outer of the CTAB micelles with an increase in puerarin concentration, which enhances the interaction between puerarin and CTAB. The binding
of puerarin with CTAB micelle is a spontaneous (AG <0) and endothermic process (AH <0), and the hydrophobic and electrostatic force is the

main driving force for its solubilization.
© 2006 Published by Elsevier B.V.
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1. Introduction

Flavonoids are natural compounds that are effective scav-
engers of active oxygen radicals such as hydroxyl and super-
oxide radicals. Moreover, recent investigations indicate that
some of them show antitumor, antibacterial, and antiinflamma-
tory activities [1-4]. Puerarin, a naturally occurring isoflavone
C-glycoside, is isolated from pueraria lobota [5], one of the
most popular Chinese herbal medicines that is traditionally
used to reduce febrile symptoms and is also used as an anti-
inebriation agent [6]. The chemical name of this compound
is 8-B-D-glucopyransyl-7-hydroxy-3-(4-hydroxyphenyl)-4H-1-
benzopyran-4-one. Fig. 1 shows the chemical structure of puer-
arin. The biomedical effects of puerarin, which have been exper-
imentally or clinically demonstrated [7,8], include the improve-
ment of blood circulation, prevention of cardiovascular diseases,
control of alcoholism, and treatment for arrhythmia [9,10].

As we know, drug interactions with heterogeneous media
(micelles, vesicles, biomembranes) induce changes in some
physicochemical properties of drugs (solubility, spectro-
scopic and acid-base properties) [11,12]. Moreover, puerarin’s
polyphenolic structure makes it very sensitive to the change in its
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structure and the polarity of the environment. Quantification of
the effect of micelles in acid—base and solubilization properties
of pharmaceutical drugs can be used for the determination of
binding constants drug/micelle. These constants can be deter-
mined if there is at least one molecular property that changes
when the drug is transferred from water to the micellar medium.
As this variation is related with changes in the microenviron-
ment of the molecule undergoing solubilization, it can provide
a detailed picture for partitioning of the neutral form of the drug
in the micellar pseudophase, and a picture of the interactions of
the charged form with micelle surface. In the present paper, the
acid—base equilibrium of puerarin in CTAB micelles was studied
by electronic absorption spectra, fluorescence emission spectra,
'"HNMR and molecular modeling study. The binding constant
and distribution coefficient were determined.

2. Materials and methods
2.1. Chemicals

Puerarin of pharmaceutical purity grade was kindly pro-
vided Nanjing Chemical Reagent Plant (China). All samples
of puerarin were dried in vacuum at (105-110°C) for 2h,
and used without further purification. Cetytrimethylammo-
nium bromide (CTAB) was purchased from Sigma—Aldrich
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Fig. 1. Structure of puerarin.

Chemical Co. (St. Louis, MO). The water used was double
distilled.

2.2. UV-vis spectra measurements

Puerarin was dissolved in the CTAB micelles, and after
1h of mixing, the spectra were recorded by using a UV-
2550 spectrophotometer (Shimadzu) in the wavelength range
of 200—450 nm. Distilled water was used as blank.

2.3. Measurement of the pK values for puerarin

pH was measured with pH acidity meter (Leizi Instrumen-
tal Factory, Shanghai). The pH of the solution was adjusted by
using aliquots of concentrated solutions of NaOH and HCI. Val-
ues of pK were determined spectrophotometrically according to
Henderson—Hasselbatch equation [13]:

pK=pH-In 1)

o
100 — o
where « is the percentage of groups that have been ionized.
Values for « are obtained from the absorbance at 345 nm for
pKj and 260 nm for pK> of puerarin. The 0% ionization value
and the 100% ionization value can be calculated from the val-
ues of absorbance at both ends of puerarin titration curves, as in
extremely acid media (pH < pK) all puearin exists in uncharged
form, while in extremely alkaline media (pH >> pK) the predom-
inant species exist in charged form.

2.4. Ab initio quantum calculation

Geometries were fully optimized at the HF/6-311G level
using the Gaussian 03 program. Force constant analyses were
performed to verify the minimum energy state of the optimized
geometries as well as to obtain zero-point energies (ZPE) and
thermal corrections to the energy. Energy evaluations were car-
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ried out at the MP2/6-311G level on the HF/6-311G(d) opti-
mized geometries [14].

2.5. The study of 'HNMR spectra

The 'HNMR spectra were recorded on a Bruker AV-600
at 600 MHz ('H) spectrometer using the pulsed FTNMR tech-
nique.

2.6. Fluorescence spectral measurements

The fluorescence spectra of puerarin were recorded with an
RF-5301 PC spectrofluorophotometer (Shimadzu) in the wave-
length range of 380-600nm with the excitation wavelength
being 330 nm. Its fluorescence polarization P was measured
by inserting polarization filters on the excitation and emission
light paths of fluorescence spectrophotometer. The emission
intensities of the polarized light, parallel and vertical to the
excitation-polarized light, /)| and I, , were combined together

to calculate the steady-state polarization P:
Iy — 1,

| )

Ly +1.

3. Results and discussion

Flavonoids consist of a benzene ring fused with a y-pyrone
ring, which are usually denoted by A- and C-rings, respec-
tively. The most important chemical property of flavonoids is
the enhanced reactivity of the C-ring whereas the A-ring usually
reacts as an aromatic ring. More specifically, the acid—base prop-
erties of the C-ring have been subject of a number of studies since
protonation of substrates occurs during numerous biochemical
processes and, in some cases, it is the key step of the entire
process [15,16]. The puerarin molecule has two deprotonation
sites (pK1, pK>) at the oxygen atoms at position 4’ and 7 (Fig. 1).
Energy evaluations show that the bond energy of hydroxyl group
at position 4’ (—50.8 kcal/mol) on ring-B is lower than that
at position 7 (—53.6kcal/mol) on ring-A. According to these
results, we can state that the hydroxyl group at position 4 is a
stronger acid than that at position 7, which makes reliable predic-
tions of the acid—base properties [17,18]. So, puerarin undergoes
acid dissociation reactions like the following (see Scheme 1 for
details).

UV spectra of flavonoids exhibit two major absorption bands
in the region 200—400 nm. Band-I (300-380 nm) is considered
to be associated with absorption due to the ring-B cinnamoyl
system and band-II (200-280nm) is considered to be associ-
ated with absorption due to the ring-A benzoyl system [19].
Fig. 2 shows the UV absorption spectra of aqueous solution of
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Scheme 1. Acid-base equilibrium reactions of puerarin.
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Fig. 2. Absorption spectra of puerarin (¢ =3.0 x 107> mol L~!) in different pH
conditions of aqueous solutions. (a) pH values: (1) 2.99, (2) 5.24, (3) 6.35, (4)
7.22,(5) 7.98, (6) 8.90. (b) pH values: (1) 9.97, (2) 10.34, (3) 10.70, (4) 11.10,
(5) 11.49, (6) 12.26.

puerarin at different pH values. The uncharged form (H,Pu)
of puerarin has an absorption maximum at 306 nm, which
decreases upon increasing pH values, giving rise to the monoan-
ionic form (HPu™) with a maximum at 345nm (Fig. 2(a)).
For the second equilibrium (Fig. 2(b)), around a pH close to
pK> the peak at 260 nm due to the dianionic forms of puerarin
increases and shows a red shift [20]. In the studied range of
pH values, it is evident that tow isosbestic points exist at the
wavelength point where the spectra cross up (315 nm (Fig. 2(a)
and 254 nm (Fig. 2(b)). In the case of puerarin, tow isosbestic
points can be identified as conforming to the presence of three
chemical species participating in two acid—base equilibria: (a)
uncharged (H,Pu) and monoanionic (HPu™) forms, (b) monoan-
ionic (HPu™) and dianionic forms (Puz_) within pH ranges
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Fig. 3. Plots of absorbance at (a) 345 nm and (b) 260 nm as a function of pH.
(Inset) Plots of ratio between molecular and charged species as function of pH.
(1) Aqueous solution; (2) CTAB micelles (¢ =8.0 x 103 mol L™ 1).

around the pKj and pK», respectively. Fig. 3 shows the exper-
imental values of observed absorbance vs. pH values. A plot
of the pH of the solution as a function of log [¢/(100 — a)]
yielded a straight line with an intercept on the pH axis (at log
[/(100 — )] =0) equal to pK (inset, Fig. 3). The pK; and pK>
obtained (pK%) are 6.91 and 9.93. When CTAB micelles are
present in the medium, the values of pK™ obtained are 6.12 and
9.78.

The pK shift, ApK (=pK¥ — pK™), is a consequence of the
different partition coefficients for the charged and uncharged
species. ApK can be positive, zero, or negative, depending on
solute and membrane surface charge [21]. We measured the par-
tition coefficients (Pww) for HyPu and Pu?~ between micelles
and aqueous phase at pH 2.1 (pH < pK1) and (pH > pK>),
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Fig. 4. Relation between 1/AA and 1/(cpu+cctaB —cmce) for puerarin
(¢=3.0 x 107> mol L) in CTAB micelles (cmc 2.0 x 107 mol L™, deter-
mined by method of surface tension).

respectively. The method used for calculating partition coeffi-
cients was described in a recent paper (see Egs. (12)—(16) of ref.
[22]). The results show that Pu>~ exhibits larger partition coeffi-
cient (6992.6) than that of HyPu (2056.2) (Fig. 4). The partition
coefficients for charged and uncharged forms are different and
the negatively charged form of puerarin shows the greater affinity
to positively charged CTAB micelle surface, which lead the low-
ering of pK in micellar solutions (ApK; =0.53, ApK> =0.15).
On the other hand, the concentration of H* is decreased on CTAB
micelle surface due to the electrostatic repulsion force between
H* and CTA*, which also cause the acid-base equilibrium of
puerarin to move to the deprotonation reaction. Both of these
factors cause the lowering of pK value in micellar solutions.

As we know, with increasing CTAB content, CTAB can form
pre-micellar aggregates before the first critical micelle con-
centration (cmcl), spherical micelle after cmcl, and rod-like
micelle after cmc?2 in the aqueous solution. The cmc1 and cmc2
are found to be 8.6 x 10~*molL~! and 2.0 x 102 mol L~!
with addition of puerarin (5.0 x 107> molL™") by the meth-
ods of conductivity, and the report values of cmc for CTAB are
8.9 x 107*mol L™! and 2.2 x 102 mol L™!. Fig. 5 represents
the absorption spectra of puerarin in the CTAB micelles with
different structures at pH value of 7.02. In this condition, a mix-
ture of uncharged and monoanionic forms of puerarin exists. The
CTAB pre-micellar aggregates exert nearly no influence on the
puerarin absorption spectra (curve 2 in Fig. 5). The CTAB spheri-
cal micelle causes a red shift for band I from 306 to 314 nm. The
isosbestic point of puerarin absorption also appears in CTAB
spherical micelles, which is very similar to the increasing pH
value (curves 3 and 4 in Fig. 5). However, the CTAB rod-
like micelles cause the opposite trend in the absorption spectra
(curves 5 and 6 in Fig. 5). As aresult, the acid—base equilibrium
of puerarin is inevitably influenced by the different structures
and microenvironments of the CTAB micelles.
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Fig. 5. Absorption spectra of puerarin (c=3.0 x 107> molL™") in different
CTAB micelles. CTAB (mol L~1): (1) 0.0, (2) 1.0 x 107%, (3) 9.2 x 1074, (4)
8.0 x 1073, (5) 3.0 x 1072, (6) 5.0 x 1072,

Micelles can be pictured as having a non-polar interior and a
relatively polar interfacial region. The interior of the micelle is
generally considered to be the locus of solubilization for non-
polar solubilizate such as n-alkanes [23]. Puerarin has aromatic
rings and its solubility in water is not high and it exists in the
anionic state with one charge, while CTAB is a kind of cationic
surfactant. Puerarin will be easily extracted into the micelle.
Here, the microenvironment provided by CTAB micelles pro-
mote the deproton of puerarin and enhance their interaction [24].
This result has been confirmed by the lowering of pK in micellar
solutions (ApK; =0.53, ApK> =0.15).

The different effects of spherical and rod-like CTAB micelle
on puerarin can also be seen from Fig. 6. When the CTAB con-
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Fig. 6. Influence of CTAB concentration on the absorbance of puerarin
(¢=3.0x 1073 mol L 1).
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Fig. 7. Optimized structure of puerarin molecule.

centration is lower than cmcl, the uncharged form of puerarin
(HPu) gives a maximum at 306 nm, which exhibits almost no
change with CTAB concentration; when the CTAB concentra-
tion arrives at cmcl, the absorbance at 306 nm decreases, giving
rise to the absorbance of (HPu™) at 345 nm; when the CTAB
concentration is higher than cmc2, the absorbance at 306 nm
increases suddenly. The two inflections on the curve (Fig. 6)
correspond well to the structural change of CTAB micelle from
spherical to rod-like. By comparison, the structure of the spher-
ical micelle is not so compact and it can provide a relatively
large solubilization space for puerarin, so puerarin mainly exists
in CTAB micelle. When puerarin is added to the CTAB rod-
like micelle, the decreasing solubilization space and the more
compact structure no longer permit more puerarin molecules
to be located in CTAB micelle, and, as a result, puerarin is
mainly located in aqueous phase, which leads the movement
of acid-base equilibrium to the left side. That is to say spherical
micelles will favor the displacement of the equilibrium towards
the base, while rod-like micelles will favor the displacement
towards the acid form.

Which part of puerarin can be located and where the puerarin
is solubilized in the CTAB micelles are both of great impor-
tance to the understanding of the interaction between puerarin
and CTAB micelles and of acid-base equilibrium of puerarin.
The optimisation of the puerarin molecule by ab initio quantum
chemical calculations show that the stable structure of puerarin is
not planar, but with the B-ring connected to the C-ring by a single
C—C bond around which rotation can occur, the B-ring deviates
with 38.59° from the planarity (Fig. 7). We deduce that puer-
arin is very likely to interact with the CTAB micelles with the
B-ring part of the molecule (Fig. 1). A reliable and convenient
method to assess the solubilization site of a solubilizate in an
aqueous micellar system is provided by 'HNMR spectroscopy.
The "HNMR spectrum of micellized CTAB is characterized by
resonance signals corresponding to six groups of protons, which
are designated in the following [25]:

c-d b a a'

<]
CH3—(CH,);5—CH,—CH,—N"(CH3);Br’

The chemical shifts (§) of individual groups of the protons
in CTAB with and without puerarin are listed in Table 1. The
concentration of CTAB and the pH value are kept constant at
8.0 x 1073 mol L~! and 7.02, respectively. In this condition,
uncharged and monoanionic forms of puerarin co-exist. The
changes in <delta> of protons caused by addition of puerarin
could be well explained based on the shielding effect of aro-
matic rings of puerarin [26,27]. It can be seen from Table 1
that the increase of m (m= Cpyerarin/CcTaB % 100) almost has
no obvious influence on the chemical shift of d-H and e-H. This
indicates that the aromatic rings of puerarin are far away from
the terminal e-H, which is located in the very core of the micelle.
When m is lower than 10, the increaseing puerarin concentration
has weak effect on the chemical shift of a’-H and a-H, but obvi-
ous influence on the chemical shift of b-H and c-H. This shows
that puerarin exists a little far from the polar side of -N(CH3)3,
while it is near the long chain of the inner alkyl of the micelles.
When m is higher than 10, the line of a’-H and a-H obviously
moved to the up field with the increase of puerarin concentra-
tion. This indicates that the location of puerarin makes a change
from the inner to the outer of the CTAB micelles, which made
a’-H and a-H locate above or under the plane of the aromatic
ring of puerarin. So we can deduce that puerarin will move to

Table 1
Chemical shifts (ppm) of individual groups of protons in the presence of puerarin

e c-d b a a'
CH5—(CH,);5—CH,—CH,—N"(CH);Br"

m=100Cpuerarin/Cctap ~ CTAB

a-H a’-H b-H c-H d-H e-H

0 3313 3.088 1.691 1299 1.209 0.796
5 3312 3.086 1.688 1.293 1209 0.796
10 3310 3.085 1.684 1296 1.208 0.795
20 3304 3.079 1.684 1.288 1.206 0.794
40 3302 3.073 1.683 1.284 1.206 0.795
AS 0.011  0.015 0.008 0.015 0.003 0.001

Concentration of CTAB is 8.0 x 1073 mol L.
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Fig. 8. Influence of CTAB concentration on the fluorescence intensity of puer-
arin (¢=3.0 x 107> molL™"). CTAB (molL~"): (1) 0.0, (2) 1.0 x 107%, (3)
9.2 x 1074, (4) 8.0 x 1073, (5) 3.0 x 1072, (6) 5.0 x 1072. The excited wave-
length is 330 nm and the emission wavelength is 470 nm.

the edge of the micelles. Because of the location on the edge
of micelles, the electrostatic force between negatively charged
puerarin and the polar groups of CTAB micelles is increased,
which will promote the deprotonation reaction of puerarin and
cause a rightward shift of equilibrium. Such dynamic process of
puerarin’s location in CTAB micelles induces the change in its
acid-base properties to the deprotonation reaction.

The interaction of puerarin with CTAB micelles is further
studied by the fluorescence method. Fluorescence spectra of
puerarin at pH 7.02 are depicted in Fig. 8. In this condition,
both uncharged (H>Pu) and monoanionic (HPu™) forms co-exist
and the fluorescence spectra for both species exhibited peaks at
around 470 nm with the excitation wavelength being 330 nm.
So the fluorescence polarization (P), binding constant (K) and
partition coefficient (Pypw) are affected by both uncharged and
monoanionic forms of puerarin.

When puerarin is mixed with CTAB micelles, its fluores-
cence intensity is increased markedly (curves 1-4 in Fig. 8).
When the CTAB concentration is higher than cmc2, the fluores-
cence intensity of puerarin decreases suddenly (curves 5 and 6
Fig. 8). This result is due to the different solubilized space pro-
vided by spherical and rod-like micelles. With the B-ring of the
puerarin molecule solubilized in the CTAB micelle, the rotation
of the B-ring is limited, the planarity of the whole molecule is
increased and the  conjugation is extended, eventually lead-
ing to the increase of its fluorescence intensity. When puerarin
is added to the CTAB rod-like micelle, the decreasing solubi-
lization space and the more compact structure no longer permit
more puerarin molecules to be located in CTAB micelle, and
as a result, puerarin is mainly located in aqueous phase, so the
fluorescence intensity is reduced.

The plot of the fluorescence polarization (P) against the
CTAB concentration will further prove the above interpretation.
As we know, the fluorescence polarization (P) has a relation-
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Fig. 9. Variation in the fluorescence polarization (P) of puerarin
(¢=3.0x 107> molL™!) with CTAB concentration. The excited wave-
length is 330 nm and the emission wavelength is 470 nm.

ship with the molecular rotation velocity and the microviscosity
[28]. The changes in the fluorescence polarization (P) of puer-
arin with the CTAB concentration are shown in Fig. 9. It can
be seen that, when the concentration of CTAB is below cmc2,
the values of the P increase continuously with increasing CTAB
concentration, which means the molecular rotation velocity of
puerarin is decreased as a result of its solubilization into the
micelle which cause a lowering of pK in micellar solutions.
But when the CTAB micelle changes to rod-like (above cmc2),
the fluorescence polarization (P) shows a little decrease. The
decreasing solubilization space and more compact structure of
the rod-like micelle accounts for this, with the room for the
puerarin decreasing, the number of puerarin molecules being
tied is decreased and the number of free puerarin molecules is
increased. So, more and more puerarin molecules exist in aque-
ous phase in uncharged form, which also results in a rightward
shift of acid-base equilibrium. As a result, the molecular rotation
velocity of puerarin is increased and the value of P decreases.
This result is accordant with the above conclusions about those
of the UV-vis and fluorescence spectra.

The model employed to determine the binding constant
between fluorescent molecules and spherical micelles is based
on the fluorescence quantum yields in both aqueous and ordered
micelles. The binding constant, K, is obtained from the following
equation [29]:

(-1'16) o] 0

Here, I is the fluorescence intensity of the system, Iy the fluo-
rescence intensity of the system in the absence of micelle, Iy
the maximum fluorescence intensity obtained, Cs the concen-
tration of the surfactant, and y the quenching coefficient (y =1).
However, because the increase of puerarin fluorescence intensity



J. Xi, R. Guo / Journal of Pharmaceutical and Biomedical Analysis 43 (2007) 111-118 117

sy’

" 1 L 1 " 1 " 1 L 1 " 1 " 1 " 1
200 400 600 800 1000 1200 1400 1600 1800
1/(C¢-cme) (mol™.L)

Fig. 10. Plotting of [(//Iy) — 117! vs. 1/(Cs — cmc). Concentration of puerarin
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always takes place at concentrations higher than the first criti-
cal micelle concentration, the corresponding Cs values must be
changed to a micellar form, Cyj, expressed by:

Cyv = Cs — cmce 4

Therefore, by substitution of Eq. (4) into Eq. (3), an expres-
sion which relates the increase of fluorescence intensity with the
concentration of micellized surfactant can be obtained:

1" 1)1 el

The plot of [({/1p) — 117! versus 1/(Cs — cmc) gives a straight
line, and the value of the binding constant can be obtained from
the quotient of the intercept and slope of this line (Fig. 10). The
distribution coefficient (Pyw) of puerarin between the CTAB
micellar phase and the bulk aqueous phase can be obtained
through the following equation [30]:

K =(Puw — DV (6)

where K is the binding constant, Pyw the distribution coeffi-
cient, and V the partial molar volume (Vcrag is 0.37 L/mol

Table 2
Binding constant K and partition coefficient Pyrw in different concentrations of
puerarin in CTAB micelles

T(°C) Puerarin (1075 mol L™ ") K Pumw
25.0 1.0 543.9 1484.8
3.0 1672.1 4520.2
5.0 21483 5807.2
77 F
(]
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75 o
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Fig. 11. Linear dependence of the In K on 1/7.

puerarin. The binding constant is related to standard Gibbs free
energy AG° by the equation of AG°=—RTIn K. The increase
in concentration of puerarin affects the aggregation number of
CTAB micelles and causes the change of the AG® value, so
the binding constant and partition coefficient are changed along
with the concentration of puerarin. The larger values of K and
Pyvw mean more and more puerarin molecules are located in
CTAB micelles, and the electrostatic force between the nega-
tively charged puerarin and cationic CTAB (CTA") is enhanced,
which will be favor the movement of acid-base equilibrium to
the right side.

The thermodynamics functions of the binding process can be
calculated from the following equations:

[31]). Table 2 shows the binding constant K and the distribution =~ AG = —RT In K @)
coefficient Pypw of puerarin in CTAB micelles, respectively. As AH /1
Table 2 shows, the higher the puearin concentration is, the larger | g = — () +C (®)
the values of the partiotion coefficient and binding constant of R \T
Table 3
Binding constant of puerarin with CTAB micelles and the thermodynamic functions of the binding process
TC0O) Puerarin K AG AS AH

(10~ mol L") (kI mol~") (Imol~' K1) (kimol ™)
25.0 2148.3 —19.02 17.15
30.0 2021.2 —19.17 17.38
38.0 5.0 1788.3 —19.37 17.57 —13.90
45.0 1500.7 —19.34 17.10
55.0 1310.2 —19.58 17.30
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AG = AH — TAS ©)

Here AG s the Gibbs free energy, AH the enthalpy, C a constant,
and T the absolute temperature. The slope of the plot of InK
vs. 1/T can be used to calculate the enthalpy (AH) (Fig. 11).
Table 3 shows the binding constant K and the thermodynamics
functions of the binding process. From Table 3, we can see that
the binding of puerarin to the CTAB micelles is a spontaneous
behavior (AG<0), AH <0 indicating the process of puerarin
interaction with the CTAB micelles is an exothermic process.
The rise in the temperature is unfavorable to the location of the
puerarin in the CTAB micelles. Thus, the value of K decreases
with increasing temperature accordingly. In addition, the value
of AH (—17.03kJ/mol) is smaller than that of the interaction
energy of the chemical bond (>100 kJ/mol) [32], indicating the
interaction force between puerarin and CTAB micelle is a weak
intermolecular force (mainly the electrostatic and hydrophobic
force).

4. Conclusions

Puerarin, isolated from Pueraria lobota, is one of the most
popular Chinese herbal medicines that is traditionally used to
reduce febrile symptoms and is also used as an antiinebria-
tion agent. In this paper, the acid—base properties of puerarin
in CTAB micelles are studied by electronic absorption, fluores-
cence emission, 'HNMR measurements, and the ab initio quan-
tum calculation. Experiments suggest that with the increasing
puerarin concentration, the NMR chemical shifts of a-H and a’-
H in CTAB obviously decrease, this indicates the solubilization
location of puerarin in CTAB moves from inner to the outer of
CTAB micelles. This dynamic process of puerarin’s localization
in CTAB micelles causes the acid—base equilibrium of puerarinto
move to the deprotonation reaction, enhancing the interaction
between puerarin and CTAB, and promoting the formation of
the puerarin—-CTAB associate. The interaction between puerarin
and micelles (binding constant and distribution coefficient) also
affects the acid-base properties of puerarin.
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