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Base-catalyzed isomerization of prostaglandin A, (PGA,) to prostaglandin B, (PGB,)
was significantly accelerated by «- and g-cyclodextrins (x-CyD, g-CyD), where catalytic
eftect of f-CyD was larger than that of «-CyD. Stability constants and rate constants
of PGA;-cyclodextrin (CyD) complexes were kinetically determined on the base of 1: 1
inclusion complex formation. In order to elucidate the catalytic mechanism of CyDs,
effects of variables such as pH, ionic strength, cationic and anionic salts, and solvents
on the isomerization rate were studied in the absence and in the presence of CyDs. Fur-
thermore, activation parameters for CyD-catalyzed isomerization were determined.
The results indicated that the catalytic effect of CyDs was mainly ascribable to confor-
mational changes of PGA,; molecule within the cavity of CyDs and hydrophobic interaction
appeared to be predominant as a binding force.

Keywords prostaglandin A,; prostaglandin B,; «- and f-cyclodextrins; isomeri-
zation rate of prostaglandin A;; cyclodextrin inclusion catalysis; stability constant;
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Prostaglandins are widely distributed in body and have a variety of physiological and
pharmacological activities. Since subtle changes in structures of prostaglandins cause quite
different activities, it has been suggested that stereospecific interaction between prostaglan-
dins and hypothet1ca1 receptor sites is important for appearance of their activities.2? From
this standpoint, conformational analyses on stable conformers of prostaglandins have been
investigated by several authors.®® However, reactive conformers rather than stable forms
should be considered in dynamic systems such as enzyme-catalyzed reactions. At present
time little is known about reactive conformers of prostaglandins.

Cyclodextrins (CyDs) are known to form inclusion complexes with many kinds of
molecules,® and utilized as enzyme models since CyD-catalyzed reactions exhibit many of
kinetic features shown by enzyme reactions, 4.c., catalyst-substrate complex formation,
competitive inhibition, saturation, and stereospecific catalysis.”® We recently reported
that some naturally occurring prostaglandins form inclusion complexes with «- and g-cyclo-
dextrins (x-CyD and g-CyD) in aqueous solution.” In this paper we report that «-CyD
and B-CyD, by virtue of their ability to fix prostaglandin A; (PGA,) to reactive conformer,
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enhanced the base-catalyzed isomerization of PGA, to give prostaglandin B, (PGB,), which
consequently elicites the loss of biological activity.!%!V To gain insight into the acceleration
mechanism, effects of pH, temperature, solvents, and salts on isomerization rate of PGA4
in the absence and in the presence of CyDs were investigated.
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Experimental

Materials PGA, was donated by Ono Pharmaceutical Co., Ltd. «-and f-CyDs were the gift of Teijin
Ltd. and recrystallized from water. All other materials and solvents were of analytical reagent grade.

Kinetics——The isomerization of PGA, in the absence and in the presence of CyDs was followed spectro-
photometrically by measuring the appearance of PGB, at 284 nm, as reported previously.?® = The reaction
was initiated by addition of a stock solution of PGA, in EtOH to phosphate buffer (constant pH and ionic
strength) at generally 60°, where the final concentrations of PGA,; and EtOH were 3.8 X 10-mand 3.2 v/v %,
respectively. In these experlmental conditions, no apprecla.ble side rea.ctlons“) such as formations of 8-
iso-PGA; and 15-epi- PGrA1 were observed 13)

Results and Dlscussmn

Effects of Cyclodextrin Concentrations

Treatmént of PGA,; with base results in internal rearrangement of the double bond
(410:11)  to form thermodynamlcally stable PGB, containing a dienone chromophore (see
Appendix). This isomerization reaction is known to
exhibit a first-order dependency on PGA,; concen-
tration.® 1In the present study, effects of «- and
p-CyDs having different cavity size on isomerization
of PGA, was investigated in phosphate buffer (pH
11.9). High pH and temperature of 60° were chosen
to accelerate the reaction rate because the measure-
ment was kinetically convenient.

Figure 1 shows the effects of a- and ‘ﬂ—Cst on
the observed rate constant (&), where both CyDs
significantly enhanced the rate of isomerization with
| ' : : — non-linear fashion. Since PGA; forms 1:1 inclusion

0 1 2 3 4 5
Conen. of CyD (X 10° m) complexes with CyDs in aqueous solution,? the depen-

Fig. 1. Observed Rate Constants K.
for the Isomerization of PGA, as PGA; + CyDs == PGA:;~CyDs
a Function of CyD Concentration l A ' l B
in Phosphate Buffer (pH 11.9, ° ¢
©=0.2) at 60° PGB, PGB: + CyDs

O: PGA;—a-CyD system,
@: PGA,—B-CyD system. Chart 2
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dency of ks on CyD concentration was quantitatively treated by Eq. (1)1419 to yield stability
constant (K,) and rate constant (%,) of the complex, based on Chart 2, where %, and (CyD),
are rate constant in the absence of CyDs and total concentration of CyD, respectively. As

(CyD)c 1
e Eq. 1
kobs"‘ko Kc‘(kc‘—kc) ( 4 )

1
= .(CyD
- (CyD): +

shown in Fig. 2, the plots according to Eq. (1) were linear, verifying 1:1 complexation
(Chart 2). Table I summarizes the results on &,, %, the ratio of %./k,, and K,. In the
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Kinetic Data (Fig. 1) according to
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O: PGA,;~—a-CyD system,
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1 1 ' Fig. 4. Effect of Ionic Strength on
10 11 12 Rate of Isomerization of PGA,; in
the Absence and in the Presence of
pH CyDs (5 x 10-m) in Phosphate Bufi-
Fig.3. pH Profiles for the Isomeriza- er (pH 11.0) at 60°
tion of PGA, in the Absence and in O: PGA, alone, A: PGA;+a-CyD,
the Presence of CyDs (5x 10~3m) at ®: PGA,+4-CyD.
60°

QO: PGA, alone, A: PGA,+a-CyD,
@®: PGA,+8-CyD. .
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comparison with «-CyD, PGA; complexed more strongly with f-CyD and the resultant
complex is more labile to isomerization reaction. Carbon 13 nuclear magnetic resonance
(NMR) study suggested® that «-CyD interacts preferably with w-side chain (Cy3—C,,) of
the prostaglandins because of the smaller cavity. On the other hand, larger 8-CyD cavity is
capable to include both «-(C;—C;) and w-side chains, which may result in rigid complex
formation with larger stability constant. Thus, this different mode of binding between
o- and p-CyDs may affect greatly the conformation of PGA, side chains in reactant state,
as mentioned later.

Effects of pH, Ionic Strength, and Temperature

Above results suggested that PGA,; indeed forms inclusion complex with CyDs, which
may consequently enhance the rate of isomerization. Then, to gain insight into the accel-
eration mechanism effects of pH, ionic strength, and temperature on isomerization rate were
investigated. TFigure 8 shows the pH-log rate profiles in the absence and in the presence of
CyDs over the pH range of 10.0—12.2. It was found that slopes of the pH profiles for PGA,
and its CyD complexes were identical (slope=0.75) even at high pH. This indicates that
any alkoxide ion effect of CyDs'® on this isomerization reaction was not operative. Figure 4
shows effects of ionic strength on % in the absence and in the presence of CyDs at higher
buffer concentration. In the absence of CyDs,
only a small effect was noted presumably due to

overriding phosphate buffer catalysis. In the pres-
0 ence of CyDs, however, slope in Fig. 4 became
greater (slope: without CyDs=0.19, with «-CyD=
0.31, and with g-CyD=0.32). This indicates that
05 primary salt effect!” upon the reaction between
T negative charge developed in PGA,; and hydroxide
E ion was promoted by the formation of inclusion
< Lor complexation.1®
g _
- —15- TasrE II. - Thermodynamic Activation
Parameters® of PGA,—-CyD Systems
* *
—2.0F | | | | System (kfzg/ﬁfgl) (kca]f:/?nol) Zzes.usja
3.0 3.1 3.2 3.3 PGA o3 6 18.1 18.7
oy 1 1 . . —15.
VT (X107 K™ PGA,~a-CyD 22.6 15.3 —24.1
Fig. 5. Arrhenius Plots for %, and &. PGA,-$-CyD 22.4 17.4 —-17.1
at pH 11.9 and p.=0.2 v ‘
O: PGA, alone, A: PGA;—a-CyD, a) Kinetic conditions were the same as in Fg. 4.
@: PGA,—$-CyD. Accuracy of +3%.

Figure 5 shows Arrhenius plots'® for %, and %, in the temperature range of 35°—60°.
The thermodynamic activation parameters calculated from the linear plots are listed in Table
II. It is noted that the rate accelerations induced by both «- and f-CyDs appeared to be
somewhat different thermodynamically each other, which is reflected especially in entropy
of activation (4S*). Although the difference in entropy can be generally explained by
orientation requirements of solvent molecules around the reaction center, conformational

16) pK, for alkoxyl group of CyDs is reported to be 12.2 [T.-F. Chin, P.-H. Chung, and J.L. Lach, J. Pharm.
Sci., 57, 44 (1968)].
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19) No experiments have been conducted to extrapolate the isomerization rate to zero buffer concentratwn.
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effects in PGA, molecule seem to be predominant in the present system. Prostaglandins
are known to exist in many conformational isomers,* since they are very flexible systems.
A most stable form of the five-membered ring is half-chair conformation puckered at Cg or
C12, which allows a maximum dispersion forces of attraction between o- and w-side chains.®
Thus, complexation of PGA; with CyDs is expected to cause a great conformational changes.
In other words, inclusion of PGA, side chains within the cavity of CyDs would provide
favorable conformation to allow the introduction of negative charge in cyclopentanone ring.
The larger negative value in 45* obtained for a-CyD system may reflect a significant require-
ment in molecular orientation, because «-CyD is assumed to include only one of side chain in
PGA,.*» The larger acceleration effect of f-CyD may be derived from the favorable change
in 4S*. Since interaction of whole PGA; molecule with g-CyD® would cause the association
of each side chain more proximately and the resultant complex may contain a lower absolute
entropy in reactant state than PGA, itself. Similar explanation has been made to differen-
tiate the reactivities between PGA; and PGA,.1D

Effects of Salts and Solvents

To determine the binding forces involving in complexation of PGA; with CyDs, effects
of salts and solvents on isomerization rate were conducted. Table III summarizes the salts

Tasre III. Effects of Inorganic Salts on Rate of Isomerization of
PGA, in the Absence and in the Presence of CyDs® at 60°

Rate constant (X 102 min~1)

Tonic :
species in the absence n twwst
of CyDs #-CyD p-CyD
Cation?
Li+ 1.28 4,51 7.06
Nat 1.24 4.32 5.36
K+ 1.21 3.84 - 5.27
Rb+ 1.06 3.77 5.19
Cst 1.10 3.50 5.30
Anion®
F- 2.50 7.43 11.8
Cl- 2.45 7.01 12.0
Br- 2.33 6.87 11.7
I- 2.20 4,94 9.86
ClO4~ 2.18 5.53 9.89
BrO;~ 2.20 5.86 9.91
10,~ 2.27 6.94 11.4
NO;~ 2.23 6.88 11.5

a) Concentration of CyDs was 5 X103 m,

b) Ionic strength and pH were adjusted to 0.5 and 10.4 with its
chloride salt and 0,1 » NaOH-0.1 » HCI, respectively.

¢) Tonic strength and pH were adjusted to 0.5 and 10.8 with its
potassium salt and 0.1 » NaOH-0.1 » HgPO,, respectively.

effects on k., in the absence and in the presence of CyDs. The greater the water structure-
forming tendency in both of cationic (Lit>Na*>K+>Cs*) and anionic (F->ClI=>Br=>I-)
ions,2” the larger the rate enhancement was generally noted. This indicates that hydro-
phobic interaction may play an important role in the association of PGA; with CyDs. In
the case of bulky ion systems such as KI, KClO,, and KBrOg, however, isomerization rate

20) W.P. Jencks, “Catalysis in Chemistry and Enzymology,” Mchra,w-Hill, Inc., 1969, p. 389.
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was significantly inhibited, particularly for «-CyD system indicating a competltmn between
salts and guest molecule for CyD inclusion.?!

Figure 6 shows the effect of ethanol concentration on 1somerlzat10n rate. In the absence
of CyDs, a linear negative slope was obtained, indicating a decreasing rate as the dielectric
constant of the solvent decreases.?2 In the presence of CyDs, however, k., decreased
rapidly with increasing ethanol concentration. Similar results were obtained when hydrox-
ylic or aprotic solvents such as 2-propanol, acetonitrile, dimethyl sulfoxide, and N,N-dimethyl
formamide were added to reaction solution. The rapid decrease of %, in CyD systems may
be ascribable to competitive inclusion between solvent and guest molecule toward CyD
cavity.1%,23)
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Concn. of ethanol (v/v %) . . f
-0
Fig.6. Effect of Etha,nol Concentra.tlon 10 . 20 0 30
on Rate of Isomerization of PGA, in Conen. of dioxane (v/v%)
the Absence and in the Presence of Fig. 7. Effect of Dioxane Concentration
CyDs (5x107*m) in Phoospha,te Buffer on Rate of Isomerization of PGA, in
(pH 11.4, 1.=0.2) at 60 Phosphate Buffer (pH 10.8, 1=0.2) at
O: PGA; alone, A: PGA,+a-CyD, : 60°

@: PGA,+8-CyD.

It is interesting to note that when dioxane was added to PGA, solution, significant rate
acceleration was observed, showing a feature of CyD-catalyzed isomerization, as shown in
Fig. 7. Bender et al'* reported that the ultraviolet (UV) spectrum of p-f-butylphenol
bound to ether-like CyD cavity resembles closely to that dissolved in dioxane. We recently
reported that nonionic micellar system of Brij-35 which also provides both hydrophobic and
ether-like fields accelerates the isomerization of PGA,.2% Above results suggest that hydro-
phobic and/or ether-like environment of CyD cavity is responsible for conformational change
of PGA, molecule to exert the rate acceleration.

Appendix
The isomerization reaction of PGA, to PGB, in alkaline pH region is assumed to proceed

through prostaglandin C; (PGC;)?® rather than direct conversion, as shown in Chart 3. In
this reaction pathway, the step 1, proton abstraction at C,,, appeared to be rate-determining

21) F. Cramer, W. Saenger, and H.-Ch. Spatz, J. Am. Chem. Soc., 89, 14 (1967); H. Schlenk and D.M. Sand,
ibid., 83, 2312 (1961); E.A. Lewis and L.D. Hansen, J. Chem. Soc. Perkin II, 1973, 2081.

22) G. Scatchard, Chem. Rev., 10, 229 (1932).

23) M. Otagiri, J.H. Perrin, K. Uekama, K. Ikeda, and K. Takeo, Pharm. Acta Helv., 51, 343 (1976).

24) K. Uekama, F. Hirayama, and S. Yamasaki, Bull. Chem. Soc. Jpn., 51, 1229 (1978).

25) H. Polet and L. Levine, J. Biol. Chem., 250, 351 (1975).
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- PGC, PGB:
Ri=-(CHz)sCOOH  Re=-CH(CHz)«CHs
o
Chart 3

because of the following reasons: (1) No significant UV spectral change due to the appearance
of intermediate PGC; (4,,,,=235 nm) was detectable in the present kinetic runs, indicating
that the steps 3 and 4 after PGC, formation may be rapid proceeding ones. (2) No appre-
ciable solvent isotope effect?® on the isomerization reaction was observable in the absence
and in the presence of CyDs. This suggests that step 2, protonation of trienolate, is not
rate-determining step.
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NII-Electronic Library Service





