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Abstract—The semi-synthesis, in vitro and in vivo biological evaluation of corosolic acid (1) and maslinic acid (2) are described.
Compounds 1 and 2 represent a new class of inhibitors of glycogen phosphorylases. Both 1 and 2 inhibit the increase of fasted plas-
ma glucose of diabetic mice induced by adrenaline. It is therefore proposed that naturally occurring pentacyclic triterpenes 1 and 2
might reduce blood glucose, at least in part, through inhibiting hepatic glycogen degradation.

© 2005 Elsevier Ltd. All rights reserved.

Corosolic acid (1) has recently attracted much attention
due to its biological activities, such as anti-diabetes,’
anti-inflammation,> antiproliferation,> and protein
kinase C inhibition activities.* Compound 1 is the pri-
mary active principle of a plant extract (commercially
named Glucosol), which has been marketed in Japan
and the United States for reducing blood glucose levels
and weight-loss.”> Maslinic acid (2), which has a similar
structure with 1, has also drawn much interest due to
its anti-tumor,® anti-HIV,” and antioxidant activities.®
Surprisingly, despite the obvious biological importance
of 1 and 2, little was reported regarding a practical syn-
thetic preparation of both compounds.” On the other
hand, it is very tedious and expensive to obtain pure
compound 1'° or 2'" by plant extraction. As part of
our projects aimed at developing pentacyclic triterpenes
as preventive and therapeutic agents, we hoped to estab-
lish a practical synthetic preparation of 1 and 2.

Glycogen phosphorylases (GP), which catalyze the first
step of glycogen breakdown, play an important role in
glucose metabolism, especially in glycogenolytic path-
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way. It is well known that liver GP is the major enzyme
for controlling hepatic glucose output, and inhibition of
this enzyme may afford a useful therapeutic approach
for type 2 diabetes.'”® Moreover, GP inhibitors might
also find pharmaceutical applications in treatment of
cardiovascular diseases'® and tumors.!'* Several structur-
al classes of GP inhibitors have been reported, whose
binding sites identified in GP include the catalytic site,
the purine inhibitory site (also known as I-site), the allo-
steric site, the glycogen storage site, and a novel alloste-
ric inhibitor site.!?>!2¢12d Attention attracted in this
area remains high as evidenced by the frequent appear-
ance of related patents and publications.

Herein, we report an efficient semi-synthesis of 1 and
2, starting from readily available ursolic acid and
oleanolic acid, respectively. Most importantly, we report
here, for the first time, that 1 and 2 represent a new class
of natural inhibitors of glycogen phosphorylases.
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The syntheses of 1 and 2 are summarized in Scheme 1.
Commercially available ursolic acid 3a was mixed with
benzyl chloride and potassium carbonate in DMF at
85 °C for 2 h to give benzyl ester 4a in 96% yield. Con-
sidering that short chain alkyl esters of the C-28 carbox-
ylic acid, such as C-28 methyl ester or ethyl ester, could
not be hydrolyzed by conventional hydrolysis methods
(e.g., basic or acidic aqueous conditions), we chose ben-
zyl as the protecting group, which can be easily removed
later on by catalytic hydrogenolysis without effecting the
C12-13 double bond. Oxidation of 4a with PCC in
CH,Cl, at 0 °C to room temperature for 24 h afforded
5a in 89% yield after simple work-up and crystallization
from ethanol. Reaction of 5a with vinyl acetate or iso-

3a R'=CHg, R’=H
3b R'=H, R?=CH,

AcO 6a R'=CHj, R?=H

6b R'=H, R?*=CH,
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propenyl acetate catalyzed by concentrated sulfuric acid
gave enol acetate 6a in 91% yield. Treatment of 6a with
excess borane-THF solution, followed by adding alka-
line H,O,, afforded 2a,3B-diol 7a (55%) as the major
product after column chromatography purification.
The major side products were 5a (produced by saponifi-
cation of 6a) and 4a (produced by reduction of the re-
formed 5a). Another possible isomer (23,3a) was only
trace amount due to the high stereospecificity of the
reaction and could be removed by column chromatogra-
phy. Hydrogenolysis of 7a over palladium/carbon in
THF furnished 1 in quantitative yield.!> In a similar
fas1116ion, 2 was synthesized, starting with oleanolic acid
3b.

4a R'=CHj, R*=H
4b R'=H, R°=CH,

5a R'=CHg, R°=H
5b R'=H, R?=CHs

7a R'=CHj,3, R*=H
7b R'=H, R?=CH,

2 R'=H, R°=CH,

Scheme 1. Reagents and conditions: (i) K,CO3, BnCl, DMF, 85 °C; (ii) PCC, CH,Cl,; (iii) AcOCH=CH,, concd H,SOy (cat.), 100 °C; (iv) a—BH3—

THF; b—H,0,, NaOH; (v) H,, Pd/C, THF, rt.
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The hypoglycemic mechanism of 1 is not clear,!” there-
fore, more research work is still needed to unanimously
solve the puzzle. In this regard, we tested 1 in enzyme
inhibition assay against GP since we hypothesized that
1 and related triterpenes might lower blood glucose by
inhibiting hepatic glycogen degradation. Considering
that muscle GP and liver GP share considerable se-
quence similarity, we first employed rabbit muscle GPa
for the enzyme assay since this enzyme was commercial-
ly available. As described previously,'® the activity of
rabbit muscle GPa was measured through detecting
the release of phosphate from glucose-1-phosphate
in the direction of glycogen synthesis. The results are
outlined in Figure 1. To our delight, 1 exhibited
moderate inhibitory activity on rabbit muscle GPa
(IC50 =20 uM). Not surprisingly, 2 also effectively
inhibited this enzyme (ICsq = 28 uM). In our assays, 1
and 2 were at least 4-fold more potent than caffeine
(ICsp = 114 uM), a proverbial GP inhibitor.!?

We also examined the effect of varying glucose concen-
trations on the ICsq values for 1, 2, and caffeine, because
some GP inhibitors were reported to be more potent in
the presence of high glucose concentrations.!”?? As
shown in Figure 2, at high glucose concentrations, the
relative ICs, values for 1, 2, and caffeine were signifi-
cantly decreased, indicating the increases in potency
for the test compounds.

Encouraged by the results obtained with muscle GPa,
we further tested 1 and 2 on purified liver GPa obtained
by extraction from rat liver as described by Fosgerau
et al?! The assay results showed that both 1
(ICs50 =101 pM) and 2 (ICs59 =99 uM) were inhibitors
of rat liver GPa (Fig. 3), whereas -caffeine
(IC50 = 648 uM) was a 6-fold less potent inhibitor of
rat liver GPa. Although 1 and 2 were less potent as rat
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Figure 1. Inhibition of rabbit muscle GPa by 1, 2, and caffeine. GPa
activity was measured at varied concentrations of 1 (H), 2 (4) or
caffeine (A). The data are plotted as percent inhibition versus
concentration of compound. Results are means + SEM for three
independent experiments.
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Figure 2. The effect of glucose on the potency of 1 (M), 2 () or caffeine
(A). ICs, values for rabbit muscle GPa inhibition were determined at
varied glucose concentrations and then normalized by dividing the
values by the ICsy values obtained in the absence of glucose. The
normalized results are plotted as a function of glucose concentration.
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Figure 3. Inhibition of rat liver GPa by 1, 2, and caffeine. GPa activity
was measured at varied concentrations of 1 (A), 2 (H) or caffeine (¢).
The data are plotted as percent inhibition versus concentration of
compound. Results are means+ SEM for three independent
experiments.

liver GPa inhibitors than as rabbit muscle GPa inhibi-
tors in our assays, we could not conclude that 1 and 2
were more selective for muscle GPa than for liver
GPa, since the rabbit muscle GPa used for the assay
was pure commercial product, while the rat liver GPa
used for assays was self-prepared and thus had a differ-
ent quality from the muscle enzyme. However, in either
muscle GPa or liver GPa assays, both 1 and 2 were at
least 4-fold more potent than caffeine.

Based on their potency in the enzyme assays, 1 and 2
were evaluated for their hypoglycemic activity in adren-
aline-induced diabetic mice since it is well known that
adrenaline is thought to induce high blood glucose by
indirect stimulating glycogenolysis and therefore
increasing hepatic glucose production. Test compounds
were administered orally at 100 mg/kg/day for 7 days.
Not surprisingly, the preliminary animal study results
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Table 1. Effect of 1 and 2 on fasted plasma glucose of hyperglycemic
mice induced by adrenaline (n = 10)

Compound Dose Fasted plasma glucose (OD)

(mgfkg) op 2h 4h
Vehicle 0.138 +0.028 0.149 + 0.037 0.124 +0.019
1 100 0.111+0.019 0.076+0.026 0.083 +0.017

2 100 0.117 £0.032 0.081 £0.027 0.079 = 0.023

(Table 1) showed that both compounds significantly
inhibited the increase of fasted plasma glucose of diabet-
ic mice induced by adrenaline. To the best of our knowl-
edge, this is the first report that 2 is capable of reducing
blood glucose of diabetic mice, while 1 is a well-known
hypoglycemic agent. Further in vivo studies on 1, 2,
and related products as hypoglycemic agents are
ongoing.

In summary, we have identified corosolic acid (1) and
maslinic acid (2) as a new class of inhibitors of glyco-
gen phosphorylases. This discovery affords novel lead
compounds for developing potent GP inhibitors. As
an effort to identify the possible binding sites in GP
for 1 and 2, molecular modeling study is still in pro-
cess. Based on the in vitro and in vivo studies, it is
therefore proposed that naturally occurring pentacyclic
triterpenes 1 and 2 might reduce blood glucose, at least
in part, through inhibiting hepatic glycogen degrada-
tion. The advantages of these natural GP inhibitors
as anti-diabetic agents are obvious: (a) they are mild
GP inhibitors, and thus side effects caused by strong
and nonselective GP inhibition by synthetic GP inhib-
itors are avoidable; (b) they are nontoxic, for example,
2 is an abundant constituent of olive fruit;'! (c) except
for lowering blood glucose, they also exhibit other
therapeutic benefits such as anti-inflammation® and
antioxidant activities,® etc. Extensive research on lead
optimization and biological evaluation of pentacyclic
triterpenoids as a new class of GP inhibitors is in pro-
gress in our laboratory. Further reports will describe
structure—activity relationships in a wider series of pen-
tacyclic triterpenoids.
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