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Abstract—Inhibition of protein tyrosine phosphatase 1B (PTP1B) has been proposed as a therapy to treat type 2 diabetes and obes-
ity. In our preliminary screening study on the PTP1B inhibitory activity, a CH2Cl2-soluble extract of the roots of Acanthopanax
koreanum (Araliaceae) was found to inhibit PTP1B activity at 30 lg/ml. Eight diterpenoids were isolated from the active fraction
and were evaluated for their inhibitory effect on PTP1B. A kaurane-type diterpene, 16aH,17-isovaleryloxy-ent-kauran-19-oic acid
(7), inhibited PTP1B with an IC50 value of 7.1 ± 0.9 lM in a non-competitive manner. Acanthoic acid (2) and ent-kaur-16-en-19-oic
acid (5) also inhibited PTP1B in dose-dependent manners. Either introduction of a hydroxyl group or reduction of a carboxyl group
at C-19 in pimarane-type to alcohol abolished the inhibitory effects toward PTP1B.
� 2006 Elsevier Ltd. All rights reserved.
Protein tyrosine phosphatases (PTPs), which dephos-
phorylate the phosphotyrosine residues of proteins, have
an important role in intracellular signaling and metabo-
lism. Although several PTPs such as PTP-a, leukocyte
antigen-related tyrosine phosphatase (LAR), SH2-
domain-containing phosphotyrosine phosphatase
(SHP2) have been implicated in the regulation of insulin
signaling, there are substantial evidences supporting
PTP1B as the critical PTP controlling insulin signaling
pathway.1,2 PTP1B can interact with and dephosphory-
late the activated insulin receptor (IR) as well as insulin
receptor substrate (IRS) proteins.1,2 Its overexpression
has been shown to inhibit the IR signaling cascade and
increased expression of PTP1B occurs in insulin-resistant
states.3 Furthermore, recent genetic evidence has shown
that PTP1B gene variants are associated with changes in
insulin sensitivity.4 As with the insulin signaling pathway,
the leptin signaling pathway can be attenuated by PTPs
and there is compelling evidence that PTP1B is also in-
volved in this process.1,2 Therefore, it has been suggested
that compounds that reduce PTP1B activity or expression
levels could not only be used for treating type 2 diabetes
but also obesity. Although there have been a number of
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reports on the designing and development of synthetic
PTP1B inhibitors,1,5 only a few studies have been report-
ed as PTP1B inhibitors derived from plants.6

In our screening program for search of PTP1B inhibi-
tors from plants, a CH2Cl2-soluble extract of the roots
of Acanthopanax koreanum (Araliaceae) was found to
inhibit PTP1B activity (72% inhibition at 30 lg/ml).
A. koreanum is a medicinal plant indigenous to Korea.7

The roots and stem barks of A. koreanum have been
traditionally used as a tonic and to treat rheumatism,
hepatitis, and diabetes.7 Previous phytochemical investi-
gations on this plant have resulted in the isolation of
triterpenes, lignans, and diterpenes.8–12 Although
A. koreanum has been traditionally used to treat diabe-
tes, there has been no study with regard to its anti-dia-
betic effect. Because the CH2Cl2-soluble extract of the
roots of this plant was found to inhibit PTP1B consid-
ered as a target for the treatment of type 2 diabetes, in
this study, we investigated the PTP1B inhibitory com-
pounds from this active fraction. Bioassay-guided
fractionation of the CH2Cl2-soluble fraction led to the
isolation of three PTP1B inhibitory diterpenoids,
acanthoic acid (2), ent-kaur-16-en-19-oic acid (5), and
16aH,17-isovaleryloxy-ent-kauran-19-oic acid (7), along
with their five derivatives. All the isolated diterpenoids
1–8 (Fig. 1) were evaluated for their inhibitory effect
on PTP1B.
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Figure 1. Structures of diterpenoids 1–8 isolated from Acanthopanax koreanum.
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The roots of A. koreanum were obtained from Susin
Ogapi Co., Korea, and identified by Prof. Young Ho
Kim, College of Pharmacy, Chungnam National
University. A voucher specimen (CNU96076) has been
deposited in the herbarium of the College of Pharmacy,
Chungnam National University (Korea). The dried
roots (1.2 kg) were extracted with MeOH at 50 �C for
72 h. The MeOH extract (98 g) was suspended in H2O
(1.5 L) and partitioned with CH2Cl2 (1.5 L · 3) and
BuOH (1.5 L · 3), sequentially. Since the CH2Cl2-solu-
ble fraction showed PTP1B inhibitory activity (72%
inhibition at 30 lg/ml), this fraction (47 g) was further
purified by silica gel column chromatography using a
stepwise gradient of hexane–EtOAc (from 20:1, 10:1,
5:1, 3:1, 1:1 to 0:1; 2 L for each step), to yield five frac-
tions (Fr. 1–Fr. 5). Of these, Fr. 1 and Fr. 3 showed the
most potent PTP1B inhibitory activity (75 and 74%
inhibition at 10 lg/ml). Fr. 1 [eluted with hexane–EtOAc
(from 20:1 to 10:1), 10.7 g] was purified by preparative
reversed-phase HPLC using a gradient from 80% to
100% MeOH over 30 min, then 100% MeOH for
20 min (Shiseido Capcell Pak C18 column; 10 · 250
mm; 5 lm particle size; 2 ml/min; UV detection at
210 nm), to afford compounds 2 (320 mg) and 5
(1.7 mg). The active fraction, Fr. 3 [eluted with hex-
ane–EtOAc (from 20:1 to 10:1), 1.2 g], was subjected
to silica gel column chromatography using a stepwise
gradient of hexane–EtOAc (from 9:1, 5:1, 3:1, 1:1 to
0:1; 1 L for each step), to yield four subfractions (Fr.
3–1–Fr. 3–4). Compound 7 (2.9 mg) was obtained by
recrystallization in MeOH from Fr. 3-4 [eluted with hex-
ane–EtOAc (1:1)]. Fr. 5 which showed moderate PTP1B
inhibitory activity (45% inhibition at 30 lg/ml) was also
separated by repeated silica gel column chromatography
and reversed-phase MPLC on LiChroprep� RP-18 col-
umn [25 · 310 mm; 40–63 lm particle size; 5 ml/min;
eluted with MeOH–H2O (2:1)] as described previous-
ly,8,9,12 to afford compounds 1 (1.2 mg), 3 (4.0 mg), 4
(3.0 mg), 6 (3.5 mg), and 8 (10.3 mg). These compounds
isolated were determined by HPLC to be >95% pure.
Eight diterpenoids were identified as acanthol (1),
acanthoic acid (2), 7b-hydroxy-ent-pimara-8(14),
15-dien-19-oic acid (3), acanthokoreoic acid A (4),
ent-kaur-16-en-19-oic acid (5), 16a-hydroxy-ent-kau-
ran-19-oic acid (6), 16aH,17-isovaleryloxy-ent-kauran-
19-oic acid (7), and 16a-hydroxy-17-isovaleryloxy-ent-
kauran-19-oic acid (8) by analyses of MS and NMR
data, and comparison with those in the literature.8,9,12,13

PTP1B (human, recombinant) was purchased from
BIOMOL� International LP (USA) and the enzyme
activity was measured using p-nitrophenyl phosphate
(pNPP) as described previously.14,15 All the isolated
diterpenoids were dissolved in DMSO to obtain a stock
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Figure 2. A Lineweaver–Burk plot of the inhibitory effect of com-

pound 7 on PTP1B-catalyzed hydrolysis of pNPP. Data are expressed

as mean initial velocity for n = 3 replicates at each substrate concen-

tration. Symbols: (*) 0 lM, (d) 4 lM, (m) 6 lM, (�) 10 lM, and (j)

12 lM compound 7.
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solution of 5 mM, and appropriate dilutions were made
before the enzyme assay (final DMSO concentration
<3%, and control activity was not affected by this
concentration). The PTP1B inhibitory activity of the
isolates was tested in vitro, and the results are presented
in Table 1. Of the compounds tested, 16aH,17-isovale-
ryloxy-ent-kauran-19-oic acid (7) which possesses an
isovaleryloxy group at C-17 of kaurane-type exhibited
the most potent inhibitory activity (IC50 = 7.1
± 0.9 lM). However, compound 8 (IC50 > 30 lM)
substituted a hydroxyl group at C-16 of 7 exhibited
significantly lower activity than 7. A similar case was
observed between compounds 5 and 6. ent-Kaur-16-
en-19-oic acid (5) without a hydroxyl group at C-16
was much more effective than 6 with a hydroxyl group.
These results indicate that substitution of a hydroxyl
group at C-16 of kaurane-type decreases the inhibitory
activity of PTP1B. A pimarane-type diterpene, acanth-
oic acid (2), inhibited PTP1B in a dose-dependent
manner (IC50 = 23.5 ± 1.8 lM), whereas compound 1
converted a carboxyl group at C-19 to a primary alcohol
did not exhibit PTP1B inhibitory activity up to 30 lM.
This suggests that a carboxyl group at C-19 of pimara-
ne-type is essential for the activity. Other pimarane-type
diterpenes, compounds 3 and 4 bearing a hydroxyl
group at C-7 and C-9, respectively, had no activity at
levels up to 30 lM. A known phosphatase inhibitor,
RK-682 (3-hexadecanoyl-5-hydroxymethyl tetronic
acid, IC50 = 4.5 ± 0.5 lM) isolated from Streptomyces
sp. 88-682,16 was used as a positive control in this assay.
Although the structure–activity relationships of these
compounds were not thoroughly investigated, substitu-
tion of a hydroxyl group and reduction of a carboxyl
group appeared to reduce the inhibitory activity of
PTP1B. To elucidate the inhibition mode of the most
active diterpene 7 on the activity of PTP1B, kinetic
analysis was performed with different concentrations
of substrate.15 As shown in Figure 2, the mechanism
of inhibition by the compound was determined using a
Lineweaver–Burk plot. When p-nitrophenyl phosphate
(pNPP) was used as substrate, 7 decreased the Vmax

value, but did not alter the Km value of PTP1B
(Fig. 2). Thus, 7 was determined as a non-competitive
Table 1. The inhibitory activity of the compounds 1–8 isolated from

Acanthopanax koreanum against PTP1B

Compounds PTP1B inhibitory

activity IC50
a (lM)

Acanthol (1) >30

Acanthoic acid (2) 23.5 ± 1.8

7b-Hydroxy-ent-pimara-8(14),15-dien-

19-oic acid (3)

>30

Acanthokoreoic acid A (4) >30

ent-Kaur-16-en-19-oic acid (5) 20.2 ± 1.3

16a-Hydroxy-ent-kauran-19-oic acid (6) >30

16aH,17-isovaleryloxy-ent-kauran-19-oic

acid (7)

7.1 ± 0.9

16a-Hydroxy-17-isovaleryloxy-ent-

kauran-19-oic acid (8)

>30

RK-682b 4.5 ± 0.5

a IC50 values were determined by regression analyses and expressed as

means ± SD of three replicates.
b Positive control.16
inhibitor with a Ki value of 10.4 lM, indicating that it
may bind to the enzyme–substrate complex or interact
with an allosteric site distinct from the active site of
PTP1B.17

Pimarane-type and kaurane-type diterpenes have been
reported to reduce nitric oxide and prostaglandin E2

production,18 to suppress IL-1, IL-8, and TNF-a pro-
duction,8,19 and to inhibit NFAT transcription factor.12

Besides, these diterpenes have been known to possess a
wide range of biological activities that include analgesic,
anti-inflammatory, antibacterial, cytotoxic, and hepato-
protective activities.20,21 However, to our knowledge,
PTP1B inhibitory activity of diterpenoids is now being
reported for the first time in this study. Binding of
insulin to the extracellular a-subunit of IR triggers a
conformational change that activates the intrinsic
tyrosine kinase activity of the b-subunit via autophospho-
rylation of specific tyrosine residues. This results in the
phosphorylation of IRS 1–4, which then activates several
signaling cascade that biological response, such as glucose
transport into the cell and glycogen synthesis.1,2 Since
PTP1B acts as a negative regulator by dephosphorylating
the IR as well as IRS proteins, its inhibitors could be
potential agents for the treatment of type 2 diabetes.
Interestingly, the genus Acanthopanax has been used to
treat diabetes, and a recent study has demonstrated that
this genus has the ability to improve insulin sensitivity
in rats induced by fructose-rich chow feeding and to
reduce plasma glucose levels in animal model.22 Although
the antihyperglycemic activity of isolated diterpenoids in
diabetes-related animal models has not been directly
evaluated yet, our results suggest that the PTP1B inhibito-
ry activity of diterpene constituents might be related with
the anti-diabetic effect of this plant.
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