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Abstract—Two novel pregnane glycosides, together with one new aglycone, were isolated from the roots of Stephanotis mucronata.
Their structures were determined by means of chemical evidence and extensive spectroscopic methods including 1D and 2D NMR.
The two pregnane glycosides displayed significant immunosuppressive activities in vitro.
� 2006 Elsevier Ltd. All rights reserved.
The dried roots and stems of Stephanotis mucronata
(Blanco) Merr. (Asclepiadaceae) are used for the treat-
ment of rheumatoid arthritis and relieve rheumatic
aches in folk medicine in the region of southern China.
The crude steroidal glycosides from the stems of S.
mucronata were evaluated by murine anti-inflammation
and adjuvant-induced arthritis experiments and showed
activities (not reported). In previous paper, we reported
the isolation and structural elucidation of 16 pregnane
glycosides, mucronatosides A–J and stephanoside E
from the stems1,2 and stemucronatosides A–G from
the roots3,4 of S. mucronata, and their immunological
activities. In a continuation of our interest in the biolog-
ical active constituents, chemical studies5 on CHCl3-sol-
uble material of the ethanolic extract from the roots of
this plant were undertaken by screening with immuno-
logical tests in vitro6 to lead to two novel pregnane gly-
cosides. Their chemical structures were determined by
acid hydrolysis and NMR spectra, including HMQC,
HMBC, and 1H–1H COSY techniques. Compounds 1
and 2 displayed significant immunosuppressive activities
in vitro by mice splenocyte proliferation assay.

Compound 1, ½a�20

D �50.1 (c 0.1, MeOH), mp 183–
185 �C, was isolated as an amorphous powder, and
had positive Liebermann–Buchard and Keller–Kiliani
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reactions, suggesting the presence of a steroid skeleton
and 2-deoxy sugar moieties in the molecule. Compound
1 showed an intense blue fluorescence in methanol solu-
tion, indicating the presence of an (N-methyl) anthrani-
noyl group.7 In the IR spectra of 1, there were
absorption bands at 1728 (C@O) and strong absorption
bands at 3425 (OH) and 1085 (C–O–C) cm�1. Acid
hydrolysis8 of 1 afforded an aglycone (3), mp 157–
159 �C, ½a�20

D �11.0 (c 0.1, MeOH). Compound 3 had a
molecular formula C31H45NO8 (582.3053
[C31H45NO8+Na]+, calcd 582.3037) on the basis of the
HR-ESI-MS, 13C NMR, DEPT, and quasimolecular
ion peak at m/z 560.0 [M+H]+, 582.0 [M+Na]+ in the
ESI-MS spectra. 13C and 1H NMR data9 of 3 showed
three methyls, eight methylenes, two methines, and
two quaternary carbons, three oxygenated quaternary
carbons, and three oxygenated methine carbons in the
steroid nucleus, and two acyl substituents in the side
chain. The acyl substituents in 3 were assigned as an ace-
tyl group, which was determined from 1H and 13C NMR
signals at d 2.08 (s, H-2 0), 171.5 (C@O), 22.2 (C-2 0), and
an (N-methyl) anthraniloyl group, which was character-
ized by the UV absorption bands at 222, 253, and
355 nm; the 1H NMR proton signals at d 6.70 (d, J =
8.5 Hz, H-300), 7.38 (ddd, J = 8.5, 8.0, 1.5 Hz, H-400),
6.53 (t, J = 7.5 Hz, H-500), 8.30 (d, J = 8.0 Hz, H-600),
2.76 (d, J = 5.0 Hz, N–CH3); and the 13C NMR carbon
signals at d 111.1 (C-100), 152.9 (C-200), 111.7 (C-300),
135.4 (C-400), 114.9 (C-500), 132.8 (C-600), 168.4 (C@O),
29.7 (N–CH3). Comparison of 13C and 1H NMR data
of 3 with those of stephanthraniline A indicated that 3
had a distinct similarity to stephanthraniline A,10 except
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Table 1. NMR data of compound 1 (d in parts per million, J in hertz, pyridine-d5)

Position 13Ca 1Hb HMBC 1H–1H COSY

Aglycone moieties

1 37.8 (t)c

2 29.5 (t)

3 76.6 (d) 3.88, m C-2, 5, Sa-C1

4 34.4 (t)

5 45.2 (d)

6 25.1 (t)

7 34.4 (t)

8 76.0 (s)

9 46.8 (d)

10 36.4 (s)

11 24.5 (t)

12 74.7 (d) 5.16, dd (11.5, 4.5) C-1 0, 18

13 57.2 (s)

14 88.7 (s)

15 33.5 (t)

16 33.9 (t)

17 87.8 (s)

18 11.8 (q) 2.05, s C-12, C-17

19 12.9 (q) 1.14, s C-5, C-9, C-10

20 74.8 (d) 5.21, q (6.0) C-700, 21 H-21

21 15.9 (q) 1.55, d (5.5) C-17, 20 H-20

12-O-Acetyl

10 171.3 (s)

20 22.0 (q) 2.11, s C-10

20-O-(N-Methyl) anthraniloyl

100 110.8 (s)

200 152.6 (s)

300 111.5 (d) 6.74, d (8.5) C-100, 500 H-400

400 135.1 (d) 7.43, ddd (8.5, 8.0, 1.5) C-200, 600 H-500

500 114.7 (d) 6.57, t (7.5) C-300 H-400, H-600

600 132.5 (d) 8.33, d (7.5) C-200, 400, 700 H-500

700 168.2 (s)

800 NCH3:29.5 (q) NCH3:2.81, d (5.0) C-200

Sugar moieties

cym

Sa-1 95.9 (d) 5.32, d (9.0) C-3, Sa-C2 Sa-H2

Sa-2 37.0 (t) 2.23, m; 1.73, m Sa-C1, C3

Sa-3 78.2 (d) 4.10, m Sa-C2, C4, OCH3 Sa-H6

Sa-4 83.5 (d) 3.53, d (8.5) Sb-C1, Sa-C5, C6, OCH3

Sa-5 69.1 (d) 4.28, m Sa-C1, C6

Sa-6 18.7 (q) 1.45, d (6.0) Sa-C4, C5

Sa-OCH3 59.0 (q) 3.65, s Sa-C3

cym

Sb-1 100.4 (d) 5.14, d (9.5) Sa-C4, Sb-C2 Sb-H2

Sb-2 37.3 (t) 2.23, m; 1.80, m Sb-C1, C3

Sb-3 78.1 (d) 4.06, m Sb-C2, C4, OCH3 Sb-H6

Sb-4 83.1 (d) 3.92, d (9.0) Sc-C1, Sb-C5, C6

Sb-5 69.3 (d) 4.20, m Sb-C1, C6

Sb-6 18.5 (q) 1.59, d (6.0) Sb-C4, C5

Sb-OCH3 58.9 (q) 3.58, s Sb-C3 Sb-H3

allm

Sc-1 104.4 (d) 5.17, d (7.5) Sb-C4, Sc-C2 Sc-H2

Sc-2 75.0 (d) 3.97, m Sc-C1, C3 Sc-H1

Sc-3 85.9 (d) 3.74, t (8.5) Sc-C2, C4, OCH3

Sc-4 83.0 (d) 3.55, d (10.5) Sd-C1, Sc-C5, C6 Sc-H2

Sc-5 72.0 (d) 3.80, m Sc-C1, C6

Sc-6 18.7 (q) 1.77, d (6.0) Sc-C4, C5

Sc-OCH3 60.6 (q) 3.97, s Sc-C3 Sc-H3

glc

Sd-1 106.0 (d) 4.73, d (7.5) Sc-C4, Sd-C5 Sd-H5

Sd-2 75.8 (d) 4.08, m Sd-C1, C3

(continued on next page)
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Table 1 (continued)

Position 13Ca 1Hb HMBC 1H–1H COSY

Sd-3 78.7 (d) 4.26, m Sd-C1, C2, C4

Sd-4 72.0 (d) 4.24, m Sd-C3, C5

Sd-5 78.1 (d) 4.05, m Sd-C4, C6

Sd-6 63.1 (t) 4.56, d (10.5); 4.38, dd (11.0, 5.0) Sd-C4; Sd-C4, C5

a 125 MHz.
b 500 MHz.
c Multiplicities by DEPT experiments in parentheses: s-quaternary, d-CH, t-CH2, and q-CH3 C-atoms.
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Figure 1. The structures of compounds 1–5.
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for absence of the double bond between C-5 and C-6.
The most significant differences in the 13C NMR data
between 5a-H and 5b-H steroid nucleus involve the res-
onance of C-5 and C-19. The chemical shifts of C-5 and
C-19 of 5a-H steroid nucleus are at d �44.9 and 12.3,
respectively, but those of C-5 and C-19 of 5b-H steroid
nucleus appear at d �36.5 and 23.9, respectively.11 The
chemical shifts of C-5 and C-19 in compound 3 appear
at d 46.0 and 13.4, respectively, suggesting the a-config-
uration of hydrogen at C-5. Thus, the stereochemistry of
A/B ring in compound 3 was trans fused. The location of
acetyl and (N-methyl) anthraniloyl substituents was de-
duced by HMBC correlations between d 168.4 [C-700 of
(N-methyl) anthraniloyl group] and d 5.20 (H-20 of ste-
roid nucleus), d 171.5 (C-1 0 of acetyl group) and d 5.10
(H-12 of steroid nucleus), establishing that the (N-meth-
yl) anthraniloyl group was located at C-20 and the ace-
tyl group was located at C-12 in 3. Thus, compound 3
was established as 12-O-acetyl-20-O-(N-methyl) anthra-
niloyl-5,6-dihydrosarcostin.

Compound 1 had a molecular formula C58H91NO23

(1192.5914 [C58H91NO23+Na]+, calcd 1192.5874) on
the basis of the HR-ESI-MS, 13C NMR, DEPT, and
quasimolecular ion peak at m/z 1192.6 [M+Na]+ in the
ESI-MS spectrum. The 13C NMR and DEPT spectrum
of 1 showed 58 carbon signals, which consisted of 11
methyl carbon signals, 11 methylene carbon ones, 27
methine carbon ones, and 9 quaternary carbon ones.
The carbon and proton signals of 1 in the NMR spectra
were assigned by extensive techniques including HMQC,
HMBC, and 1H–1H COSY (Table 1). The 1H and 13C
NMR spectra displayed four anomeric protons at d
5.32 (d, J = 9.0 Hz), 5.14 (d, J = 9.5 Hz), 5.17 (d,
J = 7.5 Hz), and 4.73 (1H, d, J = 7.5 Hz), and corre-
sponding anomeric carbons at d 95.9, 100.4, 104.4,
and 106.0, respectively. The b-linkages of all the sugars
were revealed by the coupling constants of the anomeric
protons (7.5–9.5 Hz). There were three secondary meth-
yl signals at d 1.45 (d, J = 6.0 Hz), 1.59 (d, J = 6.0 Hz),
1.77 (d, J = 6.0 Hz), three methoxyl signals at d 3.58,
3.65, 3.97 (each s) in the 1H NMR spectra, and two
methylene signals at d 37.0 (Sa-C2), 37.3 (Sb-C2) in
13C NMR spectra, suggesting the presence of two 2,6-
dideoxy-3-O-methyl-ribo-hexose units, one 6-deoxy-3-
O-methyl-ribo-hexose unit, and one hexose unit in the
molecule. TLC chromatography of the hydrolyzate8 re-
vealed the existence of three kinds of monosaccharides,
two of which were identified as glucose and cymarose by
comparison with authentic samples. The HMBC and
1H,1H-COSY experiment allowed the sequential assign-
ments of 13C and 1H resonances for the unidentified
sugar as shown in Table 1, starting from the anomeric
proton and carbon signal at d 5.17 (d, J = 7.5 Hz) and
104.4. Those findings suggested that the unidentified su-
gar (detected on TLC) is 6-deoxy-3-O-methyl-b-DD-allose
(abbreviated as allm) on the basis of its 1H NMR data
together with 13C NMR assignments in agreement with
those in other compounds.10 Further, a comparison of
the chemical shifts of the anomeric protons of other
compounds showed the anomeric proton signal of allm
appears at lower field than 5.00 ppm, while that of thv
(b-DD-thevetose) appears at higher field than 5.00 ppm
in pyridine-d5.10,12 This confirmed the assignment of
the anomeric proton at d 5.17 (d, J = 7.5 Hz) to allm.10

Corroborative evidence from HMQC, HMBC, and 1H,
1H-COSY spectra, which led to the full 1H and 13C
assignment of each sugar moiety (Table 1), and TLC
chromatography of the hydrolysate showed that the
four sugars were two b-cymarose, one 6-deoxy-3-O-
methyl-b-allose, and one b-glucose, respectively. In the
HMBC spectra, correlations were observed between
the following protons and carbons: d 5.32 (Sa-H1 of
the b-cymaropyranose) and d 77.6 (C-3 of the aglycone),
d 5.14 (Sb-H1 of the b-cymaropyranose) and d 83.5 (Sa-
C4 of the b-cymaropyranose), d 5.17 (Sc-H1 of the 6-de-
oxy-3-O-methyl-b-allopyranose) and d 83.1 (Sb-C4 of
the b-cymaropyranose), d 4.73 (Sc-H1 of the b-glucopyr-
anose) and d 83.0 (Sc-C4 of the 6-deoxy-3-O-methyl-b-
allopyranose). Compared to those of 3 in13C NMR
spectrum, the glycosylation shifts of the aglycone



Table 2. NMR data of compound 2 (d in parts per million, J in hertz, pyridine-d5)

Position 13Ca 1Hb HMBC 1H–1H COSY

Aglycone moieties

1 39.2 (t)c

2 29.8 (t)

3 77.6 (d) 3.88, m C-2, 5, Sa-C1

4 38.7 (t)

5 139.3 (s)

6 119.3 (d) 5.40, br s C-8, 10

7 34.8 (t)

8 74.3 (s)

9 44.0 (d)

10 37.2 (s)

11 25.7 (t)

12 74.6 (d) 5.36, dd (11.0, 5.0) C-2 0, 18

13 57.1 (s)

14 87.4 (s)

15 33.6 (t)

16 34.0 (t)

17 88.9 (s)

18 11.5 (q) 2.16, s C-12, C-17

19 18.0 (q) 1.32, s C-5, C-9, C-10

20 76.4 (d) 5.34, q (6.0) C-100, 21 H-21

21 15.3 (q) 1.60, d (6.0) C-17, 20 H-20

12-O-Nicotinoyl

20 151.4 (d) 9.57, d (1.5) C-3 0, 4 0,6 0

30 126.9 (s)

40 137.4 (d) 8.35, d (7.5) C-2 0, 6 0, 7 0 H-50

50 123.8 (d) 7.24, dd (8.0, 5.0) C-3 0 H-60

60 153.8 (d) 8.87, dd (5.0, 1.0) C-2 0, 4 0, 5 0 H-40

70 164.7 (s)

20-O-Cinnamoyl

100 166.8 (s)

200 120.2 (d) 6.71, d (13.0) C-100 H-300

300 144.1 (d) 7.88, d (16.0) C-200, 600, 800 H-200

400 134.8 (s)

500, 900 129.3 (d) 7.39, m C-400, 700 H-600, 800

600, 800 128.6 (d) 7.56, m C-300, 700

700 130.6 (d) 7.36, d (3.5) C-500, 900

Sugar moieties

cym

Sa-1 96.3 (d) 5.31, d (10.0) C-3, Sa-C2 Sa-H2

Sa-2 37.1 (t) 2.38, m; 1.77, m Sa-C1, C3

Sa-3 78.0 (d) 4.05, m Sa-C2, C4, OCH3 Sa-H6

Sa-4 82.8 (d) 3.54, d (9.0) Sb-C1, Sa-C5, C6, OCH3

Sa-5 69.0 (d) 4.23, m Sa-C1, C6

Sa-6 18.2 (q) 1.41, d (6.0) Sa-C4, C5

Sa-OCH3 58.8 (q) 3.60, s Sa-C3 Sa-H3

cym

Sb-1 100.4 (d) 5.13, d (8.0) Sa-C4, Sb-C2 Sb-H2

Sb-2 36.9 (t) 2.36, m; 1.83, m Sb-C1, C3

Sb-3 77.9 (d) 4.06, m Sb-C2, C4, OCH3 Sb-H6

Sb-4 83.1 (d) 3.94, d (10.0 ) Sc-C1, Sb-C5, C6

Sb-5 69.3 (d) 4.21, m Sb-C1, C6

Sb-6 18.5 (q) 1.60, d (6.0) Sb-C4, C5

Sb-OCH3 58.9 (q) 3.64, s Sb-C3 Sb-H3

allm

Sc-1 104.7 (d) 5.15, d (7.5) Sb-C4, Sc-C2 Sc-H2

Sc-2 74.7 (d) 3.94, m Sc-C1, C3 Sc-H1

Sc-3 85.9 (d) 3.75, t (8.5) Sc-C2, C4, OCH3

Sc-4 83.3 (d) 3.52, d (10.5) Sd-C1, Sc-C5, C6

Sc-5 71.9 (d) 3.80, m Sc-C1

Sc-6 18.6 (q) 1.76, d (6.0) Sc-C4, C5 Sc-H3

Sc-OCH3 60.7 (q) 3.97, s Sc-C3

(continued on next page)
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Table 2 (continued)

Position 13Ca 1Hb HMBC 1H–1H COSY

glc

Sd-1 105.9 (d) 4.74, d (7.5) Sc-C4, Sd-C5 Sd-H5

Sd-2 75.8 (d) 4.06, m Sd-C1, C3

Sd-3 78.6 (d) 4.29, m Sd-C1, C2, C4

Sd-4 71.9 (d) 4.28, m Sd-C3, C5

Sd-5 78.3 (d) 4.02, m Sd-C4, C6

Sd-6 63.0 (t) 4.58, d (10.0); Sd-C4

4.38, dd (11.5, 5.5) Sd-C4, C5

a 125 MHz.
b 500 MHz.
c Multiplicities by DEPT experiments in parentheses: s-quaternary, d-CH, t-CH2, and q-CH3 C-atoms.
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portion in 1 were observed at C-3 (+5.7 ppm), C-2
(�2.7 ppm), and C-4 (�4.0 ppm), indicating that the oli-
gosaccharide chain was attached to C-3 hydroxyl group
of the aglycone in 1.

Therefore, the structure of 1 can be established as 12-O-
acetyl-20-O-(N-methyl) anthraniloyl-5,6-dihydrosarco-
stin 3-O-b-DD-glucopyranosyl-(1! 4)-6-deoxy-3-O-meth-
yl-b-DD-allopyranosyl-(1! 4)-b-DD-cymaropyranosyl-(1!
4)-b-DD-cymaropyranoside (Fig. 1).

Compound 2, ½a�20

D �23.1 (c 0.1, MeOH), mp 178–
180 �C, was obtained as an amorphous powder, and
showed positive Liebermann–Burchard and Keller–Kili-
ani reactions, indicating the presence of a steroid skele-
ton and 2-deoxy sugar moieties in the molecule. In the
IR spectra of 2, there were absorption bands at 1709
(C@O) and strong absorption bands at 3440 (OH) and
1081 (C–O–C) cm�1. Compound 2 had a molecular for-
mula C63H89NO23 (1250.5670 [C63H89NO23+Na]+, calcd
1250.5718) on the basis of the HR-ESI-MS, 13C NMR,
DEPT, and quasimolecular ion peak at m/z 1250.1
[M+Na]+ in the ESI-MS spectrum. The 13C NMR and
DEPT spectrum of 2 showed 63 carbon signals, which
consisted of 9 methyl carbon signals, 10 methylene car-
bon ones, 33 methine carbon ones, and 11 quaternary
carbon ones. The carbon and proton signals of 2 in
the NMR spectra were assigned by extensive techniques
including HMQC, HMBC, and 1H–1H COSY (Table 2).
The 1H, 13C NMR and MS data revealed 2 had the same
ester substituents as those of gagaminine (4).13 The acyl
substituents in the aglycone of 2 were assigned as a
nicotinoyl group, which is determined from 1H NMR
signals at d 9.57 (d, J = 1.5 Hz, H-2 0), 8.35 (d,
J = 7.5 Hz, H-4 0), 7.24 (dd, J = 8.0, 5.0 Hz, H-5 0), 8.87
(dd, J = 5.0, 1.0 Hz, H-6 0), and 13C NMR signals at d
151.4 (C-2 0), 126.9 (C-3 0), 137.4 (C-4 0), 123.8 (C-5 0),
153.8 (C-6 0), 164.7 (C-7 0), and a cinnamoyl group, which
is characterized by the UV absorption bands at 205.5,
217.5, and 280 nm; the 1H NMR proton signals at d
6.71 (d, J = 13.0 Hz, H-200), 7.88 (d, J = 16.0 Hz, H-300),
7.39 (m, H-500, 900), 7.56 (m, H-600, 800), 7.36 (d,
J = 3.5 Hz, H-700); and the 13C NMR carbon signals at
d 166.8 (C-100), 120.2 (C-200), 144.1 (C-300), 134.8 (C-400),
129.3 (C-500, 900), 128.6 (C-600, 800), 130.6 (C-700). The acyl
groups were further confirmed by the molecular ion
peak at m/z 1250.1 [M+Na]+, and the fragment ion peak
at m/z 1102.1 [M+Na–cinnamic acid]+, 979.2 [M+Na–
cinnamic acid–nicotinic acid]+. The 1H and 13C NMR
showed that the aglycone moiety of 2 was similar to that
of gagaminine (4),13 except for the major difference
being the absence of signals for an OH group at C-3.
In the HMBC spectrum, the carbonyl signal of the cin-
namoyl group at d 166.8 was correlated with the methine
proton (H-20) at d 5.34 (q, J = 6.0 Hz) on an oxygen-
bearing carbon (C-20) at d 76.4, establishing that the
cinnamoyl group is located at C-20 in 2, while the car-
bonyl signal of the nicotinoyl group at d 164.7 was cor-
related with the methine proton (H-12) at d 5.36 (dd,
J = 11.0, 5.0 Hz) on an oxygen-bearing carbon (C-12)
at d 74.6, establishing that the nicotinoyl group is locat-
ed at C-12. Thus, the aglycone of 2 was 12-O-nicotinoyl-
20-O-cinnamoylsarcostin (isogagaminine, 5).

Comparison of the 13C and 1H NMR spectra of 2 with
those of 1 indicated that the sugar moieties were identi-
cal with those of 1. In the HMBC spectra, correlations
were observed between the following protons and car-
bons: d 5.31 (Sa-H1 of the b-cymaropyranose) and d
77.6 (C-3 of the aglycone), d 5.13 (Sb-H1 of the b-
cymaropyranose) and d 82.8 (Sa-C4 of the b-cymaropyr-
anose), d 5.15 (Sc-H1 of the 6-deoxy-3-O-methyl-b-allo-
pyranose) and d 83.1 (Sb-C4 of the b-cymaropyranose),
d 4.74 (Sc-H1 of the b-glucopyranose) and d 83.3 (Sc-C4
of the 6-deoxy-3-O-methyl-b-allopyranose). Thus, Com-
pound 2 had the same sugar moieties and linkages as
those of 1.

Therefore, the structure of 2 can be established as 12-O-
nicotinoyl-20-O-cinnamoyl sarcostin 3-O-b-DD-glucoyr-
anosyl-(1! 4)-6-deoxy-3-O-methyl-b-DD-allopyranosyl-
(1! 4)-b-DD-cymaropyranosyl-(1! 4)-b-DD-cymaropyr-
anoside (Fig. 1).

The effects of 1 and 2 on mitogen-stimulated mice
splenocyte proliferation in vitro are shown in Figures
2 and 3. Compounds 1 and 2 significantly inhibited
the Con A- and LPS-stimulated mice splenocyte pro-
liferations in a concentration-dependent manner.
There were no significant differences in inhibitory ef-
fect on LPS-stimulated splenocyte proliferation be-
tween CsA (Cyclosporin A) and compound 1 at the
concentration of 0.1 and 1 lg/ml, while the inhibitory
effect of compounds 1 and 2 on Con A-stimulated
splenocyte proliferation and compound 2 on LPS-
stimulated splenocyte proliferation was less significant
than that of CsA at the same concentration
(P < 0.05).
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Figure 2. Effect of compounds 1 and 2 on Con A-stimulated

splenocyte proliferation in vitro. Splenocytes were cultured with Con

A (5 lg/mL) and the various concentrations of compounds 1 or 2 in

RPMI 1640 medium for 48 h. Cellular proliferation was measured by

the MTT method as described in the text and shown as a stimulation

index. The values are presented as means ± SD (n = 4). Significant

differences compared to control are designated as *P < 0.05,

**P < 0.01 and ***P < 0.001.
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Figure 3. Effect of compounds 1 and 2 on LPS-stimulated splenocyte

proliferation in vitro. Splenocytes were cultured with LPS (10 lg/mL)

and the various concentrations of compounds 1 or 2 in RPMI 1640

medium for 48 h. Cellular proliferation was measured by the MTT

method as described in the text and shown as a stimulation index. The

values are presented as means ± SD (n = 4). Significant differences

compared to control are designated as *P < 0.05, **P < 0.01, and

***P < 0.001.
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