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Chymotrypsin Inhibitory Triterpenoids from Silybum marianum
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Marianine, the new lanostane triterpene (1) and marianosides A (2) and B (3) have been isolated from the
whole plant of Silybum marianum. Their structures were elucidated on the basis of extensive analysis of their one
dimensional and two dimensional nuclear magnetic resonance (1D, 2D-NMR) spectral data. All inhibited chy-

motrypsin in a concentration-dependent manner.
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Silybum marianum GAERTH is an erect stout biennial, herb
belonging to the family Compositae which comprises about
1000 genera and 20000 species. S. marianum is common in
Kashmir at an altitude of 1800—4000 m and is cultivated for
ornaments in gardens. The plant is used in the treatment of
hepatitis, cirrhosis, regeneration from liver diseases, and liver
poisoning.” A decoction of this plant is also used by the
local physicians for the treatment of a variety of viral dis-
eases.”) A literature survey revealed that twenty compounds
have so far been reported from S. marianum. The major con-
stituents are, however, flavonoids, flavanolignans, diterpenes
and flavanoglycosides.>” The ethnopharmacological and
chemotaxonomic importance of the genus Silybum prompted
us to investigate the chemical constituents of S. marianum. A
methanolic extract of this plant showed strong toxicity in the
brine shrimp lethality test, revealing the possible presence of
bioactive compounds. Further pharmacological screening re-
vealed significant inhibitory activity against the enzyme chy-
motrypsin. The inhibitory activity was most pronounced in
the chloroform-soluble fraction. This prompted us to carry
out bioassay-guided isolation of bioactive compounds from
this fraction. As a result of these studies we have isolated
marianine, a new lanostane-type triterpene (1) and mariano-
sides A (2) and B (3), two new triterpenoidal glucosides, re-
spectively. All three showed significant chymotrypsin inhibit-
ing activity. This is the first report of the natural occurrence
of lanostane-type triterpenes in the genus Silybum.

Results and Discussion

Marianine (1) was isolated from the chloroform fraction of
S. marianum as colorless crystals. It gave color reactions of
triterpene and the molecular formula was determined to be
C;Hs,0; by [M]" peak in high-resolution (HR) EI-MS at
m/z 470.3735 (Calcd 470.3759), indicating seven degrees of
unsaturation. The strong IR absorptions at 3415, 1635 and
1670 indicated the presence of hydroxyl, olefinic, and car-
bonyl functionalities. Absorption at 249 nm in the UV spec-
trum suggested the presence of a conjugated carbonyl system
in (1). The mass spectrum gave fragment ions ‘a’ at m/z 206
and ‘b’ at m/z 261, which are characteristic of lanostane
triterpenes carrying A¥®-7- one moiety.*® Further peaks at
m/z 188 and 243 resulted from the loss of a water molecule
from both these fragments. It also indicated the presence of
one hydroxyl group in ring A or B. The carbinylic proton at §
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3.32 showed '"H-'H correlation spectroscopy (COSY) with
two other protons limiting its location to either C-1 or C-3.
However, it could be assigned to the usual C-3 position
on the basis of heteronuclear multiple-bond connectivity
(HMBC) as illustrated in Fig. 2. The larger coupling constant
of this proton allowed us to assign 8 and equatorial configu-
rations to the hydroxyl group which was substantiated by nu-
clear overhaueser effect (NOE) between H-3 and H-28. The
loss of the side chain resulted in a fragment ion at m/z 329,
showing the presence of one hydroxyl and an olefinic moiety
in the side chain. Since both methyl groups at C-25 were ob-
served downfield as singlets, the hydroxyl group could be re-
ferred to C-25 and confirmed by the HMBC correlations
(Fig. 2). The methylene group could be assigned to C-24

2 R = D- glucosyl
2a R=H

%,

3 R = #D- glucosyl
3a R=H

Fig. 1. Structures of Compounds 1—3
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Fig. 2.
A(2)

Important HMBC Correlations in Marianine (1) and Marianoside

with the help of HMBC correlations and further confirmed
by a comparison of proton chemical shifts with those of re-
lated compounds reported in the literature.>” The *C-NMR
spectrum [broad band (B.B) & distortionless enhancement by
polarization transfer (DEPT)] showed the presence of 31-car-
bon signals including methyls, methylene, methane and qua-
ternary carbons which could be assigned on the basis of het-
eronuclear multiple-quantum coherence (HMQC) (Table 1).
Thus, marianine (1) could be assigned as 24-methylene-7-
oxo-lanosta-8-(9)-ene-33,25-diol.

Marianoside (2) was obtained as a white amorphous pow-
der and was positive in the Lieberman Burchard test for a
triterpene. The positive mode HR-FAB-MS showed [M+H]*
ion at m/z 619.4545 (Caled 619.4573) corresponding to the
molecular formula C;,H,,0, with seven degrees of unsatura-
tion. Strong IR bands were observed at v, 3445—3420
(OH group), 3030, 1640 (C=C), and 1420cm™' (gem-di-
methyl). The "H-NMR spectrum of 2 showed the characteris-
tic signal for an anomeric proton as a doublet at & 4.21
(J=7.7Hz). The larger coupling constant inferred the S-con-
figuration of the anomeric position. The '"H-NMR spectrum
further showed the signal of six tertiary methyl groups at &
0.72,0.97, 1.10, 1.05, 1.30, and 1.32 and a secondary methyl
at 0.88 (3H, d, /=7.5Hz). The oxymethine protons of the
sugar moiety were observed from & 3.40 to 3.05 and the
oxymethylene protons showed signals at 6 3.61 (1H, dd,
J=11.1, 4.8Hz) and 3.58 (1H, dd, J=11.1, 5.8 Hz). The
presence of an additional hydroxymethyl was evident by
downfield signals at § 4.20 (1H, d, J=11.2 Hz) and 3.66 (1H,
d, J=11.2Hz). The attachment of the sugar moiety shifted
the carbinylic proton resonance to & 3.99.

Acid hydrolysis provided the sugar and the aglycon, re-
spectively. The former could be identified as Dp-glucose
through comparative thin layer chromatography (co-TLC)
with an authentic sample of p-glucose, and sign of its optical
rotation ([¢], +52.6°). The aglycon was obtained as color-
less crystals from methanol and showed the molecular ion in
HR-EI-MS at m/z 472.3950 corresponding to the molecular
formula C;;H;,05. The loss of C;H,,O (side-chain) gave a
peak at m/z 331, revealing that the side-chain is similar to 1.
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Table 1. 'H-NMR Data for Compounds 1—3
Position 1 2 3
la 1.86 dt 1.88 m 1.75dd
(13.1,3.3) (11.5,6.5)
1B 2.06 m 1.95 m 1.23 m
2 1.75 m 1.80 m 1.84 m
3a 3.29dd 3.99 dd 3.82dd
(4.6, 11.6) (10.5,5.1) (1.1, 4.9)
S5a 1.67m 1.38 m 1.37m
6a 2.49 dd 2.10m 2.10 m
(3.9,15.8)
6p 2.38 dd 1.63 m 1.63 m
(12.4,15.8)
7 — 2.20 2.03m
(dd, 11.5,8.1)
2.10 m
1la 2.37m 2.11m 2.06 m
118 2.24 ddd
(42,42,2.0)
12 1.80 m 143 m 1.19 m
150 1.56 m 1.52m 1.95m
158 2.13m 1.88 m 2.10 m
16 1.33m 143 m 1.72m
168 1.93 m 1.56 m 1.95m
17 1.43 m 1.12m 1.68 m
18 0.72 s 0.68 s 0.66 s
19 1.05s 1.33s 1.35s
20 1.43m 1.44 m 1.32m
21 0.88 d (6.0) 0.85d (6.2) 0.86 d (6.5)
22 1.11m 1.14 m .11 m
23 1.85m 1.88 m 1.85m
2.10 m 2.06 m 2.10 m
25 — — 2.22m
26 1.00's 1.00's 0.99 d (6.9)
27 0.99 s 0.99 s 1.01d (6.9)
28 0.97 s 3.61d(11.2) 0.97 s
4.20d(11.2)
29 0.85s 1.03 s 095s
30 0.95s 0.94 s 0.84 s
31 4.62s 4.64brs 4.64 s
I 421d(9.69) 430d(7.8)
2' 3.05m 3.06 m
3’ 340 m 340 m
4’ 3.11m 3.14m
5’ 3.07m 3.06 m
6' 3.58dd 3.88dd
(11.1,4.8) (11.5,4.5)
3.61dd 3.80dd
(11.1,5.8) (11.5,5.0)

The coupling constants are given in parentheses in Hz.

This was further substantiated by proton chemical shifts of
the side chain which showed complete agreement to those of
1. The fragmentation pattern was similar by comparing the
data with the compounds reported in the literature,'® > with
ions ‘a’ and ‘b’ appearing at m/z 184 and 264, respectively.
This indicated that both the OH groups were present in rings
A or B. The downfield oxymethine proton at é 3.99 showed
'H-'H COSY correlations with two other protons limiting its
presence to C-1 or C-3 or C-7. It could be assigned to C-3 on
biogenetic grounds and further confirmed by the HMBC cor-
relations. The large coupling constant for H-3 allowed us to
assign B and equatorial orientation to the hydroxyl group.
Since the signals of C-10 methyl showed the same chemical
shift as that in 1, the hydroxymethyl group could be assigned
to C-4 and subsequently confirmed by the HMBC correla-
tions. In the *C-NMR spectra (BB and DEPT) 37 signals
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were observed including seven methyl, thirteen methylene,
nine methine, and eight quaternary carbons. The chemical
shifts of H,-28 [ 3.61 (d, J=11.2Hz), § 4.20 (d, J=11.2
Hz)] and H;-29 (6 1.03) suggested an equatorial orientation
of the hydroxymethyl group. It has been noted previously
that, in triterpenoids with C-4 attached hydroxymethyl
groups, the 4 methyl group resonates about to 10 ppm fur-
ther upfield than the corresponding 4f-oriented methyl
group.'*~' Thus, the aglycon 2a could be assigned 24-
methylene-lanoesta-8(9)-ene-25,28-diol. The *C-NMR spec-
trum, '"H-'"H COSY correlations and HMQC were in com-
plete agreement to the assigned structure. The structure of
the corresponding glucoside 2 could thus be elucidated as the
3-O-f-p-glucoside of 2a.

Marianoside B (3) was isolated as an amorphous solid.
The molecular formula was determined by positive mode
HR-FAB-MS showing [M+H]" ion at m/z 603.4652 corre-
sponding to the molecular formula C;,Hg;O4. The IR spec-
trum showed absorption bands for hydroxyl groups at
3421—3380cm ™!, for a C=C group at 1634cm™ "', and for
terminal methylenes at 1650 and 887 cm™'. Acid hydrolysis
provided the sugar moiety which could be identified as p-glu-
cose through Co-TLC with an authentic sample and sign of
its optical rotation ([¢f], +52.9°). The larger coupling con-
stant for the anomeric proton in the '"H-NMR spectrum at &
4.30 (J=9.4Hz) allowed us to assign the 8 configuration to
the anomeric position. The aglycon (3a) crystallized from
methanol, melted at 159—161 °C and showed [«]3 +63.0°.
The physical and spectral data were in complete agreement
with those reported in the literature for eburicol (3a).>” Thus,
marianoside B (3) could be assigned as 24-methylene-
lanosta-8(9)-ene 3-O-B-p-glucopyranoside.

Serine protease inhibitors have been proposed to be part of
the plant’s natural defense system against insect predation,
and function by inhibiting insect proteinases.”’ > Hence,
these inhibitors have gained attention as possible sources of
engineered resistance against pests and pathogens for trans-
genic plants expressing heterologous inhibitors.>> Chronic
infection by hepatitis C virus can lead to progressive liver in-
jury, cirrhosis, and liver cancer. A chymotrypsin like serine
protease known as NS3 protease thought to be essential for
viral replication has become a target for anti-HCV drugs.?**”
The search for new and effective inhibitors of serine pro-
teases is an urgent need in drug development, and new chy-
motrypsin inhibitors appears to be a promising approach.
Compounds 1—3 showed significant inhibition against chy-
motrypsin.

Experimental

General Experimental Procedure UV and IR spectra were recorded
on Hitachi-UV-3200 and Jasco-320-A spectrometers, respectively. 'H- and
BC.NMR spectra were recorded on a Bruker AM-400 spectrometer with
tetramethylsilane (TMS) as an external standard. The 2D-NMR spectra were
recorded on a Bruker AMX 500 NMR spectrometer. Optical rotations were
measured on a Jasco DIP-360 digital polarimeter using a 10 cm cell tube.
Mass spectra (EI and HR-EI-MS) were measured in an electron impact
mode on Finnigan MAT 12 or MAT 312 spectrometers and ions are given in
m/z (%). TLC was performed with precoated silica gel G-25-UV,;, plates
and detection was done at 254 nm, and by spraying with ceric sulphate in
10% H,SO,. Silica gel (E. Merck, 230—400 mesh) was used for column
chromatography. Melting points were determined on a Gallenkemp appara-
tus and are uncorrected. For enzyme inhibition assay, all chemicals and chy-
motrypsin were purchased from Sigma Chemical Company (St. Louis, MO,
US.A).
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Plant Material The whole plant of Silybum marianum GAgrTH was col-
lected from Margalla Hills near Islamabad, in March 2004 and identified by
Dr. Rubina Ashraf, a plant taxonomist at the National Agriculture and Re-
search Center Islamabad (NARC), Pakistan, where a voucher specimen has
been deposited.

Extraction and Purification The air dried whole plant (25 kg) was ex-
haustively extracted with methanol (501X3) at room temperature. The ex-
tract was evaporated to yield a residue (750 g), which was partitioned be-
tween n-hexane (150 gm), chloroform (80 g), ethyl acetate (55 g), n-butanol
(68 g) and water (38g). The chloroform-soluble fraction was subjected to
column chromatography over silica gel with n-hexane-CHCl;, CHCl,,
CHCL;-MeOH, in increasing order of polarity. The fractions obtained from
n-hexane : chloroform (1.5:8.5) were combined and rechromatographed
over silica gel with n-hexane-CHCI; (1.2: 8.8) to afford marianine 1 (19
mg). The fractions obtained from CHCI;:MeOH in (8.0:2.0) were com-
bined and rechromatographed over silica gel with CHCl, : MeOH in increas-
ing order of polarity. The fractions obtained from CHCl,: MeOH (8.5:1.5)
were subjected to preparative TLC (CHCl;: MeOH, 7.8:2.2) to afford the
pure marianoside A 2 (22 mg) and marianoside B 3 (28 mg).

Marianine (1): Colorless crystals; mp 160—161°C. 'H- and *C-NMR
(CDCls, 500 MHz and 125 MHz, respectively) see Tables 1 and 2. IR (KBr)
Vo €M 3410, 3300, 1655, 1670, 1450, 1375, 1034, 870, 725. UV 4_,,
(CHCL,) nm (log €): 249 (3.75), 202 (3.58). EI-MS m/z (rel. int.) 470 (20),
452 (28), 455 (100), 437 (28), 380 (40), 365 (36), 329 (75) 288 (60), 261
(70), 243 (74), 221 (55), 239 (42), 206 (62), 188 (66), 178 (48), 160 (25), 99
(29), 85 (18). HR-EI-MS m/z 470.3735 (Caled for C,,Hs,0;, 470.3760).
[0 +73° (¢=1.0, CHCL,).

Marianoside A (2): Amorphous solid; mp 271—273°C. 'H- and "*C-
NMR (C;D;sN, 500 MHz and 125 MHz, respectively) see Tables 1 and 2. IR

Table 2. '*C-NMR Spectral Data of the Compound 1 (8 ppm, in CDCL,),
and 2, 3 (8 ppm, in C;D;N)

Position 1 2 3
1 35.8 30.7 30.9
2 27.8 23.5 23.8
3 78.9 78.1 79.9
4 38.7 36.8 38.8
5 49.1 44 .4 49.5
6 37.9 37.3 37.0
7 202.7 26.2 25.9
8 152.0 134.1 134.3
9 149.8 134.9 135.0

10 39.7 37.7 37.9
11 21.1 21.0 21.1
12 30.7 30.9 30.2
13 443 44.7 44.2
14 50.0 50.1 50.0
15 31.4 31.1 31.3
16 28.5 28.4 28.6
17 50.5 50.9 50.7
18 16.0 15.7 16.1
19 20.8 20.9 20.8
20 36.0 36.3 36.1
21 18.5 18.5 18.5
22 333 34.8 33.0
23 31.3 31.3 38.0
24 157.8 156.8 156.9
25 72.6 72.8 33.8
26 30.0 30.3 21.9
27 30.0 30.01 22.0
28 28.0 65.3 28.2
29 16.0 13.2 14.5
30 17.2 18.1 17.1
31 106.2 106.1 106.1

1’ 100.7 101.0

2' 70.0 70.0

3’ 76.7 76.3

4’ 73.4 73.0

5 76.6 76.0

6’ 61.0 61.3
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Table 3. In Vitro Quantitative Inhibition of Chymotrypsin
Compound IC5,+=S.E.M.9 (um)
1 9.4+0.02
2 22.6%0.1
3 28.2+0.8
Chymostatin” 7.01%0.1

a) Standard mean error (S.E.M.) of three experimental determinations.
control used in assays.

b) Positive

(KBr) v,,, cm™": 3445, 3420, 3380, 1640, 1430, 1210, 1040, 810, 708. EI-
MS m/z (rel. int.) 472 [M]* (33), 454 (25), 457 (100), 436 (31), 421 (40),
387 (55), 331 (28), 288 (66), 264 (88), 208 (62), 184 (44), 182 (60), 141
(44), 85 (18). HR-FAB-MS m/z 619.4555 (Calcd for C;,H;0, [M+H]",
619.4573). [a]3’ —28° (c=1.0, MeOH).

Marianoside B (3): Amorphous solid; mp 240—242°C. 'H- and “C-
NMR (C;D;N, 500 MHz and 125 MHz, respectively) see Tables 1 and 2. IR
(KBr) V,,, cm™": 3421, 3380, 1634, 1650, 1445, 1425, 1360, 1240, 1005,
930, 887. HR-FAB-MS m/z 603. 4655 (Caled for C;;Hg0, [M+H]",
603.4624). [a]3’ —45.5° (¢c=0.1, MeOH).

Chymotrypsin Inhibition Assay Chymotrypsin inhibitory activity of
compounds 1—3 was assayed (Table 3) by the method of Cannell ef al.?®
Chymotrypsin (9 units/ml in 50 um Tris—HCI buffer pH 7.6, Sigma Chemi-
cal Co., U.S.A.) was preincubated with compounds 1—3 for 20 min at
25°C. 100 ul of substrate solution (N-succinyl-phenylalanine-p-nitroanilide,
1 mg/ml of 50 mm Tris—HCI buffer, pH 7.6) was added to start the enzyme
reaction. The absorbance of released p-nitroaniline was continuously moni-
tored at 410nm until a significant color change was achieved. The final
DMSO concentration in the reaction mixture was 7%.

Estimation of IC;, Values The concentrations of test compounds 1—3
that inhibited the hydrolysis of substrates (chymotrypsin) by 50% (ICs)
were determined by monitoring the effect of increasing concentrations of
these compounds in the assays on the inhibition values. The ICj, values were
then calculated using with the EZ-Fit Enzyme Kinetics program (Perrella
Scientific Inc., Amherst, U.S.A.).

Acid Hydrolysis of Compounds 2 and 3 A solution of 2 or 3 (§ mg) in
methanol (4ml) and 1M HCI (4 ml) was refluxed for 4h. The solution was
concentrated under reduced pressure and diluted with H,O (4.5 ml). It was
extracted with ethyl acetate and the sugar in the aqueous phase was identi-
fied as p-glucose by the sign of its optical rotation ([¢f], +52.6 from 2 and
+52.9 from 3) and co-TLC with an authentic sample of p-glucose using a
solvent system consisting of #-BuOH-EtOAc-HOAc-H,0 (12:2:2:2).
TLC was run three times in the same direction and spots were visualized
with aniline phthalate reagent.

In the case of 3, the known aglycon, eburicol 3a, was obtained which was
crystallized from MeOH, mp 159 °C. The melting point and spectral data
were in complete agreement with those reported in the literature.”
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