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ABSTRACT.—The ellagitannins 2,3-(5)-hexahydroxydiphenoyl-glucose, pedunculagin,
vescalagin, and castalagin; the flavanoellagitannins acutissimin A, acutissimin B, eugenigrandin
A, guajavin B, and stenophyllanin C; and the procyanidinoellagitannin mongolicanin have been
isolated from the bark of Quercus petraea. The ellagitannin fraction had a weak antisecretory effect.

The bark of Quercus petraea (Matt.) Liebl. (Q. sessiliflora Salisb, Fagaceae.) is official in
both German and Swiss monographs. A decoction of Quercus cortex is used against
unspecific diarrhea, inflammation of the oral, genital, and anal mucosa, and externally
against inflammation of the skin (1). Tannins are regarded as the active compounds, and
oligomeric proanthocyanidins have recently been isolated from the bark of Q. petraes (2).
Castalaginand vescalagin (3)and insoluble ellagitannins (4) have been found in the wood
of Q. petraea, but no information is available on the presence of hydrolyzable tannins in
the bark. In this paper, the isolation and identification of four monomeric ellagitannins
and six complex tannins from the bark of Q. petraea are reported. The antisecretory and
the anthelmintic activity of the ellagitannin fraction as well as the astringency of several
ellagitannins was examined.

RESULTS AND DISCUSSION

Partitioning of the 80% aqueous Me,CO percolate of the freeze-dried bark of Q.
petraea with Me,CO, and fractionation of the aqueous layer by a combination of cc and
droplet counter-current chromatography (dccc) afforded four monomeric ellagitannins,
five flavanoellagitannins,and a procyanidinoellagitannin. 2,3-(S)-Hexahydroxydiphenoyl-
glucose (HHDP-glucose) and pedunculagin were identified by direct comparison of
their fabms and nmr data with authentic samples. Vescalagin and castalagin were
identified by comparison of their fabms and nmr data with published results (5). In
acutissimin A and eugenigrandin A {1}, the ellagitannin moiety of vescalagin is
connected through a C-C bond to (+)-catechin and to (+)-gallocatechin, respectively.
Long-range heteronuclear correlation spectroscopy (HETCOR-LR) and 'H-detected
long-range heteronuclear multiple-bond correlation spectroscopy (HMBC) experiments
with both complex tannins showed cross-peaks between H-2 and C-8a of the flavanol and
between the polyol H-1 and C-7, C-8, and C-8a of the flavanol moiety. Thus, the flavanol
is linked through C-8 to the C-1 of the polyol. HETCOR-LR and HMBC experiments
with the regioisomeric compounds acutissimin B {2} and guajavin B {3}, however, failed
to show a cross-peak between H-2 and C-8a. This might be due to the preferred
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equatorial orientation of the flavanol B-ring (E-conformation) of the compounds 2 and
3. In rotating frame Overhauser enhancement spectroscopy (ROESY) nmr experiments,
the spectrum of compound 3 showed a cross-peak between H-2 and H-4B, which
resulted from the spacial vicinity of both protons in the E-conformers. The predomi-
nance of the E-conformation was corroborated by the J, ; coupling constant of 8.2 Hz,
which suggests the pseudoaxial orientation of H-2 and H-3 (19). The identifications of
acutissimin B {2} and guajavin B {3} were confirmed by comparison of their fabms, 'H-
nmr, and C-nmr dara with published results (7,8). The acutissimins A and B were
previously isolated from the bark of several Quercus species and the bark of Castanea
crenata Sieb. et Zucc. (7), and eugenigrandin A and guajavin B have been found in the
bark of Psidium guajava L. (8). Recently, the stereochemistry of castalagin, vescalagin,
and acutissimins A and B has been revised (9), and this was confirmed by our results from
a ROESY experiment with guajavin B {3]. A distinct cross-peak between H-1 and H-
3 of the polyol moiety resulting from the quasiplanar syn-orientation of both protons
proved the rel-1R configuration. The nmr data of a further compound were indicative
of a complex tannin with casuariin linked to (+)-catechin. All proton signals of both
moieties were resolved in a '"H-nmr spectrum recorded at 120°, and comparison of the
“C-nmr and optical rotation data with published results identified this compound as
stenophyllanin C, previously isolated from the bark of Quercus stenophylla Makino (10).
The nmr spectra of another complex tannin revealed the signals of a vescalagin moiety
and of a procyanidin. By fabms and optical rotation, this compound was identified as
mongolicanin, previously isolated from Quercus mongolica Mizunara (11).

Flavanoellagitannins and procyanidinoellagitannins have been found in several
Asian Quercus species (7, 10—12). This is the first report of complex tannins in a European
Quercus species.

Mucosal application of 11-1100 pg/ml of the ellagitannin fraction showed a
decrease of the prostaglandin E, (PGE,) stimulated Cl™ secretion of 4-10%. This is a
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rather weak effect, which might be due to the poor mucosal absorption of the
ellagitannins, as has been shown for ellagic acid in mice (17) and for oligomeric
proanthocyanidins from Sorghum bicolor (L.) Moench. in chickens (18). The observed
antisecretory effect does not suffice to give a rationale to the use of the crude drug as an
antidiarrheal. If preparations of oak bark are able to reduce diarrhea, other compounds
or other effects must be involved (13).

The results of the determination of the astringency of extracts and of individual
ellagitannins isolated from Q. petraea bark are presented in Table 1. The relative
astringencies of the oak bark ellagitannins are rather low. This may be due to their rigid
and inflexible structures which have been shown to substantially diminish the ability to
complex with proteins (14). Though the ellagitannins represented 77% (by weight) of
the total tannins in Q. petraea bark, they contributed only 45% to the astringency of the
bark. Thus, the astringency of the crude drug is mainly due to its content of oligometic
proanthocyanidins (2).

TABLE 1. Relative Astringency of Extracts and of Ellagitannins from Q. petraea Bark.

Mol wt Relative Astringency®
Crude extract® ... ... ... — 0.40
Ellagitannin fraction .................0iiiiiiin.... — 0.43
Proanthocyanidin fraction ......... ... ... ... ... .. ... — 1.14
Pedunculagin. ...........ooiiiiineiiiiiinnannnn, 784 0.20
Vescalagin .. ..... ... ... . i 934 0.24
StenophyllaninC . ........ ... .. ... . . o i 1056 0.25
Acutissimin A .. ... ... 1206 0.28
Eugenigrandin A{1} .. ... ... .. .. ... ... ... ... 1222 0.46
Guajavin BI3). . ... ... i 1222 0.44

“Relative to tannin (Roth) (1.00).
*Percolate with 80% Me,CO.

In an in vitro anthelmintic assay with twenty medicinal plants used against
gastrointestinal disorders, the aqueous extract of Q. petraea bark showed interesting
activity; thus, we tested the tannin fractions separately. The fraction containing
ellagitannins and complex tannins inhibited the reproduction of the soil nematode
Caenorabditis elegans with an IC,; of 500 ppm. Motility of the nematodes was only
slightly affected. Under the same conditions, the synthetic anthelmintic mebendazole
had an IC,; of 10 ppm. The proanthocyanidins of Q. petraes bark had an IC,; of 125 ppm
in this assay. Although the oak tannins show some nematodicidal activity, this effect is
too weak to support the use of Q. petraes bark as an anthelmintic.

EXPERIMENTAL

GENERAL EXPERIMENTAL PROCEDURES.—Fabms: negative-ion mode, solvent, H,0; matrix, glycerol or
glycerol-thioglycerol; bombardment, Cs, 8 keV or Xe, 7 keV. Nmr, 400 and 600 MHz (‘H), 100 and 150
MHz (’°C); HETCOR experiments, delays adjusted to 0.05 sec (10 Hz) and 0.1 sec (5 Hz) for *J o, and o,
couplings and to 0.0036 sec (150 Hz) for /o, couplings; HMBC experiments, 600/150 MHz, spectra
recorded at 80° and 120°. Sephadex LH-20 (Pharmacia), MCI gel CHP-20P, 37-75 wm (Mitsubishi
Chemical Industries) and Fractogel TSK HW-40(S) (Merck) were used for cc. Dece (275 glass columns,
2.0X400 mm) was carried out with 1-BuOH-1-PrOH-H,0 (2:1:3, ascending mode). Tlc, Si gel 60 F,,
(Merck); EtOAc-HCOOH-H,0 (90:5:5). 2D-tlc, Cellulose F (Merck); HOAc 6% (A), 2-BuOH-HOAc-
H,O (14:1:5) (B), visualization reagent: vanillin-EtOH/H,0 5%-concentrated HC (0.5:75:25).

PLANT MATERIAL.—The bark of the younger branches of an approximately 30-year old Q. petraea tree
was collected near Freiburg/B. at 600 m altitude in April 1989, freeze-dried, and powdered. A voucher
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specimen (No. 2105) was deposited at the herbarium of the Instituc fiir Pharmazeutische Biologie at
Freiburg.

EXTRACTION AND ISOLATION.—The powdered bark of Q. petraes was extracred with Me,CO-H,0(8:2),
the Me,CO removed in vacus, with the aqueous layer washed with petroleum ether, and then extracted with
EtOAc (2). A 280-g aliquor of the lyophilized H,O layer (493 g) was chromatographed on Sephadex LH-
20 (55X 600 mm) with ECOH-H,O (1:1, 34 liters) to give five fractions F1-F5. A part (4 g) of F1 (13.1 g,
6.5—11.2 liters) was further separated on MCI gel (35 X 500 mm) with MeOH-H,0 (25:75) followed by dccc
and by cc over Sephadex LH-20 (20 X400 mm) with EtOH-H,0 (1:1) to give 2,3-(5)-HHDP-glucose (120
mg, 0.24-0.345 liters). F2 (4.1 g, 11.2-15.8 liters) was separated over MCI gel (25 X450 mm) with H,O
(2 liters) followed by MeOH-H,0 (1:9) to give vescalagin (100 mg, 0.24-0.41 liters). F3(18.8 g,15.8-18.3
liters) was chromatographed over MCI gel (45 X600 ml) with H,0 (4 liters) followed by MeOH-H,0 (1:9)
to yield castalagin (1500 mg, 1.0-1.5 liters). F4 (24.3 g, 18.3-31.1 liters) was separated over MCI gel
(45X 600 mm) with H,O (4.5 liters) followed by MeOH-H,0 (15:85, 10 liters) to give fraction 4.1 (4.9 g,
2.6-8.2 liters) and fraction 4.2 (1.9 g, 14-14.5 liters). Fraction 4.1 contained three phenolic compounds
which were separated by cc on MCI gel (25 X450 mm) with MeOH-H,O (15:85) yielding a fraction (1.38—
3.36 liters) which was purified by dccc to give eugenigrandin A {11 (280 mg, 0.1-0.12 liters) and
stenophyllanin C (503 mg, 0.135-0.17 liters), and a further fraction (3.36-4.56 liters) which was purified
by cc on Fractogel TSK (19X450 mm) with EtOH-H,0-Me,CO (6:3:1) to yield acutissimin A (1400 mg,
0.65-0.75 liters). Fraction 4.2 was chromatographed over MCI gel with H,O (1.0 liters) and MeOH-H,O
(5:95~25:75) insteps of 5% (1.5 liters each). The 25% MeOH eluate was finally purified by decc (descending
mode) to give acutissimin B {2} (150 mg, 0.036-0.072 liters). Ascending dccc of the MeOH-H,0 10%
eluate yielded mongolicanin (70 mg, 0.09-0.12 liters). Fraction 5 (23.8 g, 31.1-34.0 liters) was
rechromatographed over MCI gel (45 X 600 mm) with MeOH-H,0(15:85,0.3 liters) followed by ascending
dccc to give pedunculagin (273 mg). The stationary dece phase was purified on Fractogel as described above
to give guajavin B {3} (50 mg, 0.2-0.3 liters).

Acutissimin A—White amorphous residue: fabms, 'H-nmr, and PC-nmr data in agreement with
literature values (7).

Eugenigrandin A 111.—White amorphous residue: [af'D —15.5° (¢=0.8, Me,CO); fabms m/z
[M—H} 1221.4. 'H nmr (600 MHz, Me,CO-4,, standard, Me,CO-4; 2.0566), 8 flavanol: 2.42 (1H, d,
J=15 Hz, H4), 2.86 (1H, d, /=15 Hz, H-4), 4.48 (1H, br s, H-3), 5.42 (1H, 5, H-2), 6.13 (1H, 5, H-6),
6.51 (2H, s, H-2', H-6"); polyol: 4.10 (1H, d, =12 Hz, H-6), 4.63 (1H, d, J=12 Hz, H-6),4.73 (1H,d,
J=7.5 Hz, H-3), 4.80 (1H, 5, H-1), 5.15 (1H, 5, H-2), 5.25 (1H, t,J=7.5 Hz, H-4),5.60 (1H, d, J=7.5
Hz, H-5); nonahydroxytriphenoyl: 6.75 (1H, s, H-3, ring V); hexahydroxydiphenoyl: 7.04 (1H, s, H-3, ring
V), 6.59 (1H, s, H-3, ring VI). °C nmr (150 MHz, Me,CO-4;, standard, Me,CO-4; 28.6340), 8 flavanol:
23.43 (C-4), 67.70 (C-3), 80.09 (C-2), 96.88 (C-6), 97.73 (C-4a), 105.04 (C-8), 105.32 (2C, C-2’, C-6"),
131.22(C-1"), 132.95 (C-4"), 146.21 (2C, C-3’,C-5"), 152.83 (C-8a), 155.82 (C-5), 157.29 (C-7); polyol:
37.55(C-1), 65.45 (C-6), 71.00 (C-4), 71.27 (C-5), 72.25 (C-3), 77.40 (C-2); nonahydroxytriphenoyl, ring
II: 116.63*(C-1),120.25(C-3),127.58(C-2), 135.17°(C-5), 143.19(C4), 143.54°(C-6), 167.53 (cacbonyl
©); ring I1I: 113.18"(C-1), 113.44(C-3), 124.91*(C-2),136.50" (C-5), 144.14 (C-4), 144.59°(C-6), 165.61
(carbony! C); ring V: 108.93 (C-3), 114.23 (C-1), 125.54 (C-2), 136.37 (C-3), 144.69° (C-6), 145.50 (C-
4), 167.40 (carbonyl C); hexahydroxydiphenoyl, ring IV: 107.11(C-3),115.87(C-1), 126.924(C-2),136.69
(C-5), 144.83° (C-6), 145.07 (C-4), 167.17 (carbonyl C); ring VI: 106.90 (C-3),115.02(C-1), 128.10°(C-
2), 135.61 (C-5), 145.33° (2C, C-4, C-6), 169.09 (carbonyl C). Chemical shifts with the same superscript
are interchangeable.

Acutissimin B [2].—Off-white amorphous residue: fabms, 'H-nmr, and C-nmr data in agreement
with literature data (7).

Guafavin B [3}.—White amorphous residue: [aF'D —67.9° (¢=0.8, MeOH); the optical rotation
differed significantly from the published value [a¥'D +27.5° (c=1.1, MeOH)(8), but fabms, 'H-nmr, and
C-nmr data were in agreement with literature data (8).

Stenophyllanin C.—White amorphous residue: fabms m/z M+Nal" 1079.4, m/z [IM+K]" 1095.3.
Optical rotation, fabms, 'H-nmr, and PC-nmr data in agreement with literarure data (10).

Mongolicanin—White amorphous residue: optical rotation, fabms, 'H-nmr, and ’C-nmr data in
agreement with literature data (11).

Castalagin.—Colotless rhomboid crystals; mp 220° (dec). Optical rotation, fabms, 'H-nmr, and ’C-
nmr data in agreement with published results (5).

Vescalagin—White amorphous residue: optical rotation, fabms, 'H-nmr, and “C-nmr dara in
agreement with published resules (5).



October 1994} Konig et @/.:  Tannins from Quercus 1415

B1oassays.—The relative astringencies were determined by hemanalysis with fresh human blood (15).
The anthelmintic activity was tested with the soil nematode Caenorbabditis elegans as previously described
(2). The antisecretory activity was determined using the isolated rabbit colon mounted in an Ussing chamber
asamodel (16). Cl™ secretion was induced with 1 pmol/l prostaglandin E, (serosal) after mucosal application
of 0.1 mmoV/liter amiloride. The ellagitannin fraction was tested in concentrations of 11 mg/liter, 110 mg/
liter, and 1100 mg/liter.
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