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Abstract-Ribes nigrum leaves yielded three anti-inflammatory prodelphinidins. These compounds were identified and 
characterized; two known prodelphinidin dimers gallocatechin-(41-8)-epigallocatechin and gallocatechin-(4a-8)- 
gallocatechin found together for the first time and a new prodelphinidin tnmer gallocatechin-(4a-8)-gallocatechin- 
(4u-8)-gallocatechin. 

INTRODUCTION 

An infusion of blackcurrant leaves, Ribes nigrum L. is 
traditionally used in Europe for the treatment of rheu- 
matic disease. Diuretic and antiinflammatory properties 
may lie at the basis of this ethnopharmacological reput- 
ation Cl]. In screening a number of such medicinal plants, 
we have observed that ethanol or aqueous acetone ex- 
tracts of R. nigrum at 50 mg kg-' i.p. significantly inhib- 
ited carrageenan rat-paw oedema (M. Tits, personal 
communication). The activity has since been confirmed in 
another laboratory [2]. We have now shown that the 
flavonoids and phenolic acids previously found in this 

from the analysis of the 'HNMR [8,10,13] and CD 
[IO, 13,141 spectra of their acetates'as also the analysis of 
the 13CNMR [l 11 and IR spectra [15]. Companson of 
the "C NMR spectrum of 4 with those of 3 descnbed by 
Sun [Il] showed principally differences in the C-2 and C- 
3 chemical shifts, indicating that the terminal unit is 2,3 
cis in 4 (6C-2 78.6 and 6C-3 66.4) and 2,3 trans in 3 (6C-2 
83.1 and 6C-3 68.2). 

The M ,  of the third major procyanidin (5) was estab- 
lished from the FAB mass spectrum which gave a molecu- 
lar ion at m/z 914. It is interesting to point out that the 
expected quasi-molecular ion [M + H l +  at m/z 915 

plant [3, 41 arenot responsiblë for this strong activity. 
Instead, the most active fractions contained proantho- 
cyanidins, including polymers known to be present in 
several species of Ribes (R .  grossularia, R.  nigrum, R. 
rubrum and R. sanguineum) [5-71. We report here on the 8 1. 
isolation and characterization of three bioactive mole- 
cules from R. nigrum: two known prodelphinidin dimers 

'5 
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and a new prodelphinidin trimer. 

OH 
RESULTS AND DISCUSSION 

The aqueous soluble fraction obtained by aqueous 1 R ' = H  R 2 = W  

acetone extraction of R. nigrum leaves was fractionated by 2 R I - O H  R2-H 

a combination of medium pressure liquid chromato- 
graphy (MPLC) on RP8 and Sephadex LH20. The initial 
fractions contained monomers, pnncipally gallocatechin 
(l), epigallocatechin (2) and latter fractions eluted pro- 
anthocyanidins with an increasing degree of polymeriz- 
ation. 

According to the FAB mass spectra, the major dimers 
have the same M , .  They were identified as gallocatechin- 
(4a-8)-epigallocatechin (4), isolated for the first time 
from Ribes sanguineum [8] and recently also found in 
Oolong tea [9] and Ostrya virginiana [lO] and its C-3F 
isomer: gallocatechin-(4a-8)-gallocatechin (3) previ- 
ously obtained from Quercus dentata [Il], Mallotus 
japonicus [12], Corylus avellana [IO] and Cistus incanus OH 
[13]. It is the first tirne that these two isomers have been 
found to occur together in the same plant and their 3 R ~ = H  ~ 2 - c t i  

separation was very difficult. Their structure was derived 4 RISOH ~ 2 - H  
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acetoxy functions and the respective aromatic rings of the 
constituent units. 

The structure of the novel trimer is thus gallocatechin- 
(4a-8)gallocatechin-(4a-8)-gallocatechin (5). To  the 
best of our knowledge, it is the first example of a natural 
product possessing three unsubstituted gailocatechin 
units. 

EXPERIMENTAL 

'H and 13CNMR spectra were measured at 400 MHz, in 
CDCI, and Me,CO-d,-H,O (1 : l), respectively; chemical shifts 
are given in 6 (ppm) scale relative to TMS. MS were recorded 
using FAB positive mode system; samples were dissolved in 
giycerol matrix. CD data were obtained in MeOH. TLC was 
performed on silica gel 60 F,,, (Merck) with EtOAc-H,O' 
-HCO,H-HOAc (70:20:3:2) upper phase (solvent system A) 
and spots were visualized by spraying with vanillin-HC1 reagent. 
Prep. TLC plates (0.5 mm) were prepared with sihca gel 60 PF,,, 
Merck and acetates purified with toluene-Me,CO (7: 3) (solvent 
system B). Acetylations were performed in Ac,O-pyridine (1 : 1) 
at ambient temp. 

could not be observed on the spectrum of the trimer 
dissolved in glycerol. It  is, however, known that the 
neutrai sample molecule M can also be desorbed from the 
matrix [18]. 

Examination of the high-field aromatic region of the 
13CNMR spectrum revealed signals at 6 108, identified 
with C-2' and C-6' of three pyrogallol rings (B, E and H)  
and at  6 145-146 corresponding to C-5' and C-3' of the 
same rings. N o  signals were detected at  6143 and 115 
which would correspond to C-5' and C-3' of procyani- 
dins. Therefore, this trimer only contains prodelphinidin 
units. Examination of the 630-90 region which includes 
the shifts of the heterocyclic ring carbons, showed the 
relative downfield position of C-2, between 6 8 1 and 84, 
indicating that the three flavan units possessed the same 
2,3-trans configuration. The absence of a signal about 678 
supports this stereochemistry. 

Analysis of the following coupling constants derived 
from the 'H NMR and 'H COSY spectra of the acetate 
trimer [upper unit (C ring) and middle unit (F  ring) (J,-, 
= 10 Hz and J3-, = 9 Hz)] indicated a 2,3-trans and 3,4- 
trans orientation, respectively, for these rings. The intense 
negative Cotton effect confirmed the 4s-configuration 
where the two rings are linked [14]. The smaller chemical 
shift difference between H-2 and H-3 in the terminal unit 
required a 2,3-trans stereochemistry and was in agree- 
ment with a (4-8) linkage between the middle and the 
lower units [16]. Further corroborative evidence for this 
lower unit was obtained by acid degradation (HCIO.l M) 
which yielded gallocatechin. The above analysis sugges- 
ted a trigallocatechin constitution with the upper ring 
linked to either C-6 or  C-8. 

Analysis of the aromatic region of the 'H  NMR spec- 
trum indicated for the A ring a meta-coupled doublet 
attributable to the H-6 and the H-8 at  66.36 and 6.54 
(J,-, = 2.3 Hz). The chemical shifts for rings B, E and H, 
which are of the pyrogallol type, were at  6 6.65,6.68 and 
6.96. These shifts indicated the mode of linkage in acetate 
prodelphinidins. Indeed, in acetate (4-8) prodelphi- 
nidins, we observed a consistent shielding relative to 
those of acetate (4-6) prodelphinidins, where the shifts of 
H-2' and H-6' are downfield (< 7 ppm). Petereit et al. [13] 
explained this difference by the anisotropy of the 3- 

Conuersion of proanthocyanidins into anthocyanidins. The pro- 
anthocyanidin (ca 1 mg) was refluxed with 5% HC1 in EtOH for 
1 hr. The reaction mixt. was subsequently chromatographed on 
cellulose (cellulose F, 0.1 mm, Merck) in HC0,H-HCI-H,O 
(10: 1 : 3) (solvent system C) with delphinidin and cyanidin as ref. 
substances. 

Identification of lower terminal jlavan-3-01 unit. The pro- 
anthocyanidin (ca 1 mg) was treated with 0.1 M ethanolic HCI 
(2 ml) at 60" for 15 min. The lower terminal flavan-3-01 was 
liberated and detected by TLC on cellulose in H204ioxan 
(10: 1) (solvent system D). 

Plant material. Blackcurrant leaves were purchased from a 
Belgian medicinal plant drug outlet (Denolin, Braine-I'Alleud). 
They were compared to leaves of Ribes nigrum L. collected in the 
garden of one of us, located in Flémalle (Les Awirs). Both 
samples were similar and identified according to the description 
of L. Nihoul 1171. A voucher specimen is deposited in the 
herbarium of the Pharmaceutical Institute, University of Liège. 

Extraction, isolation and ident$cation of compounds. The 
leaves (1 kg) were powdered mechanically and then extracted at 
room temp. with 70% Me,CO aq. The Me2C0 was removed by 
evapn under red. pres. (ca 40"). The resulting aq. soln was freeze- 
dried (240 g). A portion of this material (4.2 g x 4) was then 
fractionated by MPLC on RP8 with H,O-Me,CO (9:l) to 
afford 3 frs: 1 (carbohydrates), II (proanthocyanidins monomers 
and oligomers 4.1 g) and III (a flavonoid giycoside and polymers) 
and then with H,O-Me,CO (1: 1) containing other flavonoid 
giycosides and proanthocyanidin polymers with higher M,. This 
chromatographie procedure was effective for a clean-cut separa- 
tion of proanthocyanidins and other compounds of this plant. 
An EtOH soluble portion of fr. II was then chromatographed on 
Sephadex LH20 in EtOH (3.2 1) as the first solvent and in 
EtOH-MeOH (1 : 1) (2:s 1) as the second. This yielded 10 frs 
(a-JI. 

Monomericjlavan-3-01s. Fr. b (67 mg) contained gallocatechin 
(1) and epigaliocatechin (2). They were identified by TLC on 
siiica gel (system A) and on cellulose (system D) with gallocate- 
chin and epigallocatechin as reference substances. They afforded 
a red colour immediately on spraying with vaniüin-HCI; how- 
ever, after some hours, epigallocatechin became browner and 
gallocatechin changed to violet. 

Dimeric proanthocyanidins. Dimers were present in frs c-e. 
Only the major fr. d (85 mg) has now k e n  studied. We identified 
gallocatechin-(4a-8)-gallocatechin (3) and gallocatechin- 
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(4a+8)-epigallocatechin (4). Their M ,  was established from the 
FAB-MS CM + H l +  at m/z 611. Their separation was very 
difficult and required another chromatography on RP8 using 
H,O-Me,CO (19: 1) to obtain the pure compounds: (4) 30 mg 
and (3) 40 mg. It was noted that the two dimers had the same R, 
(0.46) on TLC (system A) and that they afforded a red colour 
immediately on spraying with vanillin-HC1. However, after 
24 hr 4 became browner and 3 violet in the same way as 
corresponding monomers. 

Gallocatechin-(4u-8)-gallocatechin (3). Conversion into 
anthocyanidins, afforded delphinidin and treatment with 
0.1 M HCI liberated gallocatechin. IR, 13CNMR: see literature 
data [Il]. CD, 'H NMR of the acetate were identical to those 
previously reported [IO, 131. 

Gallocatechin-(4a+Qepigallocatechin (4). Conversion into 
anthocyanidins, afforded delphinidin and treatment with 
0.1 MHCI liberated epigallocatechin. IR: identical to that de- 
scribed in ref. [15]. 13CNMR: 628.9 (C-4F), 37.6(C-4C), 66.5 (C- 
3F), 73.0 (C-3C), 78.7 (C-2F), 83.3 (C-2C), 95.6 (C-8A), 97.2 (C- 
6D), 97.3 (C-6A), 99.1 (CAaD), 101.1 (C-4aA), 107.4 (C-8D), 
other A and D rings carbons (154.2, 154.3 154.6, 155.6, 156.5 
157.6), 106.6 (C-TE, C-6'E), 108.4 (C-TB, C-6'B), 130.9 and 131.7 
(C-l'B, E), 133.5 (CA'B, E), 145.8 (C-3', C-5'B, E). CD, 'H NMR 
of the acetate: see literature data [8, 101. 

Trimeric prodelphinidin: gallocatechin-(4u-r8)-gallocatechin- 
(4--8)-gallocatechin (5). Fr. g (75 mg) afforded the novel trimer 
(5) TLC RJ 0.16 (system A) coloured in red with vanillin-HCI. 
FAB-MS m/z 914. Conversion into anthocyanidins gave delphi- 
nidin and treatment with 0.1 M HCI liberated gallocatechin. 
13CNMR: 637.6 and 37.8 (C-4C, C-4F), 67.9 (C-3I), 72.8 (C-3C, 
C-3F), 81 to 84.5(C-2C, F, 1), 106.1 to 109(C-TB, E, H,C-6'B, E, 
H and C-8D, G), 130.9 and 131.3 (C-l'B, E, H), 133.4 (C-4'B, E, 
H), 145.3 to 145.9 (C-3'B, E, H and C-S'B, E, H), 154.3 to 157.5 
(C-5A, D, G, C-7A, D, G and C-8aA, D, G). IR v,cm-': 
3600-3000, 1615,1540,1515,1450,1345,1205,1145,1070,1030, 
825, 730. Acetylation of a portion (50 mg) of the content of this 
fraction afforded the acetate purified by prep. TLC, RJ 0.18 
(system B), yield: 10 mg. 'H NMR and 'D 'H shift correlation 
spectra (COSY): 6 1.94-2.38 (al1 s aliphatic and phenolic OAc), 
2.11and2.58(2 x H-41),4.20(d.J = 9Hz,H-4C),4.57(d,J = 

9 Hz, H-4F), 4.68 (d, J = 10 HZ, H-ZC), 4.78 (d, J = 10 HZ, H- 
2F), 5.18-5.23 (m, H-31, H-2I), 5.39 (dd, J = 9 and 10 Hz, H-3 F), 
5.57(dd,J = 9and lOHz,H-3C),6.36(d, J = 2.3Hz,H-6A),6.54 
(d, J = 2.3 Hz, H-8 A), 6.58 (s, H-6D, G), 6.65,6.68,6.96 ( 3 ~ ,  6 x 
H, H-2'B, H-TE, H-2'H and H-6'B, H-6'E, H-6'H). CD: A&,,, 
-9.69, A&,,, - 27.39. [a];' - 140" [MeOH-H,O (1: 1); c 0.0031. 

Acknowledgements-We thank Prof. N. G. Bisset (King's College 
London) for the critical reading of the manuscript and Prof. J. 
Damas (University of Liège), for the pharmacological tests. This 
research was supported by the 'Direction Générale des Technol- 
ogies et de la Recherche, Ministère de la Région Wallonne', 
Belgium. The 400 MHzNMR spectrometer used for this 
research is located in the CREMAN (Centre de Résonance 
Magnétique Nucléaire de l'université de Liège). 

REFERENCES 

1. Bezanger-Beauquesne, I., Pinkas, M.. Torck, M. and Trotin, 
F. (1990) Plantes médicinales des régions tempérées, 2nd Edn, 
p. 186. Maloine, Paris. 

2. Declume, C. (1989) J. Ethnopharmncol. 27, 91. 
3. Trajkovski, V. (1974) Swedish J. Agric. Res. 4, 143. 
4. Calamita, O., Malinowski, J. and Strzelecka, H. (1983) Acta 

Polon. Pharm. 40, 383. 
5. Haslam, E. (1989) Plant Polyphenols. Cambridge University 

Press. 
6. Czochanska, Z., Foo, L. Y., Newman, R. H. and Porter, L. J. 

(1980) J. Chem. Soc., Perkin Trans. 1 2278. 
7. Foo, L. Y. and Porter, L. J. (1980) Phytochemistry 19, 1747. 
8. Foo, L. Y. and Porter, L. J. (197%) J. Chern. Soc., Perkin 

Trans. 1 1 186. 
9. Hashimoto, F., Nonaka, G. and Nishioka, 1. (1989) Chem. 

Pham. Bull. 37, 3255. 
10. Engelhardt, A. (1990) Thesis. Fachbereich Phannazie der 

Freien Universitit Berlin, Germany. 
11. Sun, D., Wong, H. and Foo, L. Y. (1987) Phytochemistry 

26, 1825. 
12. Saijo, R., Nonaka, G., Nishioka, 1.. Chen, 1. and Hwang, T. 

(1989) Chern. Pharm. Bull. 37,2940. 
13. Petereit, F., Kolodziej, H. and Nahrstedt, A. (1991) Phyto- 

chemistry 30, 981. 
14. Barrett, M. W., Klyne, W., Scopes, P. M., Fletcher, A. C., 

Porter, L. J. and Haslam, E. (1979) J. Chem. Soc., Perkin 
Trans. 1 2375. 

15. Foo, L. Y. (1981) Phytochemistry U), 1397. 
16. Delcour, J. A., Ferreira, D. and Roux, D. G. (1983) J. Chem. 

Soc., Perkin Trans 1 1711. 
17. Nihoul-Ghenne, L. (1951) J. Pham. Belg. 3, 75. 
18. Williams, D. H. and Fleming, 1. (1989) Spectroscopic Meth- 

ods in Organic Chemistry, 4th Edn, p. 157. McGraw-Hill, 
London. 


