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ABSTRACT The sweetness lnhibltlng substance (xlxlphln) containing in leaves of the 

plant Zltlphua juluba (Rhamnaceae) was Isolated In pure state. The cheaical structure 

was established aa 3-O-(A-O-o-L-rhamnopyranoayl~-L-arablnopyranosy1)-2O-O-(2,3- 

dl&cetyl)-a-Grhamnopyranosyljujubogsnin 1. on the basis of spectral and chemical 

evidence. 

Sweet taste sensation is Induced by adsorptlan of awaet substances on the receptor protein 

in taste receptor membranes. In spite of extensive studies by various lnvcstlgators, many 

questions on the receptor mechanism of sweet substances at111 remain unanswered. In order to 

explore the receptor mechanism. a speclflc inhibitor for the sweet taste receptor caa be used 

as a useful tool. It has been known that leaves of Gyaaema aylrestre aupprcaa swat sanaatloa 

In human. The active principle named gymnemlc acid was determlned to be a glucurnnide of 

trlterpenel). The suppressive effect of gymnemlc acid 1s not completely selective for sweet 

stimuli but It has,some suppressive effect on tastea besides sveetnesa. Thus more specific 

Inhibitor on the sveet receptor is desired for elucidation of the sweet receptor mechanism. 

It hea been knovn that leaves of the plant Ziziphus juuuba* also contain a sveet 

inhibiting substance 2). The action of active component, vhich vas named zixlphin, appears to 

be aelective for sveet atimuli3). Attempts to purify it have been made but the pure component 

has not been yet obtalne&). In the present study, ve have succeeded in lrolatlag highly pure 

xlxlphln and have determined its structure. 

Purlflcatlon of zislphln 

The dried leaves of the pIant Zlzlph~julubs verc extracted with sthsnol-vetcr mixture _. 
and the residue obtained after conceatratlon of the axtract vas re-extracted with chloroform- 

ethanol. Audition of ether to the extract gave precipitatea (Z-l) vbich exhibited antiaveet 

activity. Z-l vas subjected to silica gal chroatg@y md subsequently reverse p&we 

chromat6grmphy (RP-2) and finally Eel filtratti (I&20). The active fraction thus obtained 

vas named Z-Z. The Z-2 frsctlon vas almost pure as shown In Fig. 1A. For the measuremeats of 

spectroscopic sad other physical data, the nln pak fraction of Z-2 in HPlX vas collected (Z- 

3). Fig. 1B showa the chromatogram of Z-3, Indicating that It is highly pure. In the above 

l Nomenclature of Zizyphus Juiuba is also used. 
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chromatography and gel filtration, any other fraction having antisweet activity except for Z-2 

or 2-3 was not found, SuBBestIng that the substance obtained is only a sweet inhibiting 

substance containing in the leaves, 

Fi9. 1A HPK: l htiOn PattOrn of xi=i@,i,, (t-2) Fi9. 1.9 HPLC l lution pattern of ririphin (Z-3) 

Column; Merck LiChrosorb RP-18 (250 mm x 7.6 mm, 5,Um) 
Eluent; iieOH/2-PrOH/H20/AcOH (60.0/6.0/33.9/0.1) 
Plow rate; 1.5 ml/min: Detection; RI: Temperature; 25’C 

Chemical structure.Of tiziphin 

Zlziphin (Z-3) 1, a.p. 213-215°C. [a@ -39.6’(c-1.01, MeOH), the molecular weight 980 

(FAB-MS spectrum), gave compound 2 as a secondary aglycone and L-arabinose and L-rhamnose as 

sugar moieties in the molar ratio of 1:2 by the acid hydrolysis. Those sugars were identified 

by gas chromatography of alditol acetates derived from respective sugars. The compound 2 was 

identified as ebelin lactone by comparing ‘H NMR, 13C NHR and UV spectra and Rf value in thin 

layer chromatography with those of an authentic sample obtained from rizyphus saponin5) which 

was isolated from Zizyphf fructus. 

It was already reported that the aglycone of zizyphus saponln is jujubogenin 6. which is 

almost quantitatively converted into ebelin lactone on treatment with sulfuric acid6). Hence 

it was concluded that ebelln lactone must be an artifact produced by acid treatment and the 

real aglycone of xiaiphin is jujubogenin. This was also supported by comparison of 13C NHR 

spectrum of zizlphin with those of jujubogenin and hovenosides 7),8) whose aglycone was 

jujubogenin (Table 1). All assignment of proton (see data in EXPBRIMENTALS) and carbon 

signals were determined by ‘H- and CH-CQSY. 

In order to determine the linkage between sugars, methyl aldltol acetates of sugars were 

obtained from tiriphin. In the mass spectra, these derivatives Rave fragment ion peaks which 

corresponded to those of 1,5-di-O-acetyl-6-deoxy-2,3,4-tri-O-methyl hexitol and 1,4,5-tri4- 

acetyl-2,3-di-O-methylpentitol, respectively. These results SUBBeSted that both rhamnose 

moieties were present as terminal residues and one rhamnose moiety was linked at C-4 of L- 

arablnose. 

The C-H coupling constants of the C-l signals in 13NflR spectra of L-arabinose 

(Jcn - 161.9 Hz) and both L-rhamnoses (Jcn - 173.2, 167.2 Hz) indicated that these sugars were 

a-pyranosides. The presence of two acetyl groups in zieiphln was suggested from the IR 

absorption bands st 1725 and 1235 cm -l, ‘H NMR at 6 1.97 (3H, S), 2.06 (38, S) and 13C NHR 

signals at 6 20.8. 20.9 and 170.5. The position of the acetyl groups were determined by 

comparing 6-values of the H-2 and H-3 of rhamnose moiety in zixiphin, which uere assigned by 

‘H-COSY, with those of unsubstituted L-rhamnose. The signals of H-2 and H-3 at 6 5.63 and 

5.83 were placed at lover field than those of L-rhamnose at 6 4.71 and 4.58, while other ‘H- 
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Table 1. 13C NHR data 

Zlzlphln 

1. 

c- 1 38.9 
2 26.7 
3 86.8 
4 39.7 

2 
56.3 
18.4 

i 35.9 
37.1+ 

9 53.2 
10 37.6* 
11 21.8 
12 28.5 
13 37.3 
14 54.0 
15 37.6 
16 109.9 
17 54.7 
18 18.8 
19 16.6 
20 77.1 
21 24.5 
22 40.3 
23 68.4 
24 126.6 
25 135.6 
26 25.7 
27 19.4 
28 28.0 
29 16.8 
30 65.9 

l alternative 

c- 1 105.0 
(Jc-ti ) 161.9 

76.0 
Ara : + 

c-3 4 5 61.7 

C- 1 101.8 
(Jc-ti ) 173.2 

2 72.4 
Rham 3 72.6 

c-3 4 5 6;.9 
6 18.6 

c- 1 93.0 
(Jc-n ) 167.2 

2 72.4 
Rham 3 73.2 
c-20 4 l 

5 70.3 
6 18.6 

(C5D5N. TM I 0) of ritiphin 1. 

48) 

38.9 38.9 39.0 
27.9 26.8 26.7 
78.0 88.7 88.1 
39.5 39.6 39.7 
56.0 56.2 56.3 
18.4 18.8 18.3 
36.1 35.6 36.0 
37.6 37.0 37.3 
53.0 52.7 53.0 
37.6 37.0 37.3 
21.7 21.5 21.8 
28.6 27.9 28.6 
37.0 37.2 37.5 
53.7 53.7 53.7 
37.0 37.0 37.1 

110.6 109.9 110.6 
53.7 54.8 53.9 
18.4 18.8 18.3 
16.3 16.4 16.4 
68.6 75.7 68.5 
30.0 24.3 30.0 
45.2 40.9 45.5 
68.7 68.2 68.5 

126.8 126.4 127.0 
134.3 134.6 134.2 

25.8 25.6 25.5 
18.8 19.0 18.9 
28.6 27.9 28.0 
16.3 16.8 16.8 
65.9 65.7 65.8 

105.3 

79.6 
Glc 77.7 
C-3 72.2 

78.0 
62.9 

104.7 

74.5 
Ara 82.2 
c-3 68.1 

64.9 

101.5 104.7 

72.2 74.9 
Rham 72.2 Glc 78.2 
c-3 74.0 c-3 71.5 

69.4 78.5 
18.6 62.6 

96.3 101.9 

72.4 72.4 
Rham 73.5 Rham 72.4 
c-20 73.5 c-3 73.9 

71.1 70.0 
18.6 18.6 

ORI 

4 Jujubogenln 

R,=RZ=H 

_& R1= 

Rl= 
HOH$ 

HO 0’ 

W 
Me 

HO OH 

a 
Rj=H 

H6 bH 

Ara = arabinopyranosyl, Glc I glucopyranoayl, Rham - rhamnopyranoayl. 

l 68.7 70.3 73;8 74.1 alternative 
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NHR signals of the sugar parts were closa to those of L-rhaanose (Table 2). 

RO Cl7 

OH OH OH 
1 RxAc 

1 R=H 

H’ I 

Table 2. ‘Ii-MU data (C5D5N. THS I 0) of sugars in zlziphin 1. 

Ars (C-3) 

1 4.80 d 

(J-5.3 Hz) 

2 4.53 dd 

(J-5.3, 5.7 Hz) 

3 4.25 m 

4 4.25 m 

5 CH2 3.80 d 

Rham (C-3) Rham (C-20) 

1 6.10 s 1 5.45 s 

2 4.71 br s 2 5.63 s 

3 4.58 dd 3 5.83 dd 

(J-3.4, 9.4 Hz) (J-3.2, 9.9 Hz) 

4 4.25 m 4 4.25 m 

5 4.59 m 5 4.37 m 

(519.8 Hz), 4.25 m 

6 CH3 1.60 d 6 CH3 1.65 d 

(J-6.3 Hz) (J-6.2 Hz) 

OAC- 1.97 5, 2.06 s 

The analysis of ‘% NHR spectrum of ziziphin indicated that SugSr moieties are linked at 

C-3 and C-20 of jujubogenin, because the C-3 and C-20 signals of the aglycone were observed at 

6 88.8 and 6 77.1, which were consistent with the reported downfield shift by glycosidation at 

C-3 and C-20 of dsmmarane-type saponinsa). [6 78.0 + 88.8; 6 68.6 + 77.11. Furthermore, the 

signs1 of one of the rhsmnosyl anomeric carbons was observed at 6 93.0 with an upfield shift 

of ca. 9. These results indicated that one of the rhamnose moieties Is linked to jujubogenin 
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at the C-20 hydroxy group. The13C NNR data are in good agreement with those of earlier 

papers7*8)(Table 1). Proton long range COSYg) shows the presence of long range coupling 

between E-3 in aglycone aRd H-l in the arabinose moiety. This fact muggested that rhamno6e 

moiety and 4-O-rhamnoaylarabinose moiety attached to C-20 and C-3, respectively. The mass 

fragmenta of siriphin were acrutinixed and it was concluded that rhamnoae moiety at C-20 

incorporates the acctyl groups because the fragment of m/x 702 was found. This fragment vaa 

reasonably explained by the cleavage of rhamnopyranosyl-arabinopyranoayl moiety at C-3 at the 

aglycone (see structure 1). On the basis of all above data, zixiphin is represented by the 

structure 1. [3-O-(4-O-o-L-rhsmnopyranosyl~-Garabinopyranosyl~2~2,3-di-0-acetyl)~-L- 

rhamnopyranoayljujubogenin]. 

AdamslO) obtained a mixture of triterpene aaponins, having antisweet activity from the 

leaves of Zieiphus juiuba. This material was reported to contain glucose, xylose. fucose, 

arabinose and rhamnose as the auger components. Ziziphin purified in the present study 

contained only arabinose and rhamnose. In the present study, we could not find any other 

substance having antisweet activity than ziziphin obtained. Probably the material which Adams 

obtained contained various inactive saponins having various species of sugars. 

Antisweet activity of ziziphin - 

Antisweet activity of ziziphin was tested by tasting sweeteners after zixiphin solution 

was held in the mouth for 3 min. Application of 1 mM eiziphin solution led to a complete 

suppression of sweetness induced by 0.4 I4 sucrose. Zitiphin suppressed sweetness induced by 

all the sweeteners examined (D-glucose, D-fructose, etevioside, glycine, sodium saccharin. 

aspartame and naringin dihydrochalcone), while it showed no suppressive effect on salty taste 

of NaCl, sour taste of HCl and bitter taste of quinine. Thus the action of zitiphin is highly 

specific for sweetness. It has been reported 11-13) that there are a number of different 

sweet receptor molecules (or sites) on taste receptor membranes. The present results suggest 

that different sweet receptors share a common structure to which zixiphin binds. Details of 

these psychophysical data will be reported in a separate paper. 

The mild alkaline hydrolysis of xixiphin gave a deacyl xiziphin 2 with liberation of 

acetic acid without affecting other structure of ziziphin. The compound 2, m.p. 220-221°C, 

[ali -50.19O (~~1.02, HeOH) showed no antisweet activity, indicating that the acetyl groups 

play an important role in exhibition of the sweet inhibiting activity. As reported before’4). 

gymnemagenin of ode of gymnemic acids has acetyl group. Liberation of acetic acid from the 

gymnemic acid also led to a loss of the antisweet activity. Hence acetyl group plays an 

important role in generation of the antisweet activity both in gynnemic acid and ziziphin. 

EXPERIMENTALS 

Melting points were determined vith a Shimatu Micro-Melting Point apparatus and were 
uncorrected. IR spectra were recorded on a SHIMAZU IR-600 spectrophotometer, UV spectra on 
SHIIIAZU UV-240, optical rotations were measured on a HORIBA SEPA-2CC polarimeter. The NMR 

ere measured on a Bruker AM 500 spectrometer, 
‘l%rda “C NHR. respectively. 

operating at 500.13 and 125.75 Hz for 
Spectra uere obtained in C5D5N (TMS as an internal standard). 

The 2D spectra were acquired with quadrature detection in the f2 dimension, sine-bell 
y;!fip&;‘a’,“,” :,1l$C and f2, and zero-filling in f 1. The data size of the time-domain of the 

heteronuclear shift correlated spectrum were 1K x 4K and 128W x 4K data 
matrix, respectively. Thin layer chromatography (TLC) was performed on Silica gel 60 F-254 
(Merck) with the lover phase of CHC13-HeOH-H 0 (65:35:10) as the solvent and detection was 
done by spraying 10% H SO4 reagent followed 
with Wakogel C-200 (Ua z 

8 y heating. Column chromatography was carried out 
0). RP-2 (Merck) and Sephadex LH-20 (Pharmacia Fine Chemicals). The 

ratios of solvent and reagent are given in v/v. HPLC was run on a TOYOSODA HLC-803A. 
Isolation of ziziphin. The leaves of the plant Ziziphua ju.juba were collected in Yokohama 
area in September and air-dried at room temperature. The dried leaves (2 kg) were powdered 
and defatted with n-hexane three times at 5O“C. The defatted leaves were extracted twice with 
EtOH-H 0 mixture (2:l) at 50% 

1 
The extracts were concentrated to a small volume and 

precip tatea were removed by centrifugation. The supernatant having high antisweet activity 
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was extracted with CHC13-II20 (2:l) at room temperature. The organic layer was evaporated to 
dryness under reduced pressure. The crude ziziphln (Z-1) (21 g) was obtained as precipitates 
by addition of ether to the alcoholic solution of the residue. The crude zlziphin (Z-l) was 
chromatographed on silica gel with the solvent of lower phase of CHC13:NaOH:H20 (75:25:10) to 
collect the fraction containing the active material. This fraction was chromatographed on 
reverse phase column in the solvent system A [CH3CN:Z-PrOkH20 (X.3:4.2:63.5).]. After all 
colored materials were removed out, active fractions were eluted with the solvent of kOH:H20 
(10:3). Finally, ziziphin (Z-2) (180 mg) was obtained by gel filtration on a Sephadex H-20 
column with methanol. Further purification by HPLC at the conditions ss described in Fig. 18 
gave pure ziziphin (Z-3), L. 
Ziziphin L Colorless solid; m.p. 213-215’C. [a]i5 -39.60” (c-1.01, MeOH); Anal. Calcd for 

2H20. C,60.24:H,8.26. Found:C,60.22;H.8.59. ‘H-NMR (CDCl ) ; 0.63 (1H. m), 0.82 (3H, 
1H. m). 1.02 (3H, s), 1.11 (3H, s), 1.29 (2H. m). 1.39 (la. m), 1.40 (2H, m). 1.43 

(3H, s), 1.55 (2H, m), 1.57 (lH, q ), 1.60 (3H. d), 1.63 (2H, q ), 1.65 (3H. d). 1.66 (3H, a), 
1.79 (lH, q ), 1.84 (3H, s), 1.96 (2H, m), 1.97 (3H, s). 1.97 (lH, m), 2.04 (lH, m), 2.06 (3H, 
s), 2.35 (lH, d, J-8.5 Hz), 2.91 (1H. m), 3.18 (lH, dd, J-4.3, 11.8 Hz) 3.80 (18, d, J-9.8 
Hz), 4.16 (lH, d. J-7.0 Hz), 4.25 (6H, m), 4.37 (lH, m), 4.53 (lH, dd, Jm5.3, 5.7 Hz), 4.58 
(lH, d J-3.4, 9.4 Hz), 4.59 (lH, m), 4.71 (lH, br s), 4.88 (lH, d, J-5 Hz), 4.99 (1H. br t), 
5.45 (2H, br s), 5.63 (lH, s), 5.83 (1H. dd, J-3.2, 9.9 Hz), 6.10 (lH, 8). 

A solution of 100 mg of 1 dissolved in 10 ml of EtOH and 10 ml of 20% H2SO4 was heated for 
2 hr under reflux. The solution was diluted with water and extracted with ether. The ether 
solution was dried and concentrated. The residue was chromatographed on silica gel (beozene: 
acetone 12:l) to yield ebelin lactone (20 g. retry allixed from MeOH), which was identified 
with an authentic sample in all respects 5T 
Identification of sugars. 

(TLC,’ % NHR, ifl X nm 270,279,288). 
According to the method of Karr 

N trifluoroacetic acid to afford sugars, 
, %iphin was hydrolyzed with 2 

which were converted into alditol acetates. Gas 
chromatography (OV-1, 50 m x 0.31 mm, column temperature 150-24O’C) showed the presence of L- 
arabinose and L-rhamnose in the ratio of 1:2. 
Liberation of acetyl group from zitlphin & Sixty mg of 1 was dissolved in 6 ml of HeOH 
saturated with NH3 and stood st room temperature over night. The mixture was diluted with 
water, and the precipitates formed were collected by centrifugatlon. The crude materials vas 
subjected to chromatography on a-reverse phase column (Merck RP-2) (solvent svstem A) to nive 
compound 2. m.p. 220_22ioC, [a]g5 -50.19; (C-1.02, MeOH) Anal. Calid for C47H76016 H20: - 
C,61.71; H.8.53. Found:C,61.40; H.8.22. 
Bioassa 
describ:d$rwF. 

Bioassay of zixiphin was carried out essentially as 
Participants were three females and two males. Each participant held 

a test zixiphin solution in mouth for 3 min. The mouth was rinsed with water and a sweetener 
solution was tasted. It was asked whether or not the participants taste sweetness to the 
sweetener solution. 
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