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Research progress on chemical constituents in plants of Gypsophila L. and their

pharmacological activities
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Abstract: The plants in Gypsophila L. mainly contain chemical constituents, such as flavonoids, cyclic peptides, sterols, volatile oil,

triterpenoid saponins, and other compounds which possess antitumor, anti-obesity, anti-diabetic activity, hepatoprotective activity,

anti-oxidation, and so on. On the basis of the retrieval of relevant literature, this paper summarizes the progress on resources, chemical

composition, pharmacological action, and clinical application of the plants in Gypsophila L., and provides the references for the further

study and development of the plants in Gypsophila L.
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Table 1 Species in Gypsophila L. and their resource distribution in China
M4 S L it}
DG 4e)P 4 Sect. Corym- A 3k4E G. altissima L. 1A, HraE CEMR. ftr . SAAUR IR HiED
bosae Barkoudah 6447 34¢ G. cephalotes (Schrenk) 1ASFE HrglBT Rl R X #8541 R T
F. N. Williams
K4 3k7E G. oldhamiana Migq. SRR = | A T i 37 I TR A 16 N1 2]
WA 3kAE G. tschiliensis J. Krause FALN LA, BRIEE AA W, b E e
s 3kTE G. huashanensis Y. W. Tsui. Bephigil . 204X
& D.Q.Lu
A kAL JRAERD G. davurica Turcz. Ak, WET e (D
ex Fenzl var. davurica
Pent B gp kA CERD G, davurica NESEENY
var. angustifolia Fenzl in Ledeb.
KA 3kAE G. pacifica Kom. b
REH AR G. patrinii Ser. TR HW i B
SRAT kA8 G. capituliflora Rupr. ZFi TE L HN B
A7 3L AE G. licentiana Hand. -Mazz. wab. g, N5 BT (B T E.
Hol &5 Brem
JIP A kAt G. spinosa D. Q. Lu BB R 2 L BUR SR HX CGEARTS
RE BTz, dbdD
[ HEAE 24 Sect. Rokeje- [H#HEA kAL G. paniculata L. 2 Ff BrERBT R AR L AT ERT
ka (Forssk.) A. Br. Bl 3k 4% G. perfoliata L. AL
St 4 Sect. Heterochroa #&E KA KTE G. cerastioides D. Don 3 Fh Vh = g A L, BERTL X (. AR

(Bge.) Fenzl

AT kAL G. desertorum (Bge.) Fenzl
5B FH KAk G. sericea (Ser.) Krylov

2822184 Sect. Dichoglottis 25221t G. elegans M. Bieb.
(Fisch. et Mey.) Fenzl
KIEHRZH Sect. Macrorrhi- 41/ 3k4k G. muralis L.

zaea Boiss.
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Fig.1 Parent nuclei of flavonoids from plants in Gypsophila L.
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methyl-naphthalene (30). 4-methyl-1-pentanol (31).
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Table 2 Flavonoids from plants in Gypsophila L.

G (LAEL /A BER% B HPIARIE 27 30K

1 isoscoparin 1 R,=R,=H, R;=CH;0 b 7

2 isovitexin I R=R,=R;=H a. e 8-9

3 2"-O-rhamnopyransoyl-isovitexin I R;=R;=H, R,=Rha e 9

4 isoorientin I R,=R,=H, R;=OH e 9

5 2"-O-rhamnopyransoyl-7- methoxylisoorientin 1 R,=CH;0, R,=Rha, R;=OH e 9

6 2"-O-rhamnopyransoyl-isoorientin 1 R,=H, R,=Rha, R;=OH e 9

7 apigenin 6-C-[a-L-arabinosyl-(1"—2")-B-D-gluco- I R=Glc, Ry=Ara, R;=H a 10

pyranosyl]-7-O-B-D-glucopyranoside

8 isoorientin-2"-O-a-L-arabinopyranosyl I R,=H, R,=Ara, R;=OH 11

9 luteolin 7-O-a-L-arabinopyranosyl-6-C-B-glucopyranoside I R;=Ara, R,=H, R;=OH d 12
10 mangiferin II R,=H, R=Glc e 9

a-G oldhamiana b-G. capituliflora c-G. elegans d-G. repens e-G. pacifica
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Fig. 2 Chemical structures of cyclic peptides from plants in Gypsophila L.
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Table 3 Cyclic peptides from plants in Gypsophila L.
TS G FR VAN MYERIE S FE IR
11 cyclo-(Glyl-Phez-Asp3 -Phe’-lle’-Leu®-Pro”) C41Hs3N;04 a 13
12 cyclo-(Pro1-Tyrz-Ser3-Phe4-Phe5-Val6-Ile7-Glns) Cs51Hg7NoO a 14
13 cyclo-(Pro L_Phe?-Pro’-Pro*-Ser’ -ThrG-Gly7-Leu8-Pro9-Ile 10y CsoH74N 904, a 14
14 cyclo-(Prol -Glyz-lles-Phe“-Thr5 -lleb-1le’-Thr®) C4HgNgO1 a 14
15 cyclo-(Pro1-GlyZ-Leu3-Ser4-Thr5-lle6-Leu7-Thr8) C36HNgO a 14
16 cyclo-(ProI-Glyz-Leu3-Val4-Pr05 -Ileé-Gly7) C5;H;5N;04 a 14
17 cyclo-(Prol-GlyZ-Phe3-Asp4-Phe5-lle6-Leu7) C41Hs5N50q a 14
18 cyclo-(Leu1 -Pro*-Leu’ -Trp“-Pro5 -Gly6) C35H49N;04 f 15
19 cyclo-(Leul-Proz-Tyr3-Phe4-Pr05-Gly6) C36H46NO- f 15
20 cyclo-(AlaI-Proz-Tyr3-Leu4-Leu5 -Pro®-Pro’-Ala®) C4,HgNgOq f 15
21 cyclo-(Leu'-Trp-Pro’-Gly*-Gly’-Ser®-Ser’) C3,H44NgOq f 15
f-G arabica
25 ZiERHEFEFE

— = R AL I E F A 1 AL
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Fig. 3 Parent nuclei of sterols from plants in Gypsophila L.
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Table 4 Sterols from plants in Gypsophila L.

%5 (AL 827 AL FEAIR A S 3R
22 B-D-glucoside-a-spinasterol 111 R=Glc a 16-18
23 a-spinasterol I Ri=H a 17-18
24 B-sitosterol v R,=H a. b 7-8,16-18
25 daucosterol v R=Glc a. b 7-8,16-18

arbutin™ (142). octadecyl caffeate!' ' (143) ferulic
acid!"™"® (144). p-hydroxycinnamic acid™ (145).
dihydroferulic acid®®! (146). syringic acid*® (147).
vanillic acid®™ (148) %%, LiRHMb WIS K
XL 5.
3 HEEH
3.1 mAEER

KM MTT 3% Je 8 Bl KUt g 40 i #R - (KB
PC-3M. A549. KeTr3. A2780. SMMC-7721. HT29.
SGC7901) M E R (KEEAT KAL) PEF LT (43)

AT BRI VAN, R RAT — 2 RS R
YEM, 1Cso /NT 50 pg/mL!** M40 BE5eia R, ip
7.5, 10.0 mg/kg FEHURFE (43) HF/NER Sigo IJREA
Hy T H A B B 300 /E . 30098 2843 ) A
32.8%- S1.1%F1 42.3%. 45.8%, L5xtIE4] Hhagiy
HAG R, BRI A LBAE 4L, =
NEYFAE LA

Arslan 25CYR U SLAE B MY G. pilulifera
Boiss. & Heldr. 11L& 44 X A549 40l A5 1H 8
FITEFEAIHNEYE (IC50>16 pmol/L).
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Fig. 4 Parent nuclei and some structures of triterpenoids from plants in Gypsophila L.
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Table 5 Triterpenoids from plants in Gypsophila L.
P YK B HRIE 22530k
38 quillaic acid a-L-arabinopyranosyl-(1—4)-a-L-arabinopyranosyl-(1—3)-p-D- A% a 23

xylopyranosyl-(1—4)-a-L-rhamnopyranosyl-(1—2)-p-D-fucopyranosyl ester

39 3-0-B-D-galactopyranosyl-(1—2)-[ B-D-xylopyranosyl-(1—3)]-B-D-glucuronopy- v a 24
ranosyl quillaic acid methyl ester

40  3-O-B-D-galactopyranosyl-(1—2)-[B-D-xylopyranosy 1-(1—3)]-B-D-glucuronop- v a 24
yranosyl quillaic acid 28-{O-p-D-fucopyranosyl-(1—4)-[B-D-glucopyranosyl-

(1—-3)]-a-L-rhamnopyranosyl} ester

41 quillaic acid 3-O-B-D-galactopyranosyl-(1—2)-[B-D-galactopyranosyl-(1—3)]-B- A% a 25
D-glucuronopyranoside

42 quillaic acid A% a 26-28

43 3-0-{B-D-galactopyranosyl-(1—2)-[ -D-xylopyranosyl-(1—3)]-p-D-glucuronopy- v a 29-30

ranosyl} quillaic acid 28-[a-L-arabinopyranosyl-(1—2)-a-L-arabinopyranosyl-(1—3)-
B-D-xylopyranosyl-(1—4)-a-L-rhamnopyranosyl-(1—2)-B-D-fucopyranosyl] ester

44 3-0O-B-D-galactopyranosyl-(1—2)-[B-D-xylopyranosyl-(1—3)]-B-D-glucuronopy- v g 31
ranosyl quillaic acid 28-O-B-D-glucopyranosyl-(1—3)-[B-D-xylopyranosyl-
(1—4)]-a-L-rhamnopyranosyl-(1—2)-B-D-fucopyranosyl ester

45 3-0-B-D-galactopyranosyl-(1—2)-[ B-D-xylopyranosyl-(1—3)]-p-D-glucuronopyrano- v e 32
syl quillaic acid 28-O-B-D-glucopyranosyl-(1—3)-[ B-D-glucopyranosyl-(1—4)]-a-L-
rhamnopyranosyl-(1—2)-[a-L-arabinopyranosyl-(1—4)]-B-D-fucopyranosyl ester
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46 3-0-B-D-galactopyranosyl-(1—2)-[a-L-arabinopyranosyl-(1—3)]-B-D-glucopyrano- \% e 32

syl quillaic acid 28-0-a-L-arabinopyranosyl-(1—3)-B-D-xylopyranosyl-(1—4)-[3-
D-glucopyranosyl-(1—3)]-a-L-rhamnopyranosyl-(1—2)-[a-L-rthamnopyranosyl-
(1-4)]-B-D-fucopyranosyl ester

47 3-0-B-D-galactopyranosyl-(1—2)-[ B-D-xylopyranosyl-(1—3)]-B-D-glucuronopyrano- v k 33
syl quillaic acid 28-O-B-D-xylopyranosyl-(1—3)-p-D-xylopyranosyl-(1—3)-B-D-
xylopyranosyl-(1—4)-a-L-rhamnopyranosyl-(1—2)-[3, 4-di-O-acetyl-p-D-
quinovopyranosyl-(1—4)]-p-D-fucopyranoside

48 3-0-B-D-galactopyranosyl-(1—2)-[ B-D-xylopyranosyl-(1—3)]-B-D-glucuronopyrano- v 1 34
syl quillaic acid 28-0-B-D-xylopyranosyl-(1—4)-[B-D-glucopyranosyl-(1—3)]-a-L-
rhamnopyranosyl-(1—2)-[ B-D-glucopyranosyl-(1—4)]-B-D-fucopyranosyl ester

49 3-0-B-D-galactopyranosyl-(1—2)-[ B-D-xylopyranosyl-(1—3)]-B-D-glucuronopyrano- v 1 35
syl quillaic acid 28-O-B-D-glucopyranosyl-(1—3)-[B-D-xylopyranosyl-(1—3)-p-D-
xylopyranosyl-(1—4)]-a-L-rthamnopyranosyl-(1—2)-p-D-fucopyranosyl ester

50 3-0-0-L-arabinopyranosyl-(1—2)-[3-D-galactopyranosyl-(1—3)]-B-D-glucuronopy- v n 36
ranosyl quillaic acid 28-0-a-L-arabinopyranosyl-(1—4)-a-L-arabinopyranosyl-(1—3)-
B-D-xylopyranosyl-(1—3)-B-D-xylopyranosyl-(1—2)-3-O-acetyl-4-O-cis-p-
methoxycinnamoyl-f3-D-fucopyranoside

51 3-0-0-L-arabinopyranosyl-(1—2)-[B-D-galactopyranosyl-(1—3)]-B-D-glucuronopyrano- \Y% n 36
syl quillaic acid 28-0-B-D-xylopyranosyl-(1—3)-p-D-xylopyranosyl-(1—3)-B-D-
xylopyranosyl-(1—2)-3-O-acetyl-4-O-trans-p-methoxycinnamoyl-p-D-fucopyranoside

52 3-{{O-B-D-xylopyranosyl-(1—4)-p-D-galactopyranosyl-(1—2)-O-[a-L-arabinopyrano- ~ V n 37
syl-(1—3)]-B-D-glucopyranuronosyl } oxy } quillaic acid 28-{O-p-D-xylopyranosyl-
(1-3)-0-B-D-xylopyranosyl-(1—4)-O-o-L-rhamnopyranosyl-(1—2)-O-B-D-
quinovopyranosyl-(1—4)]-B-D-fucopyranosyl} ester

53 3-{{0-a-L-arabinopyranosyl-(1—3)-O-[ -D-galactopyranosyl-(1—2)]-p-D-glucopy- A% n 37
ranuronosyl}oxy}quillaic acid 28-{O-B-D-galactopyranosyl-(1—3)-O-p-D-
xylopyranosyl-(1—4)-O-a-L-rhamnopyranosyl-(1—2)-p-D-fucopyranosyl} ester

54 3-{{O-B-D-galactopyranosyl-(1—2)-O-[-D-xylopyranosyl-(1—3)]-B-D-glucopy- v n 37
ranosyl}oxy}quillaic acid methyl ester

55 3-{{O-B-D-glucopyranosyl-(1—2)-O-[B-D-xylopyranosyl-(1—3)]-B-D-glucopy- \Y% n 37
ranuronosyl}oxy}quillaic acid

56 3-{{O-B-D-galactopyranosyl-(1—4)-O-[B-D-glucopyranosyl-(1—2)]-p-D-glucopy- v n 37

ranuronosyl}oxy}quillaic acid

57 3-{O-B-D-galactopyranosyl-(1—2)-O-[B-D-xylopyranosyl-(1—3)]-p-D-glucuronopy- \% n 38
ranosyl} quillaic acid 28-{O-B-D-xylopyranosyl-(1—3)-O-B-D-xylopyranosyl-
(1-4)-0-0-L-rhamnopyranosyl-(1—2)-0O-[3,4-di-O-acetyl-B-D-quinovopyrano-
syl-(1—4)]-B-D-fucopyranosyl} ester

58 rubicunoside C v n 38

59/60 3-O-[B-D-galactopyranosyl-(1—2)][B-D-xylopyranosyl-(1—3)]-B-D-glucuronopyrano- ~ V n 38
syl quillaic acid 28-O-[a-L-rhamnopyranosyl-(1—2)]-4-O-acetyl-3-O-(E/Z)-para-
methoxycinnamoyl-f-D-fucopyranosyl ester

61 quillaic acid 3-O-B-D-xylopyranosyl-(1—3)-B-D-glucuronopyranoside \% o 39

62 3-0-B-D-galactopyranosyl-(1—2)-[B-D-xylopyranosyl-(1—3)]-B-D-glucuronopy- v o 39
ranosyl quillaic acid 28-0-(6-O-acetyl)-B-D-glucopyranosyl-(1—3)-[B-D-xylopy-
ranosyl-(1—4)]-a-L-rhamnopyranosyl-(1—2)-B-D-fucopyranoside
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63 3-0-B-D-galactopyranosyl-(1—2)-6-O-methyl-p-D-glucuronopyranosyl quillaic acid \" o 39

64  3-O-B-D-galactopyranosyl-(1—2)-[B-D-xylopyranosyl-(1—3)]-p-D-glucuronopy- VI a 24
ranosyl gypsogenin methyl ester

65 gypsogenin 28-0-a-D-galactopyranosyl-(1—6)-p-D-glucopyranosyl-(1—6)-[3-D- VI a 25
glucopyranosyl-(1—3)]-B-D-glucopyranosyl ester

66 3-0-B-D-galactopyranosyl-(1—2)-B-D-glucuronopyranosyl gypsogenin 28-O-f-D- VI a 25
xylopyranosyl-(1—4)-a-L-rhamnopyranosyl-(1—2)-p-D-fucopyranoside

67 3-0-B-D-galactopyranosyl-(1—2)-[ B-D-xylopyranosyl-(1—3)]-B-D-glucuronopy- VI a 25
ranosyl gypsogenin 28-0-a-L-arabinopyranosyl-(1—3)-p-D-xylopyranosyl-
(1—-4)-0-L-rhamnopyranosyl-(1—2)-f-D-fucopyranoside

68 3-0-B-D-galactopyranosyl-(1—2)-[ B-D-xylopyranosyl-(1—3)]-p-D-glucuronopyrano- VI a 25
syl gypsogenin 28-0-(6-O-acetyl)-p-D-glucopyraanosyl-(1—3)-[B-D-xylopy-
ranosyl-(1—4)]-a-L-rhamnopyranosyl-(1—2)-B-D-fucopyranoside

69 3a-hydroxyepigypsogenin VI a 18,28

70  gypsogenin VI a 18,27-28

71 3-0-B-D-galactopyranosyl-(1—2)-[B-D-xylopyranosyl-(1—3)]-methyl-B-D-glucurono- VI a 30
pyranosyl gypsogenin 28-O-B-D-glucopyranosyl-(1—3)-[B-D-xylopyranosyl-
(1-4)]-a-L-rhamnopyranosyl-(1—2)-p-D-fucopyranoside

72 3-0-B-D-xylopyranosyl-(1—3)-[B-D-galactopyranosyl-(1—2)]-B-D-glucuronopy- VI a 40
ranosyl gypsogenin

73 3-0-(a-L-arabinopyranosyl-(1—3)-[B-D-galactopyranosyl-(1—2)]-B-D-glucurono- VI h 41
pyranosyl)-28-0O-(3-O-sulphate-f3-D-glucopyranosyl-(1—3)-[-D-xylopyranosyl-
(1-4)]-a-L-rhamnopyranosyl-(1—2)-4-O-acetyl-p-D-fucopyranosyl)-gypsogenin

74  3-O-(B-D-xylopyranosyl-(1—3)-[B-D-galactopyranosyl-(1—2)]-B-D-glucuronopy- VI h 41
ranosyl)-28-0-(3-O-sulphate-f3-D-glucopyranosyl-(1—3)-[ B-D-xylopyranosyl-
(1-4)]-a-L-rhamnopyranosyl-(1—2)-4-O-acetyl-p-D-fucopyranosyl)-gypsogenin

75  3-O-(a-L-arabinopyranosyl-(1—3)-[p-D-galactopyranoyl-(1—2)]-B-D-glucuronopy- VI h 41
ranosyl)-28-0-(3-O-sulphate-f-D-glucopyranosyl-(1—3)-[f-D-xylopyranosyl-(1—
4)]-a-L-rhamnopyranosyl-(1—2)-3-O-acetyl-B-D-fucopyranosyl)-gypsogenin

76  3-O-(a-L-arabinopyranosyl-(1—3)-[p-D-galactopyranoyl-(1—2)]-B-D-glucuronopy- VI h 41
ranosyl)-28-0-(B-D-glucopyranosyl-(1—3)-[f-D-xylopyranosyl-(1—4)]-a-L-
rhamnopyranosyl-(1—2)-4-O-acetyl-p-D-fucopyranosyl)-gypsogenin

77  3-O-(a-L-arabinopyranosyl-(1—3)-[p-D-galactopyranoyl-(1—2)]-B-D-glucuronopy- VI h 41
ranosyl)-28-0-(6-O-acetyl-B-D-glucopyranosyl-(1—3)-[-D-xylopyranosyl-(1—4)]-
a-L-rhamnopyranosyl-(1—2)-4-O-acetyl-B-D-fucopyranosyl)-gypsogenin

78 3-0-(B-D-xylopyranosyl-(1—3)-[B-D-galactopyranosyl-(1—2)]-B-D-glucuronopy- VI h 41
ranosyl)-28-0-(6-O-acetyl-B-D-glucopyranosyl-(1—3)-[ B-D-xylopyranosyl-(1—4)]-
a-L-rhamnopyranosyl-(1—2)-4-O-acetyl-B-D-fucopyranosyl)-gypsogenin

79  3-O-(a-L-arabinopyranosyl-(1—3)-[p-D-galactopyranoyl-(1—2)]-B-D-glucuronopy- VI h 41

ranosyl)-28-O-(B-D-glucopyranosyl-(1—3)-[f-D-xylopyranosyl-(1—4)]-a-L-
rhamnopyranosyl-(1—2)-p-D-fucopyranosyl)-gypsogenin
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81

82/83

84

85

86

87

88

89

90

91

92

93

94

3-0-(a-L-arabinopyranosyl-(1—3)-[B-D-galactopyranosl-(1—2)]-p-D-glucuronopy-
ranosyl)-28-0-(6-0-acetyl-f-D-glucopyranosyl-(1—3)-[a-L-arabinopyranosyl-
(1-3)-B-D-xylopyranosyl-(1—4)]-a-L-rhamnopyranosyl-(1—2)-4-O-acetyl-
B-D-fucopyranosyl)-gypsogenin

3-0-(B-D-xylopyranosyl-(1—3)-[B-D-galactopyranosyl-(1—2)]-B-D-glucuronopy-
ranosyl)-28-0-(6-O-acetyl-f-D-glucopyranosyl-(1—3)-[a-L-arabinopyranosyl-(1—
3)-B-D-xylopyranosyl-(1—4)]-a-L-rhamnopyranosyl-(1—2)-4-O-acetyl-p-D-
fucopyranosyl)-gypsogenin

3-0-(a-L-arabinopyranosyl-(1—3)-[B-D-galactopyranosyl-(1—2)]-p-D-glucuronopy-
ranosyl)-28-0-(B-D-glucopyranosyl-(1—3)-[a-L-arabinopyranosyl-(1—3)-f-D-
xylopyranosyl-(1—4)]-a-L-rhamnopyranosyl-(1—2)-4-O-cis/trans-methoxy-
cinnamoyl-B-D-fucopyranosyl)-gypsogenin

3-0-B-arabinopyranosyl-(1—3)-[B-galactopyranosyl-(1—2)]-B-glucuronopyranosyl
gypsogenin

3-0-B-xylopyranosyl-(1—3)-[ B-galactopyranosyl-(1—2)]-p-glucuronopyranosyl
gypsogenin

3B-hydroxyolean-12-en-23-0x0-28-oic acid 28-O-[B-D-glucopyranosyl-(1—2)-p-
D-galactopyranosyl-(1—3)]-[B-D-glucopyranosyl-(1—6)]--D-galactopyranoside

gypsogenin 28-0-B-D-glucopyranosyl-(1—2)-[B-D-glucopyranosyl-(1—6)]-p-D-
glucopyranoside

3B-sulfate ester of gypsogenin 28-0-B-D-glucopyranosyl-(1—2)-[-D-glucopyranosyl-
(1—6)]-B-D-glucopyranoside

3-0-B-D-galactopyranosyl-(1—2)-[ B-D-xylopyranosyl-(1—3)]-p-D-glucuronopyrano-
syl gypsogenin 28-0-a-L-arabinopyranosyl-(1—4)-o-L-arabinopyranosyl-(1—3)-f-
D-xylopyranosyl-(1—4)-a-L-rhamnopyranosyl-(1—2)-f-D-fucopyranosyl ester

3-0-B-D-galactopyranosyl-(1—3)-B-D-glucuronopyranosyl gypsogenin 28-O-f-D-
xylopyranosyl-(1—3)-B-D-xylopyranosyl-(1—4)-a-L-rhamnopyranosyl-(1—2)-
B-D-fucopyranosyl ester

3-0-B-D-galactopyranosyl-(1—2)-[ B-D-xylopyranosyl-(1—3)]-B-D-glucuronopy-
ranosyl gypsogenin p-D-xylopyranosyl-(1—4)-a-L-rhamnopyranosyl-(1—2)-
[3,4-di-O-acetyl-B-D-quinovopyranosyl-(1—4)]-B-D-fucopyranoside

3-0-B-D-galactopyranosyl-(1—2)-[B-D-xylopyranosyl-(1—3)]-B-D-glucuronopy-
ranosyl gypsogenin a-L-arabinopyransyl-(1—3)-p-D-xylopyranosyl-(1—4)-a-L-
rhamnopyranosyl-(1—2)-[3,4-di-O-acetyl-B-D-quinovopyranosyl-(1—4)]-B-D-
fucopyranoside

3-0-B-D-galactopyranosyl-(1—2)-[B-D-xylopyranosyl-(1—3)]-B-D-glucuronopy-
ranosyl gypsogenin 28-p-D-xylopyranosyl-(1—4)-[-D-glucopyranosyl-(1—3)]-
a-L-rthamnopyranosyl-(1—2)-4-O-trans/cis-p-methoxycinnamoyl-p-D-fucopyranosyl

3-0-B-D-galactopyranosyl-(1—2)-[B-D-xylopyranosyl-(1—3)]-6-O-methyl-B-D-
glucuronopyranosyl gypsogenin 28-p-D-xylopyranosyl-(1—4)-[B-D-glucopyrano-
syl-(1—3)]-a-L-rhamnopyranosyl-(1—2)-4-O-trans/cis-p-methoxycinnamoyl-B-D-

fucopyranoside

VI h

VI h

VI h

VI h

VI h

VI i

VI i

VI i

VI e

VI [

VI k

VI k

VI k

VI k

41

41

41

26

26

7))

43

44

32

32

33

33

33

33
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95/96  3-O-B-D-galactopyranosyl-(1—2)-[B-D-xylopyranosyl-(1—3)]-6-O-methyl-p-D- VI k 33

glucuronopyranosyl gypsogenin 28-3-D-xylopyranosyl-(1—4)-[pB-D-glucopyrano-
syl-(1—3)]-a-L-rhamnopyranosyl-(1—2)-3-O-trans/cis-p-methoxycinnamoyl-p-D-
fucopyranosyl

97  3-0-B-D-galactopyranosyl-(1—2)-[ B-D-xylopyranosyl-(1—3)]-B-D-glucuronopyr- VI 1 34
anosyl gypsogenin 28-O-B-D-xylopyranosyl-(1—4)-[B-D-glucopyranosyl-(1—3)]-
a-L-rhamnopyranosyl-(1—2)-[B-D-glucopyranosyl-(1—4)]-B-D-fucopyranosyl ester

98  3-O-B-D-xylopyranosyl-(1—3)-[B-D-galactopyranosyl-(1—3)-p-D-galactopyrano- VI 1 35
syl-(1—2)]-B-D-glucuronopyranosyl gypsogenin 28-p-D-glucopyranosyl-(1—3)-
[B-D-xylopyranosyl-(1—3)-B-D-xylopyranosyl-(1—4)]-a-Lrhamnopyranosyl-(1—2)-
B-D-fucopyranosyl ester

99  3-O-B-D-galactopyranosyl-(1—2)-[-D-xylopyranosyl-(1—3)]-B-D-glucuronopy- VI m 34
ranosyl gypsogenin 28-O-B-D-xylopyranosyl-(1—3)-p-D-xylopyranosyl-(1—4)-a-
L-rhamnopyranosyl-(1—2)-[(4-O-acetyl)-B-D-quinovopyranosyl-(1—4)]-B-D-
fucopyranosyl ester

100 gypsogenic acid 28-0O-B-D-glucopyranosyl-(1—3)-{6-O-[3-hydroxy-3-methylglutaryl]- ~ VI m 34
B-D-glucopyranosyl-(1—6)}-p-D-galactopyranosyl ester

101 3-{{O-o-L-arabinopyranosyl-(1—2)-O-[B-D-xylopyranosyl-(1—3)]-B-D-glucopy- VI n 37
ranuronosyl}oxy }-gypsogenin 28-{O-B-D-xylopyranosyl-(1—3)-O-B-D-xylopy-
ranosyl-(1—4)-O-a-L-rhamnopyranosyl-(1—2)-4-O-[(E)-4-methoxycinnamoyl]-
B-D-fucopyranosyl} ester

102 3-B-O-(B-D-galactopyranosyl)-(1—3)-p-D-glucopyranosyl gypsogenin 28-O-{p-D- VI n 38
glucopyranosyl-(1—3)-[B-D-xylopyranosyl-(1—4)]-a-L-rhamnopyranosyl-(1—2)-
[B-D-fucopyranosyl-(1—3)]-a-L-arabinopyranosyl ester}

103 junceosides C VI n 38

104  agrostemmoside A VI n 38

105  gypsogenin 28-O-[B-D-glucopyranosyl-(1—2)-f-D-galactopyranosyl-(1—3)]-[-D- VI n 38
glucopyranosyl-(1—6)]-p-D-galactopyranoside

106 (3P)-3-O-{B-D-galactopyranosyl-(1—2)-[B-D-xylopyranosyl-(1—3)]-B-D-glucopy- VI d 45
ranuronosyl} gypsogenin 28-{a-L-arabinopyranosyl-(1—3)-p-D-xylopyranosyl-
(1—-4)-a-L-rhamnopyranosyl-(1—2)-(3-0,4-O-diacetyl-p-D-fucopyranosyl) } ester

107  gypsogenic acid VII a 18,26-28

108  3B-hydroxyolean-12-en-23,28-dioic acid 28-O-[B-D-glucopyranosyl-(1—3)-8-D- VII i 42
glucopyranosyl-(1—2)][B-D-galactopyranosyl(1—6)]B-D-glucopyranoside

109  3pB-hydroxyolean-12-en-23,28-dioic acid 28-O-[B-D-glucopyranosyl-(1—2)-8-D- VII i 42
galactopyranosyl-(1—3)][B-D-glucopyranosyl(1—6)]B-D-galactopyranoside

110 gypsogenic acid 28-O-B-D-glucopyranosyl-(1—6)-p-D-glucopyranosyl-(1—6)-[p- VII e 32
D-glucopyranosyl-(1—3)]-B-D-glucopyranosyl ester

111 3-O-B-D-glucopyranosyl gypsogenic acid 28-0-a-D-galactopyranosyl-(1—6)-B-D- VII e 32
glucopyranosyl-(1—6)-[B-D-glucopyranosyl-(1—3)]-B-D-glucopyranosyl ester

112 (3PB)-3-O-(B-D-xylopyranosyl)-gypsogenic acid 28-{p-D-glucopyranosyl-(1—6)- VII d 45

[3-D-galactopyranosyl}ester
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113 (3B)-3-O-(B-D-xylopyranosyl)-gypsogenic acid 28-{B-D-xylopyranosyl-(1—2)-[3- VIL d 45

D-glucopyranosyl-(1—6)]-p-D-galactopyranosyl} ester

114 (3B)-3-O-(B-D-xylopyranosyl)-gypsogenic acid 28-{p-D-glucopyranosyl-(1—3)-[3-  VII d 45
D-glucopyranosyl-(1—6)]-p-D-galactopyranosl} ester

115 (3P)-3-O-{B-D-glucopyranosyl-(1—2)-B-D-galactopyranosyl-(1—2)-[3-D-glucopy- ~ VII d 45
ranosyl-(1—4)]-B-D-galactopyranosyl} gypsogenic acid

116 (3B)-3-0O-{B-D-glucopyranosyl-(1—2)-[B-D-xylopyranosyl-(1—3)]-pB-D-glucopy- VIL d 45
ranuronosyl} gypsogenic acid 28-{a-L-arabinopyranosyl-(1—4)-a-L-arabinopy-
ranosyl-(1—3)-B-D-xylopyranosyl-(1—4)-a-L-rhamnopyranosyl-(1—2)-[3-D-
quinovopyranosyl-(1—4)]-B-D-fucopyranosyl}ester

117  vaccaric acid, B-D-glucopyranosyl-(1—3)-[B-D-xylopyranosyl-(1—4)]-a-L-rhamno-  VIII a 23
pyranosyl-(1—2)-B-D-fucopyranosyl ester

118  segetalic acid 28-0-a-L-arabinopyranosyl-(1—4)-a-L-arabinopyranosyl-(1—3)-- IX a 25
D-xylopyranosyl-(1—4)-a-L-rhamnopyranosyl-(1—2)--D-fucopyranosyl ester

119  collinsogenin X a 18,27-28,40
120 hederagenin XI a 18,27-28
121  23-sulfate ester of hederagenin 28-O-B-D-glucopyranosyl-(1—2)-[pB-D-glucopyrano-  XII j 44
syl (1—6)]-B-D-glucopyranoside
122 3B-O-sulfate gypsogenin 28-O-B-D-glucopyranosyl ester X1 e 46
123 3B-O-sulfate gypsogenin X1 e 46
124 3-O-sulfoechinocystic acid 28-f-glucopyranosyl ester XIvV h 47
125  3B-O-sulfate quillaic acid X1V e 46
126 3pB-Osulfate oleanolic acid XV e 46
127  oleanolic acid XV a 18,27-28,40
128  3-O-sulfooleanolic acid 28-B-glucopyranosyl ester XV h 47
129  echinocystic acid XVI a 18,27-28
130  3-O-sulfoquillaic acid 28-B-glucopyranosyl ester XVI h 47
131  hederagenin-3-O-sulfate XVII a 18,28
132 3-keto,160-hydroxy, 24-noroleanolic acid 28-0-a-L-arabiopyranosyl-(1—4)-o-L- XVIII a 25

arabinopyranosyl-(1—3)-p-D-xylopyranosyl-(1—4)-a-L-rhamnopyranosyl-
(1—-2)-B-D-fucopyranosyl ester

133 hederagonic acid XIX a 18,28

134 (3B,40,200)-3,29-dihydroxy-16,23-dioxo-28-norolean-17-en-3-yl-O-B-D-galacto- XX n 37
pyranosyl-(1—2)-O-[B-D-galactopyranosyl-(1—4)]-B-D-glucopyranuronosidic acid

135  23-0-B-D-glucopyranosyl gypsogenic acid 28-O-B-D-glucopyranosyl-(1—3)-[3-D- 30
glucopyranosyl-(1—6)]-B-D-glucopyranoside

136 (3PB)-3-O-(sulfo)lup-20(29)-en-23,28-dioic acid 12

137 (3B)-3-O-(sulfo)lup-20(29)-en-23,28-dioic acid 28-O-B-D-glucopyranosyl ester 12

g-G pilulifera h-G. trichotoma i-G.capillaris -G bermejoi k-G perfoliata 1-G. arrostii m-G. bicolor n-G. paniculata o-G. altissima
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Fig. 5 Chemical structures of other compounds from plants in Gypsophila L.
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