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ABSTRACT: Pseudostellaria heterophylla is a dried root of the Pseudostellaria heterophylla (Miq.) Pax ex Pax et
Hoffm plant, the child ginseng. It has a sweet and slightly bitter taste, a mild nature, and can regulate the spleen
and lung meridians. It has the effects of tonifying qi, strengthening the spleen, generating fluids, and
moistening the lungs. It is commonly used for lung deficiency and dry cough caused by qi deficiency and fluid
injury. It has been approved by the National Health Commission for use in health food. Modern
pharmacological and clinical studies have shown that the characteristic chemical components of

polysaccharides and cyclic peptides in Pseudostellaria heterophylla have immunomodulatory, anti-inflammatory,
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and memory improving effects. In recent years, the review of the chemical composition, structure, and

pharmacological effects of Pseudostellaria heterophylla has been limited to the characteristic components, and

there have been few systematic reports on other components. Therefore, this article systematically reviewed the

research progress on the chemical composition and biological activity of Pseudostellaria heterophylla, in order

to provide reference and basis for the development and utilization of Pseudostellaria heterophylla.

KEY WORDS: Pseudostellaria heterophylla; chemical constituents; polysaccharides; cyclic peptides; biological

activities
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FEB4 AR 6 KT 2 Z W 4L T 43 Ry ¥ — Z2 Bl Al 38—
£ ¥%, PHP-A (1), PHP-BP!(2), H-1-2 (3). 0.2M-2-1%1 (4),
HPh-1-110 (9) 2 i % %5 0 21 B 9 2 — 2 8% . 0.2M-1-1
(5). H-2-1 (6). H-3-1 (7)F1 0.5M (8) &R &b & Hk 80 i 10
J—Z 8%, 0.5MSC-F (10) 9 — R 287 K2k
TN, WE S ARG, RS R
GEF N 3~10 M) HBHMIEEREGY . BATAKFS 05
1330 7 ASTE0E, {45 2 XSSk DP 3-1. DP3-2(4F
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IRBRR— RNy, R H 4~10 P EERR R
SR, TR RR, PR R A A BR PR 42,
OB R . DLRRARBE AL, W R FSRAE
ZWZEER . BT, NKRFS g3 s 19 ks
1644, Hrh heterophyllin A~H. T (11~19)3k 9 ME&4,
pseudostellarin A~H, K, L (20~29)3t 10 Mb&W1, 4
R S BRI A 2N 3R 2.

H AT R K FZ A — 2 A2 R R Al
IR ZJK, heterophyllin HI'Y (11), mmsEMRAHZRAH
Mo KFSHAMKb 5 ANEIEMAK, HirmEsag
heterophyllin J (12). pseudostellarin A (13)#/l pseudostellarin L
(14) 3 MBI,
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Table 1 Summary of polysaccharides from Pseudostellaria heterophylla

B Z WA R 4y FH/Da PR AT LYY 2 30k
1 PHP-A 3.2x10* Likarin o-WE T HE TSR R 722 [5]
2 PHP-B 4.6x10* N BB [5]
3 H-1-2 1.4x10* W Gle(1—-4)Gle(1—6)Gle(1—4,6)Gle(1— [6]
4 0.2M-2-1 1.42x10* Giikiakil Gle(1—4)Gle(1—6)Gle(1—4,6)Gle(1— [6]
5 0.2M-1-1 3.855x10* ik - [6]
6 H-2-1 1.495x10* ikt [6]
7 H-3-1 1.535x10* ki [6]
8 0.5M 5.545x10* 2 [6]
9 HPy 1 1.84x10* ikt [6]

BB, SEFLBE. B

x 4
10 0SMSCF A R SRR

—4)-a-D-GalpA-(1—4)-a-D GalpA6Me-(1—a-1-Rhap- (7]
(1—>a-1-Araf-(1—>5)-0-1-Araf (1—3,6)-a-D-Galp-(—

T -FoR TR
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Table 2 Summary of cyclopeptides from Pseudostellaria heterophylla
Fe s HEY xR HIERRIT S IR A kX rE SH
11 heterophyllin H 7N/ Cyclo[Tyr-Pro] Tyr:Pro=1:1 CisHigN,O; 2603 [10]
12 heterophyllinJ  PAFLK Cyclo[Ala-Gly-Pro-Val-Tyr] Ala:Gly:Pro:Val:Tyr=1:1:1:1:1  C,4H335Ns0¢  487.6 [11]
13 pseudostellarin A FFFK Cyclo[Gly-Pro-Tyr-Leu-Ala] Gly:Pro:Tyr:Leu:Ala=1:1:1:1:1 C,sH3sNsOs  501.6 [11]
14 pseudostellarin L ¥ FLAK Cyclo[Pro-Gly-Tyr-Phe-Val] Pro:Gly:Tyr:Phe:Val=1:1:1:1:1  C30H3;NsOs  563.7 [12]
15 heterophyllin D B2 VAYiI N Cyclo[Gly-Phe-Ile-Thr-Val-Phe] Gly:Phe:lle:Thr:Val=1:2:1:1:1  C35HssNeO;  664.8 [10,13]
16 heterophyllin F ¥75 Ak Cyclo[Ile-Ile-Leu-Leu-Leu-Gly] Ile:Leu:Gly=2:3:1 C3;HssNgOs  622.8 [10]
17 pseudostellarin K SRR Cyclo[Ile-Phe-Gly-Thr-Val-Phe] Ile:Phe:Gly:Thr:Val=1:2:1:1:1  C35HasNeO;  664.8 [14]
. C Cyclo[Thr-Pro-Val-Leu-Phe- Thr:Pro:Val:Leu:Phe:Gly=
18  heterophyllin A FF-EJk Gly-Leu] 11:12:1:1 CyHsN,Og  727.9 [14]
19 heterophyllin C ~ ¥A-EJK  Cyclo[Leu-Gly-Pro-Ile-Ile-Pro-Tle] Leu:Gly:Pro:Ile=1:1:2:3 C3;HqN,O;  703.9 [15]
20 heterophyllin G ¥-LJlk  Cyclo[Pro-Val-Ile-Phe-Gly-Tle-Thr] Pm:valil.lf, ﬂ“?ﬁlﬂhr: CyHs:N,O5 7279 [10]
21  pseudostellarin D ¥-E Ak Cyclo[Glyiizig]y—Pro—Leu— Gly:Tyr:Pro:Leu:Ile=2:1:1:2:1  C3¢HssN;,Og  713.9 [16]
. . Cyclo[Gly-Gly-Leu-Pro-Pro- T D DIl Y2
22 heterophyllin B B VAN Pro-Leu-Phe] Gly:Leu:Pro:Phe=2:2:3:1 C4HssNgOg  778.9 [14]
. - Cyclo[Gly-Ile-Gly-Gly-Gly TP P17
23 pseudostellarin B BZVAN/N -Pro-Pro-Phe] Gly:Ile:Pro:Phe=4:1:2:1 C33HyNgOg  682.8 [17]
. S . Cyclo[Gly-Thr-Leu-Pro-Ser- Gly:Thr:Leu:Pro:Ser:Phe=
24  pseudostellarin C  FF/\BK Pro-Phe-Leu] 1122:141 CyHeNgOyp 8129 [17]
25 pscudostellarin B B CYCllGY-GIy-TyrLewPro- o b o prosSer=2:1:2:2:1  CogHsNeO1o 7849 [13,18]
Pro-Leu-Ser]
. . Cyclo[Pro-Phe-Ser-Phe-Gly- Pro:Phe:Ser:Gly:Leu:Ala=
26 pseudostellarin G BZVAN/N Pro-Leu-Ala] 29:1:11:1 CpHs¢NgOy  816.9 [13]
. - Cyclo[Gly-Thr-Pro-Thr-Pro- DT D] 2971 -
27  pseudostellarin H ¥ /\JIK Leu-Phe-Phe] Gly:Thr:Pro:Leu:Phe=1:2:2:1:2 C4Ha N3Oy 861.0 [19]
. S . Cyclo[Gly-Pro-Pro-Leu-Gly- Gly:Pro:Leu:Val:Ile:Phe=
28  pseudostellarin E ¥ JUAK Pro-Val-Tle-Phe] 23111 CysHg/NoOy  878.1 [16,18]
. S Cyclo[Val-Tyr-Ala-Gly-Pro- Val: Tyr:Ala:Gly:Pro:Leu=
29 heterophyllinE ¥k Tyr-Leu-Ala-Gly-Pro] 129991 CyoHegN 101> 989.1 [10]
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A, FER TS0 H—A p-IR A h, A LA % (infrared spectroscopy, TR)FI“UR (L 3E-BTi
%M stellarine A (48), & MEMIASE R Rz L& 97a 5540 % (gas chromatography-mass spectrometry, GC-MS), MKF

Mawett. fea Py BLASS BSR4, 18 2. BRI OTRE T 2-H 50 55 12 ML A 9153 it
1.5 BEURS S, K TSHING R CO, WA BB AN (- %

KT SRR R R Jr et TR S th T MR L 4 R A,
AL R, EE AR R B B AR RIS BRI A Bk 5. 3.
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Table 3 Summary of glycosides from Pseudostellaria heterophylla

P ey (o= Vi S5 30k
30 acutifoliside D C4sH74040 970.5 [25]
31 pseudotellarinoside A Cs4Hg4O05 1132.5 [25]
32 a-spinasterol-$-D-glucopyranoside C;35Hs306 574.4 [26]
33 A 7-stigmasterol-3-O-$-D-glucoside C35Hg0O6 576.4 [27]
34 stigmast-7-en-3/-ol C,9H500 414.7 [27]
35 p-sitosterol C,9H;500 414.7 [25]
36 daucosterol C35Hg0O6 576.4 [27]
37 [-sitostery-3-O-f-D-glucoside-6’-palmitate Cs1Hg9O4 815.3 [27]
38 a-ethyl-D-galactopyranoside CsH,606 208.2 [28]
39 3-furanmethanol-a-D-galactopyranoside C1H04 260.2 [29]
40 iristectorigenin A Cy7H14,04 330.3 [27]
41 robinin C33H40010 740.7 [30]
42 polydatin C1H»,0s 390.4 [31]
43 thymidine C1oH14N2O5 2422 [29]
44 adenosine CioH3N;504 267.2 [29]
45 uridine CsH2N>Og 2442 [28]

Gl
30 RI=-GIcUA< Glz R2=H

Gl
31 RI=-GIoUAL Gli R2=Gle

K1 RFSFICTELEWETH
Fig.l1 Structures of aglycones and glycosides from Pseudostellaria heterophylla
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Table 4 Summary of alkaloids from Pseudostellaria heterophylla %
‘ P G fety (2
Fa=2 & b2 ArE .
ik 77 2-heptanol CHO 1162 [35]
46 isolumichrome CioHioN4O, 2422 [12] 78 furfuryl mercaptan CsHOS 1142 [35]
47  N-benzoyl-L-phenylalaninol C;¢H;;NO, 255.3 [12] 79 benzaldehyde C,HsO 106.0 [35]
48 stellarine A Ci4sHi N3O, 2533 [12] 80 3-octenol CsH6O 128.2 [35]
49 pseudosterin A CysHoN;Opp 547.5 [31] 81 6-methylhept-5-en-2-one CgHi, O 1262 [35]
50 pseudosterin B CyHpN,Og 4184 [31] 82 furfuryl acetate C;HgO;  140.1 [35]
51 pseudosterin C CyHaN30; 4174 [31] 83 1,8-cedrol CoHisO 1543 [35]
52 caffeine CioHi2N,O, 1922 [29] 84 Linalool CioHi3sO 1543 [35]
85 2-bornanone Cio)HisO 152.2 [35]
. R 86 citral CioHisO 1522 [35]
N N 87 geosmin C,H»,O 1823 [35]
_ 88 cyclohex-2-en-1-yl benzoate C;;H;0, 202.2 [35]
NH, _ A
48 89 (propz—ln—leer:}—l?—);};)éhenol CioHiO;  164.2 (331

53

o)\ o) H O o S 0 O 0
| ™ OF° NP0 U
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X OH
\/YYHI o lN/ AO—< O/X©)<
B2 KTBEMWIAE ML H
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Fig.2 Structures of alkaloids from Pseudostellaria heterophylla
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Table S5 Summary of volatile components from Y 7 73 74 75
Pseudostellaria heterophylla o HO o % OH
= Y\/\/ YW @/\SH H S o~
g o 3%
=2 sl sl v 76 7 78 79 80
SCHk v, JOH
53 pyrrole CH:N  67.1  [34] )\/\j\ W [
) ic aci > o |
54  1-methylpropyl ester acetic acid C¢H,0, 116.2 [34]
55 cthylmethylpentane CeHis 1142 [34] . 8 8 o 8 o
56 diisobutylether C:HiO 1302 [34] dij @ OI)\/\
N NN B (6] H,C Z
57 furfural CsH40, 96.1 [32-35] OH} :
58 2,3-butanediol CiHpO: 901 [34] 86 87" 88 89
59 furanmethanol CsHsO, 98.1 [32-35] K 3 KFZHEEAS WS
60 butyrolactone C4HsO, 86.1 [34] Fig.3  Structures of volatile components from
61 2,5-pyrrolidinedione CHsNO,  99.1 [34] Pseudostellaria heterophylla
62 3-ethyl-3-methylheptane CioHz 1423 [34] » .
63 5-methyl-2-furancarboxaldehyde C¢HsO,  110.1 [34] 1.6 ﬁ*ﬂ@ﬁ&ﬁﬂ'ﬂi%
64 2-propyl-furan CiHoO 1102 [34] KT B AT I UM E AT | W
65 2,4-dimethyl-heptane CoH. 128.3 34 s NN L 2
" eyt her o a5 T
13726 ‘ — 5 % S 7 /N > YIS
67 3-pyridinecarboxylic acid C¢HsNO, 123.1 [34] TR | BRI . BRI T 3 RN R A LRI A
68 thymol CioHuO 1502  [34] Y1, =AERIER EHMES ./ \BRER . - DURRER SR B2 AL
69 vanillin CHO, 1522 (341 HuP Lapi RSB RGARE 6, 1 4.
70 butylated hydroxytoluene CisHsO 2204 [34] |:. .
1.7 WEBEERR S
71 3-hydroxy-4- CsHsO;, 1682  [34]
1 1 stigtla : N N S, o . .
methoxybenzoic acid WA M EHE P B S ST RE | L PRI e M e
72 2-benzothiazolone C,HsNOS 151.2 [34] *ﬂﬁ%ﬁuﬂ‘é%ﬁﬁkﬁ%ﬁ%f’ﬁﬁﬁ j(?i'/% E‘@iﬂﬁ{ﬁ\ﬁé@ﬂﬂ
73 anthracene C4Hyo 178.2 [34] N N . N o N §
H &k i B 3 %)
74 fluoranthene CisHio 2023 [34] 33 f’ - i E%ﬂﬁ};ﬁﬁﬁﬂi@ﬁfﬂ;ﬁﬁ - Wi %Hfh ;7 W
75 pyrene CieHyy 2023 [34] U . Belems . WElShE L B B e w2 A b7, b
76 2-heptanone CH,O 1142 [35] Py BARSS B AEs i 7. 18 5.
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Table 6 Summary of organic acids and their derivates from

Pseudostellaria heterophylla

Fes HEY e i K
90 dihydroferulic acid CioH 1,04 196.2 [25,34]
91 ferulic acid CioH004 194.2 [25]
92 methyl ferulate CiHi,04  208.2 [25]
93 methyl dihydroferulate C11H 14,04 210.2 [31]
94 dimethyl phthalate CioH100s 1942 [25]
95 dibutyl phthalate CiH»04 2784 [25]
96 succinic acid C4HsO,4 118.1 [29]
97 salicylic acid C;Hs0; 138.1 [31]
98  pyrrole-2-carboxylic acid CsHsNO,  111.1 [26]
99 3-furancarboxylic acid CsH,40; 112.1 [25]

3-fumuyl pyrrole-2-

100 CioHNO; 1912 [34]

carboxylate
101 benzoic acid C;He0, 122.1 [31]
102 octadecatrinoic acid C16Hy60, 250.4 [16]
103 linolenic acid C5H300, 278.4 [16]
104 palmitic acid CigH30, 2564 [27]
105 linoleic acid Ci3H3,0, 280.5 [27]
106 stearic acid Ci3H360, 284.5 [27]
107 tetracosanoic acid Cy4Hy30, 368.7 [27]
108 tripalmitin Cs1HosOs  807.3 [27]

H;COD/\/COOH Hi(i%j\/
HO
90

HO o1 HO

§?’ oI

93
o
COOCH 0

3 o Ho\n/\)l\OH OH
COOCH, G o @COOH
1 94 Oos 97

9%,
N COOH
COOH = %—COOH
- 5 Sans o1
98 99 100 101
F X F
103

o COOH COOH
102
COOH PP COOH
104 105
COOH 0
106
%Q/\/\/\/\/\/\/\
00 107
COOH

108

K4 KTSAPIREHAT ARG YIS
Fig.4 Structures of organic acids and their derivates from
Pseudostellaria heterophylla
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Table 7 Summary of phospholipids from Pseudostellaria

(COOHH,CO____ coocH, HCO —_ coocH,

heterophylla
F5 lazg?| 225 30k
109 phosphatidylcholine [38]
110 phosphatidyl glycerol [38]
111 phosphatidylinositol [38]
112 phosphatidyl ethanolamine [38]
113 phosphatidylserine [38]
114 phosphatidic acid [38]

(0] [¢]
(0] OH

0
R)]\o/\i/\o_—;'l—o \/—+~— R)J\g/\i/\o_—dia'—o \)\/OH
YO

R' R'

109 R,R' =fatty acid residues 110 R,R" =fatty acid residues
0 o o [¢]
OH 1]
R)J\o/\/\o_{,'_o HO R)]\o/\./\o_—1>—O—CHZCHZNH2
5 ¢ Ho OH 05
oy o Y
R' R'
111 R,R' =fatty acid residues 112 R,R" =fatty acid residues
o o
)]\ [¢] NH, [¢]
I < 1]
RNOTN"N0—p-0 R”NO7N"N0-p-0H
: P™ ~"coon : v
° N
R’ R

113 R,R' =fatty acid residues 114 R,R' =fatty acid residues

K5 KTSBIERMLGYEH
Fig.5 Structures of phospholipids from Pseudostellaria heterophylla
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Ko BHATC KM HAEERR . RITEAER . F4RE 18 i
P 28 R AR 2 11 R -2 0 TR (kA R
REEF WLIEL 6 A BT WSO TSI | Rl 1 A - FRL IR 5
FEH T WL ERIE K FZHH Mg, Ca. Mn FiE
JeEP,

Br bk B4y 4, K F 2 ik 4y B 15 B 40 45
S-hydroxypropiovanillone , i/ JEFEMRE | T /A DEFEEE LR |
ARBEZE . P-PIEE-3-F i &5 R EMSHREENT
AEPREPERLST . AP HARSE ) ILIE 6.

3 XTEHEER

KYFZHEF GG, Gfial. o
L SPERTT . PURABGEEICILAE, XS 2y PR S LT
GEI/SNEZ NI SR ) W T (PR

3.1 mEHIER

HRFHRFSRBYELLIT 3 A HHTEH
SAALTEPENOL (1) el ELEEEBR A 3R 1, 1- R 2- A3
F#WE(1,1-diphenyl-2-picrylhydrazyl, DPPH) . 0% . -OH 4; (2)
RIS S B (catalase, CAT)., HE ALY L EE (superoxide
dismutase, SOD)FI4 M H ki AL (glutathione peroxidase,
GSH-PX) 45 Bt 460 1k B 19 78 4, [ MIK 2L R 4 1k i (lactate
oxidase, LOX)TiPE; (3)82 & A 4n Ma 16 P A2 # sg 44k, 18
THABLEA RS

RFSMPUAAMER SIS B AH K, R
R BUKF S ) 2 B AL A AR T BH M X
frrEE C, XA KT BT 0 R Z T E A LT M
YU BRI, KT A AT I AT LA AR B
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NH o} OH O o (o} 1) o
)J\N /\/\HJ\OH /'\)J\OH HO )J\/\HJ\OH M HO OH
H H H
NH, NH, NH, NH,

115 arginine 116 threonine

117 glutamic acid

118 proline 119 serine

o O
o) HO
\)k o) h (o) S
-
HN OH HO Hw - o OH
NH, H NH,

NH,
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