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Abstract: Natural compounds with structural similarities to endogenous hormones, such as
alkaloids, coumestans, flavonoids, lignans, saponins, and stilbenes, have been recognized
increasingly for their potential in preventing and treating endocrine disorders related to steroid
hormones. Panax notoginseng (Burk.)) F. H. Chen, a member of the Araliaceae family and
commonly known as Sangi or Tiangi, is a valuable herbal medicine used to treat various diseases.
The majority of saponins (ginsenosides) found in Panax notoginseng belongs to the dammarane
triterpenoid group, exhibiting beneficial biological effects, including the treatment of cardiovascular
diseases, pain, inflammation, and injuries, as well as internal and external bleeding caused by injury.
The aglycone portion of ginsenosides possesses a steroid-like hydrophobic four-ring structure,
similar to steroid hormones. Recent studies have indicated that the Panax notoginseng ginsenoside
saponins (PNS) have steroid hormone-like activities, bringing the potential for endocrine disorders
treatment. Thus, this review aims to provide the chemical structure and steroid hormone-regulating
effects of ginsenoside saponins in Panax notoginseng.
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Tac dung diéu hoa hormon steroid ctia cac saponin ginsenosid
trong tam that (Panax notoginseng)
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Tém tit: Cac hoat chat c6 ngudn gdc tir thién nhién ¢é ciu tric tvong ty nhu hormon ndi sinh nhur
alkaloid, coumestan, flavonoid, lignan, saponin, stilben,... dang ngay cang dugc quan tim trong
viéc ngin ngira va diéu tri r6i loan ndi tiét t6 lién quan téi hormon steroid. Tam that Panax
notoglnseng (Burk.) F. H. Chen, ho nhén sam (Araliaceae) 1a mot trong nhiing thao dugc quy, dung
lam thudc dé diéu tri nhiéu bénh 1y khac nhau. Phan 16n cac saponin trong tam that (ginsenosid) la
c4c triterpen thudc nhém dammaran, c6 nhiéu tic dung sinh hoc tét nhu diéu tri cac bénh vé tim
mach, dau nhirc, viém nhiém va chén thwong ciing nhu chay mau bén trong va bén ngoai do chan
thuong. Khung céu trac phan aglycon cua céc ginsenosid co cdu triic bén vong steroid ky nude
tuong ty nhu cac hormon steroid. Cac nghién ctru gan dy cho thiy cac hoat chét saponin ginsenosid
trong tam thét hoat dong gidng nhu cac hormon steroid ¢¢ loi trong viéc diéu trj r6i loan noi tiét. Do
d6, muc dich bai tdng quan nay nham cung cAp vé cdu trac hoa hoc va tac dung diéu hoa hormon

steroid ciia saponin ginsenosid trong tam that.

Tir khéa: Panax notoginseng, saponin, hormon steroid, ginsenosid, tic dung giéng hormon.

1. Mé dau

Hormon steroid déng vai trd quan trong
trong viéc kiém soat su phat trién vé thé chat va
cam xuc, phan biét gidi tinh, sinh san, chic nang
mién dich, téng hop protein va trao (101 chat [1].
Nghlen clru lam sang cho thay su mat can bang
noi tiét t6 s& tac dong truc tiép hodc gian tiép dan
dén su xuit hién cta nhidu bénh vé sinh ly va
tam ly [2, 3]. Véi su 6 nhiém mdi trudng va ap
lue x@ hoi ngay cang tang, r0i loan hé thong noi
tiét ciing dién bién phirc tap va nghiém trong hon
[4, 5]. Nhidu bénh do mét can bang noi tiét tb da
duoc diéu tri b@fmg hormon téng hop, tuy nhién,
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viée sur dung cac loai thudc nhan tao nay kéo dai
¢6 thé dan dén cac tac dung khong mong mudn
nghiém trong [6, 7]. Do d6, dé giam chi phi diéu
tri va tac dung khong mong mudn, rat nhiéu cac
nha khoa hoc dang hudng t6i viéc str dung thude
Y hoc ¢b truyén. Dic biét 1a cic san phim co
ngudn gbc tir thao duoc twong tu nhu hormon
tong hop duoc nghién ctru dé ngin ngira rbi loan
noi tiét va diéu tri bénh [8-12].

Cac ginsenosid la cac saponin c6 trong tam
that Panax notoginseng (Burk.) F. H. Chen dong
vai tro tac dung sinh hoc chinh, mang lai nhidu
tac dung quy nhu chéng thiéu mau cuc bd mach
méu nio, chong loan nhip tim, gidn mach mau,
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céi thién luu lugng va tuan hoan mau, e ché két
tap tiéu cau va huyét khoi, cdm mau, lam lanh
vét thuong, chdng viém va chong xo vita dong
mach [13-15]. Tuy nhién, gan day cac nha khoa
hoc da nhan thiy cac ginsenosid co cau tric
khung 4 vong steroid ky nudc tuong tuy nhu cac
hormon steroid [16]. Do vay, cac nghién ctru da
ching minh cac ginsenosid 1a chat chi van cia
céc thy thé estrogen va androgen [17-20], c6 tac
dung twong tu nhu hormon va c6 ich dbi véi cac

CH

CH,

bénh rdi loan chuyén hoa c6 lién quan t6i
hormon steroid nhu estrogen hodc androgen va
diéu chinh nong d6 hormon lién quan, ngoai ra
nd con lam giam ndng do corticosteron trong
mau trén nhirng dong vat bi stress [20, 21].

Bai viét duoc thuc hién voi muc tiéu tong
quan vé ciu trac hoa hoc va tac dung diéu hoa
hormon steroid cua saponin ginsenosid trong
tam that.

R o, Protopanaxadiol "Qc "'CH3:E>R1 Protopanaxatriol
Nhém Ginsenosid R1 R2
Protapanaiadiol Ginsenosid Rb1 Glu (122) Glu-  Glu (1>6) Glu-
Ginsenosid Rd Glu (1>2) Glu- Glu-
Notoginsenosid R1  Xvl (1>2) Glu- Glu-
Protopanaxatriol Ginsenosid Rg1 Glu- Glu-
Ginsenosid Re Rha (1>2) Glu- Glu-

Glu, b-D-glucopyranosyl; Xyl, b-D-xylopyranosyl; Rha, a-L-rhamnopyranosyl

Hinh 1. Céu trac hoa hoc clia cac saponin ginsenosid chinh trong tam that.

2. Twong quan vé ciu tric héa hoc cia
saponin ginsenosid trong tam that va hormon
steroid

2.1. Céau tric héa hoc cua cdc saponin
ginsenosid trong tam that

Thanh phan hoa hoc chinh trong cay tam that
la cac saponin véi hon 100 loai saponin khac
nhau dugc phan 1ap va xéac dinh cu trac thudce
ba nhém gdm c6: ginsenosid, notoginsenosid va
gypenosid. Phan 16n cac saponin trong cay tam
that 1a cac ginsenosid, triterpen thuéc nhom
dammaran véi phan aglycon 1a  20(S)-
protopanaxadiol (nhém Rb) hodc 20(S)-
protopanaxatriol (nhém Rg). Tuy nhién, trong
tam that khong c6 saponin nao thudc nhém acid

oleanolic (nhém Ro), ddy la mot khac biét 16n so
vdi cay Panax ginseng C. A. Meyer va Panax
quinguefolius L. [22]. Nam loai saponin chinh
trong tam that 1a notoginsenosid R1 (7 - 10%),
ginsenosid Rb1 (30 - 36%), Rgl (20 - 40%), Rd
(5 - 8,4%) va Re (3,9 - 6%) chiém t6i khoang
90% tong sb saponin trong tam that. Trong sb do,
ba saponin ginsenosid Rb1, ginsenosid Rgl va
notoginsenosid R1 1a thanh phan c6 tac dung
chinh trong tam thét va duoc chon lam hop chét
tiéu chuan dé danh gia chat lugng tam that [23].

Céu triic hoa hoc co ban cua cac ginsenosid
bao gdm mot cAu triic bon vong steroid ky nudc
[24] va cac carbohydrat khac nhau (glucose
[glc], rhamnose [rha], xylose [xyl], va arabinose
[ara]) dugc gdn vao vi tri carbon-3 (C3), carbon-
6 (C6) va carbon-20 (C20) (Hinh 1) [25-27].
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2.2. Cau tric hoa hoc va con duong chuyén hoa
cua hormon steroid

Hormon steroid 1a cac phan tu lipid dugc
hinh thanh tir cholesterol. Hormon steroid chia
thanh 4 nhém chinh 1a progestin, androgen,
estrogen va corticoid [28, 29]. Hormon steroid
va tién chat cta chung dugc tong hop va chuyén
hoéa chu yéu ¢ tuyén thuong théan, tuyen sinh duc
ciia nam va nit [30]. Khung cdu trac 15i cua
hormon steroid (Hinh 2) thuong bao gdom 17
nguyén tir carbon, lién két thanh 4 vong: ba vong
cyclohexan (vong A, B va C) va mt vong
cyclopentan (vong D) [31]. Steroid khac nhau vé
nhom chirc gan vai 161 bon vong niy va oxy hoa
clia cac vong. Qua trinh sinh tong hop hormon
steroid bat dau voi cholesterol 1a nguyén lidu ban
dau [32, 33]. Pau tién, cholesterol lipoprotein ty
trong cao trong mau dugc dwa vao té bao chat va
van chuyén dén mang trong ty the thong qua hoat
dong cua protein didu hoa cap tinh san xuat
steroid (StAR), enzyme phan tich chudi bén

cholesterol va cac enzyme khac. Sau do,
CYP21B
(21-hydroxylase)
HO Cholesterol BEL
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34-hydroxysteron duoc tong hop va cac hormon
steroid khac nhau dugc sinh tong hop thong qua
3p-hydroxysteroid dehydrogenase, 17a-hydroxylase,
21-hydroxylase va 11-hydroxylase. Tét ca cac
enzyme  ngoai  tro  3p-hydroxysteroid
dehydrogenase déu 1a enzyme cytochrome P450.
11p-Hydroxylase, 18-hydroxylase va 18-
dehydrogenase, 1 budc cudi cting trong hé thong
téng hop aldosteron (Hinh 3) [34].

Hinh 2. Khung céu triic hoa hoc co ban
cua hormon steroid.

CYP11B1 CYP11B2
(118-hydroxylase) (18-hydroxylase) H CH20H
(11-hydroxylase) o:(':fl:=°
HO
?HZOH CH20H
c=0 C (o]
o
Aldosterone
H CHzOH
Corticosterone 0= cC o
HO <*OH
CH20H CH,0H
1 1 2 A/
CcC=0 CcC=0
:OH HO :OH 18-OXO cortisol
S HSD11B
\ clzuzon
Cortisol c=0

SRD5A1,2

e

Cortisone
\kk o
OH

Tesloslelone

H Sa-DHT

(aromatase) 1

o

—_

HO Estrone HO

OH

s

Sa-Androstane-33,17B-diol

HO

Estradiol

Hinh 3. Céu trac héa hoc va con dudng chuyén hod cua cac hormon steroid [34].
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2.3. Su twong dong vé cdu tric héa hoc giita
saponin ginsenosid va hormon steroid

Vé co ban ciu trac hoa hoc ciia ginsenosid
(c&c protopanaxadiol va protopanaxatriol) va
hormon déu c6 chung mét khung co ban 17
carbon (Hinh  4). Cac  ginsenosid
protopanaxadiol va protopanaxatriol c6 4 vong
ky nudc lién két gidng steroid va chudi bén C17
cia ginsenosid c¢6 cdu triic twong ty nhu
cholesterol [35, 36]. Hon nita, hau hét cac
hormon steroid déu c6 nhom methyl gin & vi tri
C10 hodc C13. Twong ty, cdu tric cua mot
saponin ginsenosid bao gdm mot nira sapogenin
va mot hodc hai don vi va/hodc chudi glycosyl,

va sapogenin c6 ciing nhom methyl gan & vi tri
C10 giéng nhu hormon. Ngoai ra, steroid da gom
¢6 it nhat mot nhom hydroxy (-OH), ceton (=O)
hodc metyl (-CH3) tai céc vi tri carbon khac nhau
(thuong 1a C3, 11, 17, 20 va 21) [37], con chu
tric cac saponin ginsenosid that c6 genin chira
hydroxyl (-OH) hoac methyl (-CH3) hoac lién
két d6i & mot s vi tri carbon (thuong C17, 23,

24 va 25), va nhém glycosyl (Glc, Xyl, rha,...) &
C3, 6, 20 [38]. Nhu vay, xét vé cau trac phén tir,

cac ginsenosid tuong tu nhu hormon steroid, va
diéu nay s& cung cap co sd cau trac vimg chic cho
tac dyng giong nhu hormon cua cac ginsenosid
trong tam tht.

Ginsenosid

Testosterone
Hormone steroid

Estradiol

Hinh 4. Cu trac hoa hoc ctia cac ginsenosid va hormon steroid.
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Do su tuong dong giira cdu triic héa hoc cia
saponin ginsenosid va hormon steroid, cac
ginsenosid dugc chung minh la c¢6 hoat tinh sinh
hoc thong qua lién két v6i cac thu thé hat nhan,
diéu nay giup chung tré thanh nhimg tng cur vién
day trién vong cho cac tmg dung dugc phim va
dinh dudng trong phong ngura va diéu tri hoi
ching chuyén héa co lién quan tdi hormon
steroid [39-42].

Dich phéan tir clia cac ginsenosid c6 thé &
mang t& bao hodc bén trong té bao, tiy thudc vao
tinh ky nudc cua ginsenosid. Cac ginsenosid ky
nude c6 thé di qua mang té bao bang cach khuéch
tan don gian va diéu chinh cac chirc ning té bao
bang cach lién két voi cac protein dich ndi bao
cu thé trong té bao chét va nhan [43]. Con duong
sinh hoc cua hoat dong ginsenosid lién quan dén
lién két véi cac receptor lién quan voi mang dé
bat dau sy kich hoat ciia dong phosphoryl hoa va
tao ra tin hiéu thir hai. Ginsenosid kich hoat con

dudng gen bang cach ban dau lién két véi cac thy
thé hormon nhan ndi bao, ché“ing han nhu thy thé
glucocorticoid, thu thé progesteron, thu thé
androgen, thu thé mineralocorticoid, thu thé
estrogen, thu thé kich hoat chét tang sinh
peroxisome va thy thé X & gan [17, 44-53].

3. Co ché diéu hoa hormon steroid cua
saponin ginsenosid trong tam that

Nhiéu nghién ctru di chi ra ring con duong
dich phan tir cta cac ginsenosid c6 tac dung lén
céc hormon steroid bang cach lién két hoic kich
hoat nhan ndi bao, cytosol hoac cac receptor
hormon mang té bao, ching han nhu thy thé
estrogen, androgen va glucocorticoid (Bang 1)
truc tiép hodc gian tiép va sau d6 diéu chinh nong
d6 hormon lién quan [48-50, 54, 55].

Bang 1. Mot sb chat chil van saponin ginsenosid va thu thé ctia n6 [16]

Ginsenosid

Thu thé nhan

Hormon steroid

Ginsenosid Rbl, Rgl, Rhl va
notoginsenosid Ft1, R1

Estrogen receptor

Céc estrogen (estradiol)

Ginsenosid Re va Rgl

Glucocorticoid receptor

Céc glucocorticoid (corticosteron)

Ginsenosid Rb1 va Rg3

Androgen receptor

Céc androgen (testosteron)

Saponin ginsenosid diéu chinh su can biang
néng d6 hormon bang con duong khong di
truyén cua cac phén tir tin hiéu noi bao [18, 56].
Mit khéc, cac ginsenosid ciing ¢ thé kich hoat
biéu hién cac enzyme invertase co lién quan nhu
enzyme chng oxy hoa noi sinh bang diéu hoa
cac protein hodc gen muyc ti€u ndi bao [57-60].
Trong nhiéu truong hop, ginsenosid co thé trao
d6i chéo bang nhiéu tin hiéu con duong cung mot
luc, tr mirc 46 enzyme, mirc d¢ protein dén mtrc
d6 gen, truc tiép hodc gian tiép dong vai trd quan
trong trong viéc ngin ngira va diéu tri cac bénh
do r6i loan noi tiét t6 [61].

Thu thé estrogen (ER)

Cac hoat tinh estrogen ctia ginsenosid Rbl
(Hinh 5) dugc dac trung boi mot xét nghiém
chuyén doan tam thoi sir dung hai dang dong
phan ER va plasmid luciferase dap ung vai
estrogen trong té bao than khi. Ginsenosid Rbl

gdy ra luciferase hoat dong phu thudc vao lidu
dung. Hon nira, viéc kich hoat ctia ginsenosid
Rbl bi wc ché boi chat dbi khang ER ICI
182.780, diéu nay cho thdy ring hiéu tng nay
dugc trung gian boi ER [62]. Ginsenosid Rhl
(Hinh 4) ciing dugc chimg minh 1a tao ra cac gen
dap (mg véi estrogen trong té bao MCF-7, mic
du tac dung cua no khong ndi bat nhu 17p-
estradiol [63]. Ginsenosid Rglcling cho thay
hoat dong nhu mot chét tuong tu estrogen bang
cach kich hoat thy thé estrogen [64]. M6t vi du
khac vé hoat tinh estrogen cta ginsenosid Rgl,
trong nghién ctru in vitro, sy e ché hoat dong
ER d4 loai bé sAPP « (soluble amyloid precursor
protein-a) dugc kich hoat bdi ginsenosid Rgl,
tang hoat dong a-secretase, va kich hoat tin hiéu
ERK (extracellular signal - regulated kinase) va
Akt (protein kinase B). La m¢t ginsenosid mai
dugc phan lap tr tam that, notoginsenosid R1
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(Hinh 4) hoat dong nhu phytoestrogen va dugc
lién két chit ché véi viée kich hoat ER [65].

Thu thé glucocorticoid (GR)

Ginsenosid Rgl (Hinh 6) c6 kha nang lién
két voi cac thu thé hormon steroid ndi bao va cé
thé gy ra tic dung giébng nhu glucocorticoid
[66]. La mot phdi tir chic ning cia GR,
ginsenosid Rgl didu chinh cac hoat dong GR va
kich thich cac té bao ndi mé gay ra tac dung
khong phién ma cua oxit nitric (NO). Ginsenosid
Rgl da dugc chimg minh la c6 kha nang ngan
chin qua trinh chét theo chuong trinh do Ab25-
35, it nhét 1a bang hai con dudng phosphoryl hoa
phu thuéc GR. Piéu tri véi ginsenosid Rgl liéu
10-40 mg/kg lam giam dang ké ty 1¢ tir vong cao

do udng rugu ciing nhu giam nhe suy gan do
giam cac thong sd huyét thanh trén md hinh gay
ton thuong gan bang ethanol. Phan tich mo hoc
va cAu tric vi thé cho thdy céc té bao gan bi ton
thuong do rugu da dugc phuc hoi khi dicu trj voi
ginsenosid Rgl [67]. Cac két qua nghién ciru
trén chi ra rang ginsenosid Rgl c6 hi¢u qua didu
tri trén nhiéu bénh thong qua GR. Mdt nghién
ctru khac chi ra rang ginsenosid Rgl c6 thé lam
giam chimg rdi loan chtrc nang lién két khe do
corticosteron gay ra, c6 thé c6 ¥ nghia lam sang
trong diéu tri tram cam [68]. Ngoai ra,
ginsenosid Re (Hinh 6) cling dugc coi 1la mot
phéi tir chirc ning cia GR béng cach sir dung xét
nghiém lién két phéi tir canh tranh [69].

idi

17p-estradiol

uo\[ A (\ i

""‘&hu

11&4

/suﬁ.f

PR
[N

oy
o

Or

Notoginsenosid R1

. s
o geeg oM = i i
ol N T‘
{ 3O
e l‘;,{“?\ T - ’
(1T J_,L
*u{li - _ /7 o
i Ginsenosid Rh1

Ginsenosid Rgl Notoginsenosid Ftl

Hinh 5. Khoang ky nudc ctia thu thé estrogen (trai) va cac phdi tir tw nhién/saponin ginsenosid
tuong ung cua no6 (phai) [16].

Ginsenosid Rg1

Ginsenosid Re

Hinh 6. Khoang ky nudc ctia thy thé glucocorticoid (trai) va cac phdi tir tyr nhién/saponin ginsenosid
tuong Ung cia n6 (phai) [16].
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Thu thé Androgen (AR)

Thuy thé androgen c6 thé duoc kich hoat boi
androgen ndi sinh (ching han nhu testosteron,
Hinh 7) va sau d6 lién két véi trinh ty DNA anh
hudng dén qué trinh phién ma cta cac gen dap
ung androgen. Cac ginsenosid dugc phan lap tir
nhan sam co thé gay ra tac dung bao vé bang
cach kiém soat sy tang sinh té bao & mot sb bénh
ung thu lién quan dén hormon androgen.
Ginsenosid 20 (S)-Rg3 cho thay tac dung chong
khéi u trong dong t& bao LNCap

gay ra tc ché hoat dong AR [70]. Hon nira,
ginsenosid Rb1 d dugc chimg minh 1a thuc day
san xuat NO & cic té bao ndi md trong dong
mach chu ctia nguoi thong qua AR [71]. Trong
nhitng nam g?m day, mot hoat chét tu nhién méi
20(S)-25-metoxyl-dammaran-3p, 1283, 20-triol
(25-OCH3-PPD) dugc phén 1ap tir tam that. Dir
lidu nghién ctru tién 1am sang cho thay 25-
OCH3-PPD la mot chit tiém ning ngan chin ca
ung thu tuyén tién liét phu thudc androgen va
khong phu thugc androgen [52].

Ginsenosid Rb1

Ginsenosid Rg3

Hinh 7. Khoang ky nudc cta thy thé androgen (trai) va cac phdi tir ty nhién/saponin ginsenosid
tuong Gng ctia nd (phai) [16].

4. Mot s6 nghién ciru danh gia tic dung diéu
hoa hormon steroid cia saponin ginsenosid
trong tam that

Ndng d6 hormone steroid trong mau thudng
dugc dinh luong bang phuong phap xét nghiém
mién dich phong xa nhu xét nghiém mién dich
hép thu lién két véi enzyme (ELISA) hodc séc ky
khoi pho nhu sic ky khi ghép ndi kho (GC-MS)
hay sic ky long ghép ndi hai lan khéi phd
(LC-MS/MS) [72, 73].

Cac androgen c6 tac dung kich thich hoac
kiém soat sy phat trién va duy tri cac dic tinh
nam & dong vat co xuong sdng bang cach lién
két v6i cac thu thé androgen. Testosteron la
androgen chinh va duoc biét dén nhiéu nhét [74].
Ginsenosid Rgl cho thay tac dung cai thién tot

ndng d6 hormon testosteron trong mau. Trén doi
tugng chudt nhat duc, ginsenosid Rgl lam tang
dang ké tan suat gan va ddy ving chiu cling nhu
s6 lan tham nhap, cai thién hanh vi giao phéi cta
chudt duc va diéu nay co thé 1a do hoat dong cta
no6 trong viéc lam cai thién n6ng d0 testosterone
trong mau va duong dan truyén tin higu trong thé
hang thong qua con duong NO/cGMP (cyclic
guanosin monophosphat) [75]. Ginsenosid Rgl
da cai thién sé lugng va kha ning di chuyén cua
tinh trung, giam ton thurong mo tinh hoan, ting
ndng do testosterone va hormone tao hoang thé
trong huyét thanh, dong thoi giam nong do
hormone kich thich nang trimg trong huyét thanh
& chudt nhat b tén thuong chlrc nang sinh san
gdy ra boi dinbutyl phthalat. Co ché 1a do
ginsenosid Rgl diéu hoa biéu hién mirc protein
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lien quan dén qua trinh sinh tinh, Cx43,
E-cadherin, p-PI3K (phosphatidylinositol 3-
kinase), p-Akt vd mTOR (mammalian target of
rapamycin) ¢ chudt dugc quan sat bang cach si
dung xét nghiém hoéa md mién dich, xét nghiém
PCR (polymerase chain reaction) dinh lugng
thoi gian thyc va phan tich Western blot [76].
Ngoai ra, tac dung cai thién mao tinh hoan, tinh
hoan, s6 luong va kha nang di chuyen cua tinh
tring va ndng do testosteron huyét thanh cua
ginsenosid Rgl ciing da duoc bao cao trén ddi
tugng chudt cong bi vo sinh gy ra boi ethanol
[77]. M6t nghién ctru khac cho thiy anh huong
cua cac ginsenosid Rgl, Re, Rbl, Rc, Rb2 va Rd
trén d6i tuong phu nit khoé manh, cac ginsenosid
nay lam ting dang ké ndng do testosterone trong
nudc bot & nhom phu nit tré, nhung chi ting nhe
6 nhéom 16n tudi. Tuy nhién, ndng do
dehydroepiandrosteron (DHEA) ¢ phu nit 16n
tudi cho thay sy gia tang rd rét va dang ké.
Nhirng két qua nay cho thiy vai trd tlem nang
ciia ginsenosid trong viéc didu hoa ndng do
androgen trong nudc bot va tac dung do c6 thé
nhan thay rd rang hon & phu nit 16n tudi khi ndng
d6 androgen bat dau giam [78].

Cac hormon sinh duc nit bao gom cac
estrogen dugc san xudt tir budng trimg trong co
thé. Trén dbi tuong chudt nhét bi cit bo buéng
trung, ginsenosid Rb1 va estradiol da cai thién
noéng do 5-hydroxytryptamin, tryptophan tich
lily va giam hoat dong cua monoamineoxidase

trong ndo chudt [79]. Ginsenosid Rg3 cling da
dugc bao cdo o vai tro cai thién apoptosis cua
té bao ndi mac tr cung ngoai, giam nong do
estradiol huyét thanh, khéi lugng va chiéu cao
clia ton thu:ong ndi mac t cung trén chuot cong
bi lac n6i mac tr cung do cdy ghép dong loai.
Tac dung nay co thé xay ra thong qua viéc ngin
chin con dudng truyén tin hiéu PI3K/Akt/mTOR
qua trung gian VEGFR-2, do d6 ngan chan su
hinh thanh mach va thiic day qua trinh ty hity cua
céc té bao ndi mac tir cung ngoai t cung [80].

Ngoai tac dung diéu hoa ndng do cac hormon
sinh dyc, mot s ginsenosid con ¢ tac dung can
bang ndng do cac corticosteroid. Trén md hinh
chudt céng duoc giy cang thang chudi nhe kéo
dai, ginsenosid Rgl the hién hoat dong chong
trdm cam gdy giam nong dd corticosteron huyet
thanh va cai thién gidc ngu thong qua truc ha ddi
- tuyen yén - tuyen thuong thén va truc ving
dudi d6i - tuyén yén - tuyén sinh duc [20]. Trong
mot bao cao khac, 20(S)-protopanaxatriol re ché
dang ké viéc san xuét cac hormon pregnenolon
progesteron, deoxycortlcosteron, cortisol va
corticosteron phuy thudc vao lidu trén té bao bod
tuyén thuong than bo bi kich thich bai hormon
vo thugng than [81].

Nhu vay, cac ginsenosid c6 hoat tinh ndi tiét
td steroid manh va can bang nong do hormon
steroid trong mau nhu androgen (testosteron va
DHEA), estrogen (estradiol) va corticosteroid
(corticosteron, cortisol) & dong vat co vii (Bang 2).

Bang 2. Anh hudng ciia saponin ginsenosid trong tam that 1én mot s6 ndng dé hormon steroid

Thoi eian Phuong | Co ché Tai
. . M0 hinh thi | Buong dung ) gla Hormon phép tac dung FA liéu
Ginsenosid " Y diéu tri e A Al Két qua
nghiém va liéu (tuin) tac dong phén (phan tir tham
tich tin hi¢u) khao
A . Mién < P A
Rgl Chuotnhit | 11em phc \ dich NO Tang nong do
] mac, 5 va 20 ngay Androgen . testosteron [75]
duc phoéng /cGMP .
10 mg/kg a trong mau
Chudt nhat ' ‘
bi ton Tang nong do
thuong chtre Duong PI3K testosteron va [76]
Rgl nang sinh uong, 20 6 Androgen | ELISA /Akt hormon tao
san gy ra mg/kg IMTOR | hoang thé trong
bdi dinbutyl huyét thanh
phthalat




10 N. V. Khanh et al. / VNU Journal of Science: Medical and Pharmaceutical Sciences, Vol.

39, No. 4 (2023) 1-15

Chuot géng < Tang nong d6
dugc cat bo | Puong udng & nonsg ¢
Rgl L. Androgen | ELISA - testosteron [20]
tuyén sinh 20 mg/kg K
duc huyét thanh
Ethanol gay Dbuong Téang nong do
Rgl ravosinh¢ | uong, 20 va Androgen | ELISA - testosteron [77]
chudt cong 40 mg/kg huyét thanh
~ . Tang n6ng do
Rgl, Re, Phy nit khoé . £ N
RbL,Rc, | manh tudi tir D“‘?’ggm uong Androgen | ELISA - tgsﬁoét:rt?gn"a [78]
Rb2 va Rd 20-50 9 ATong
nudc bot
Chudt nhat Tiém tinh Tang n 6ng 6 5-
Rb1 bi cét bd mach, Estrogen - - ° 27 [79]
budng trimg 10 mg/kg hydroxytryptamin
Chudt cong A -
bi lac noi Puong PI3K S;f;ﬁ:;‘f‘;i dgt
Rg3 mac tir cung udng, Estrogen - /Akt thanh tron };é [80]
do cAy ghép | 10 mg/kg /mTOR bio &
dong lqai
Chudt cong ‘
cang thang \ 4 . Giam nong
Rgl man tinh D;gj:f l/llg ne 4 Corrtc;?gste ELISA - do corticosteron | [20]
khong doan 9/kg huyét thanh
trude
Adrenocorti
cotropic A A
hormonpkich Corti Giam nong do
Y S orticoste corticosteron,
PPT thtl)zhtflilgso 9,53 pg/ml - roid GC-MS - cortisol & bio [81]
thuong than b6 co'bo
cua bo

5. Két luan

Céc saponin chinh trong tam that chu yéu la
cac ginsenosid thuéc nhom dammaran véi phan
aglycon c6 ciu tric hoa hoc twong tw nhu cac
hormon steroid véi khung cdu trac 16i gdbm 17
nguyén ti carbon. Do vay, cac ginsenosid co
hoat dong gidng nhu hormon steroid bang cach
lién két hodc kich hoat nhan noi bao, cytosol
hoic cac thu thé hormon trén mang té bao, ching
han nhu thu thé estrogen, androgen va
glucocorticoid. Mot sé ginsenosid déng vai tro
quan trong trong viéc diéu hoa ndng do cac
hormon steorid nhu testosteron, DHEA
(androgen), estradiol (estrogen) va corticosteron
(corticosteroid).

Vi hoat tinh sinh hoc nay, cac ginsenosid
trong tam thit hira hen c6 thé phat trién thanh
thudc c6 ngudn gde tir thién nhién nham thay thé
cho hormon steroid téng hop dé ngan ngira rdi

loan ndi tiét va diéu tri mot s6 bénh lién quan toi
hormon steroid. Tir d6 gép phan vao viéc tip
trung phat trién cac thudc Y hoc ¢ truyén tir
thuc vat, mang lai nhiéu loi ich tot cho st khoé
con ngudi va giam tac dung khong mong mudn.

Loi cam on

Nguyén Vin Khanh duoc tai trg bdi Chuong
trinh hoc béng dao tao thac si, tién si trong nudc
ctia Quy Pdi méi sang tao Vingroup (VINIF),
mi s6 VINIF.2022.TS057.

Tai liéu tham khao

[1] P. Caron, V. Turcotte, C. Guillemette, A
Chromatography/Tandem Mass  Spectrometry
Method for the Simultaneous Profiling of Ten
Endogenous Steroids, Including Progesterone,



(2]

(3]

(4]

(5]

(6]

[7]

(8]

N. V. Khanh et al. / VNU Journal of Science: Medical and Pharmaceutical Sciences, Vol. 39, No. 4 (2023) 1-15 11

Adrenal Precursors, Androgens and Estrogens,
using Low Serum Volume, Steroids, Vol. 104,
2015, pp. 16-24,
https://doi.org/10.1016/j.steroids.2015.07.009.

. Cicalini, S. Tumini, P. 1. Guidone,
D. Pieragostino, M. Zucchelli, S. Franchi, G. Lisi,
P. Lelli Chiesa, L. Stuppia, V. Laurenzi, C. Rossi,
Serum Steroid Profiling by  Liquid
Chromatography-Tandem Mass Spectrometry for
the Rapid Confirmation and Early Treatment of
Congenital Adrenal Hyperplasia: A Neonatal Case
Report, Metabolites, Vol. 9, No. 12, 2019, pp. 1-7,
https://doi.org/10.3390/metab09120284.

B. R. Stolze, V. Gounden, J. Gu, E. A. Elliott,
L. S. Masika, B. S. Abel, D. P. Merke, M. C.
Skarulis, S. J. Soldin, An Improved Micro-method
for the Measurement of Steroid Profiles by APPI-
LC-MS/MS and Its Use in Assessing Diurnal
Effects on Steroid Concentrations and Optimizing
the Diagnosis and Treatment of Adrenal
Insufficiency and CAH, The Journal of Steroid
Biochemistry and Molecular Biology, Vol. 162,
2016, pp. 110-116,
https://doi.org/10.1016/j.jsbmb.2015.12.024.

S. D. Flanagan, W. H. DuPont, L. K. Caldwell,
V. H. Hardesty, E. C. Barnhart, M. K. Beeler,
E. M. Post, J. S. Volek, W. J. Kraemer, The Effects
of a Korean Ginseng, GINST15, on Hypo-
Pituitary-Adrenal and Oxidative Activity Induced
by Intense Work Stress, J Med Food, Vol. 21,
No. 1, 2018, pp. 104-112,
https://doi.org/10.1089/jmf.2017.0071.

Q. Meng, A. Ren, L. Zhang, J. Liu, Z. Li, Y. Yang,
R. Li, L. Ma, Incidence of Infertility and Risk
Factors of Impaired Fecundity among Newly
Married Couples in a Chinese Population, Reprod
Biomed Online, Vol. 30, No. 1, 2015, pp. 92-100,
https://doi.org/10.1016/j.rbmo.2014.10.002.

S. F. Akomolafe, G. Oboh, A. A. Akindahunsi,
A. J. Afolayan, Ethanol-induced Male Infertility:
Effects of Aqueous Leaf Extract of Tetracarpidium
Conophorum, Andrologia, Vol. 49, No. 10, 2017,
pp. 1-14, https://doi.org/10.1111/and.12759.

S. E. Borst, J. F. Yarrow, Injection of Testosterone
May Be Safer and More Effective than
Transdermal Administration for Combating Loss
of Muscle and Bone in Older Men, Am J Physiol
Endocrinol Metab, Vol. 308, No. 12, 2015,
pp. 1035-1042,
https://doi.org/10.1152/ajpendo.00111.2015.

S. W. Chan, Panax ginseng, Rhodiola Rosea and
Schisandra Chinensis, Int J Food Sci Nutr, Vol. 63,
2012, pp. 75-81,
https://doi.org/10.3109/09637486.2011.627840.

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

D. Jiang, A. Coscione, L. Li, B. Y. Zeng, Effect of
Chinese Herbal Medicine on Male Infertility, Int
Rev Neurobiol, Vol. 135, 2017, pp. 297-311,
https://doi.org/10.1016/bs.irn.2017.02.014.

A. Panossian, G. Wikman, J. Sarris, Rosenroot
(Rhodiola rosea): Traditional Use, Chemical
Composition, Pharmacology and Clinical Efficacy,
Phytomedicine, Vol. 17, No. 7, 2010, pp. 481-493,
https://doi.org/10.1016/j.phymed.2010.02.002.

L. Schloms, K. H. Storbeck, P. Swart, W. C.
Gelderblom, A. C. Swart, The Influence of
Aspalathus Linearis (Rooibos) and Dihydrochalcones
on Adrenal Steroidogenesis: Quantification of
Steroid Intermediates and End Products in H295R
Cells, The Journal of steroid biochemistry and
molecular biology, Vol. 128, No. 3-5, 2012,
pp. 128-138,
https://doi.org/10.1016/j.jsbmb.2011.11.003.

D. F. Yao, J. N. Mills, Male Infertility: Lifestyle
Factors and Holistic, Complementary, and
Alternative Therapies, Asian J Androl, Vol. 18,
No. 3, 2016, pp. 410-418,
https://doi.org/10.4103/1008-682x.175779.

D. Xu, P. Huang, Z. Yu, D. H. Xing, S. Ouyang,
G. Xing, Efficacy and Safety of Panax
Notoginseng  Saponin  Therapy for Acute
Intracerebral Hemorrhage, Meta-Analysis, and
Mini Review of Potential Mechanisms of Action,
Front Neurol, Vol. 5, 2014, pp. 1-19,
https://doi.org/10.3389/fneur.2014.00274.

Y. Jinting, Z. Ningna, The Protective Effects of
Panax Notoginseng Saponin on the Blood-Brain
Barrier via the Nrf2/ARE Pathway in bEnd3 Cells,
Journal of Emerging Investigators, Vol. 6, No. 1,
2016, pp. 1-8.

J. Qu, N. Xu, J. Zhang, X. Geng, R. Zhang, Panax
Notoginseng Saponins and their Applications in
Nervous System Disorders: A Narrative Review,
Ann Transl Med, Vol. 8, No. 22, 2020, pp. 1-10,
https://doi.org/10.21037/atm-20-6909.

T. Zhang, S. Zhong, T. Li, J. Zhang, Saponins as
Modulators of Nuclear Receptors, Critical Reviews
in Food Science and Nutrition, Vol. 60, No. 1,
2020, pp. 94-107,
https://doi.org/10.1080/10408398.2018.1514580.
J. Park, H. Song, S. K. Kim, M. S. Lee, D. K. Rheg,
Y. Lee, Effects of Ginseng on Two Main Sex
Steroid Hormone Receptors: Estrogen and
Androgen Receptors, J Ginseng Res, Vol. 41,
No. 2, 2017, pp. 215-221,
https://doi.org/10.1016/j.jgr.2016.08.005.

H. Zhang, Q. Zhou, X. Li, W. Zhao, Y. Wang,
H. Liu, N. Li, Ginsenoside Re Promotes Human


https://doi.org/10.3390/metabo9120284
https://doi.org/10.1016/j.jsbmb.2015.12.024
https://doi.org/10.1089/jmf.2017.0071
https://doi.org/10.1016/j.rbmo.2014.10.002
https://doi.org/10.1111/and.12759
https://doi.org/10.1152/ajpendo.00111.2015
https://doi.org/10.3109/09637486.2011.627840
https://doi.org/10.1016/bs.irn.2017.02.014
https://doi.org/10.1016/j.phymed.2010.02.002
https://doi.org/10.1016/j.jsbmb.2011.11.003
https://doi.org/10.4103/1008-682x.175779
https://doi.org/10.3389/fneur.2014.00274
https://doi.org/10.21037/atm-20-6909
https://doi.org/10.1080/10408398.2018.1514580
https://doi.org/10.1016/j.jgr.2016.08.005

12

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

N. V. Khanh et al. / VNU Journal of Science: Medical and Pharmaceutical Sciences, Vol. 39, No. 4 (2023) 1-15

Sperm  Capacitation through Nitric Oxide-
dependent Pathway, Molecular Reproduction And
Development, Vol. 74, No. 4, 2007, pp. 497-501,
https://doi.org/10.1002/mrd.20583.

K. W. Leung, A. S. Wong, Ginseng and Male
Reproductive Function, Spermatogenesis, Vol. 3,
No. 3, 2013, pp. 1-6,
https://doi.org/10.4161/spmg.26391.

Z. Mou, Q. Huang, S. F. Chu, M. J. Zhang, J. F.
Hu, N. H. Chen, J. T. Zhang, Antidepressive
Effects of Ginsenoside Rgl Via Regulation of HPA
and HPG axis, Biomedicine & Pharmacotherapy =
Biomedecine &Ppharmacotherapie, VVol. 92, 2017,
pp. 962-971,
https://doi.org/10.1016/j.biopha.2017.05.119.

D. H. Kim, Y. S. Moon, J. S. Jung, S. K. Min,
B. K. Son, H. W. Suh, D. K. Song, Effects of
Ginseng Saponin Administered Intraperitoneally
on the Hypothalamo-pituitary-adrenal Axis in
Mice, Neuroscience Letters, Vol. 343, No. 1, 2003,
pp. 62-66,
https://doi.org/10.1016/50304-3940(03)00300-8.
J. C. Bao, Liu, G. Cong, C. X. Zhang, The Progress
on Chemical Constituents of Panax notoginseng
(Burk.) F. H. Chen, Chinese Traditional Patent
Medicine, Vol. 28, pp. 246-253.

T. Wang, R. Guo, G. Zhou, X. Zhou, Z. Kou,
F. Sui, C. Li, L. Tang, Z. Wang, Traditional uses,
Botany, Phytochemistry, Pharmacology and
Toxicology of Panax Notoginseng (Burk.) F. H.
Chen: A Review, Journal of Ethnopharmacology,
Vol. 188, 2016, pp. 234-258,
https://doi.org/10.1016/j.jep.2016.05.005.

J. M. L{, J. Jiang, M. S. Jamaluddin, Z. Liang,
Q. Yao, C. Chen, Ginsenoside Rbl Blocks
Ritonavir-Induced Oxidative Stress and eNOS
Downregulation through Activation of Estrogen
Receptor-Beta and Upregulation of SOD in Human
Endothelial  Cells, International journal of
Molecular Sciences, Vol. 20, No. 2, 2019, pp. 1-17,
https://doi.org/10.3390/ijms20020294.

K. C. Shin, D. K. Oh, Classification of
Glycosidases that Hydrolyze the Specific Positions
and Types of Sugar Moieties in Ginsenosides,
Critical reviews in biotechnology, Vol. 36, No. 6,
2016, pp. 1036-1049,
https://doi.org/10.3109/07388551.2015.1083942.
Y. Xie, Y. Ma, J. Xu, Y. Liu, P. Yue, Q. Zheng,
P. Hu, M. Yang, Panax Notoginseng Saponins as a
Novel Nature Stabilizer for Poorly Soluble Drug
Nanocrystals: A Case Study with Baicalein,
Molecules, Vol. 21, No. 9, 2016, pp. 1-11,
https://doi.org/10.3390/molecules21091149.

[27]

(28]

[29]

(30]

[31]

(32]

[33]

[34]

(35]

[36]

R. B. Ding, K. Tian, Y. W. Cao, J. L. Bao,
M. Wang, C. He, Y. Hu, H. Su, J. B. Wan,
Protective Effect of Panax Notoginseng Saponins
on Acute Ethanol-induced Liver Injury Is
Associated with Ameliorating Hepatic Lipid
Accumulation and Reducing Ethanol-mediated
Oxidative Stress, J Agric Food Chem, Vol. 63, No. 9,
2015, pp. 2413-2422,
https://doi.org/10.1021/jf502990n.

M. A. P. M. Conn. Endocrinology: Basic and
Clinical Principles, Springer, 2" Edition, Humana
Totowa, 2005.

J. P. Holst, O. P. Soldin, T. Guo, S. J. Soldin,
Steroid Hormones: Relevance and Measurement in
the Clinical Laboratory, Clin Lab Med, Vol. 24,
No. 1, 2004, pp. 105-118,
https://doi.org/10.1016/j.cll.2004.01.004.

W. L. Miller, R. J. Auchus, The Molecular
Biology, Biochemistry, and Physiology of Human
Steroidogenesis and Its Disorders, Endocrine
Reviews, Vol. 32, No. 1, 2011, pp. 81-151,
https://doi.org/10.1210/er.2010-0013.

S. A. Wudy, G. Schuler, A. S. Guijo, M. F.
Hartmann, The Art of Measuring Steroids:
Principles and Practice of Current Hormonal
Steroid Analysis, The Journal of Steroid
Biochemistry and Molecular Biology, Vol. 179,
2018, pp. 88-103,
https://doi.org/10.1016/j.jsbmb.2017.09.003.

S. H. Mellon, L. D. Griffin, Neurosteroids:
Biochemistry and Clinical Significance, Trends
Endocrinol Metab, Vol. 13, No. 1, 2002, pp. 35-43,
https://doi.org/10.1016/s1043-2760(01)00503-3.

M. Schumacher, R. Guennoun, C. Mattern,
J. P. Oudinet, F. Labombarda, A. F. D. Nicola,
P. Liere, Analytical Challenges for Measuring
Steroid Responses to Stress, Neurodegeneration
and Injury in the Central Nervous System, Steroids,
Vol. 103, 2015, pp. 42-57,
https://doi.org/10.1016/j.steroids.2015.08.013.

S. Karashima, 1. Osaka, Rapidity and Precision of
Steroid Hormone Measurement, J Clin Med,
Vol. 11, No. 4, 2022, pp. 1-18,
https://doi.org/10.3390/jcm11040956.

C. W. Cho, Y. C. Kim, Y. K. Rhee, Y. C. Lee,
K. T. Kim, H. D. Hong, Chemical Composition
Characteristics of Korean Straight Ginseng
Products, Journal of Ethnic Foods, Vol. 1, No. 1,
2014, pp. 24-28,
https://doi.org/10.1016/j.jef.2014.11.007.

Q. Liu, J. J. Lv, M. Xu, D. Wang, H. T. Zhu,
C. R. Yang, Y. J. Zhang, Dammarane-type
Saponins from Steamed Leaves of Panax


https://doi.org/10.1002/mrd.20583
https://doi.org/10.4161/spmg.26391
https://doi.org/10.1016/j.biopha.2017.05.119
https://doi.org/10.3390/ijms20020294
https://doi.org/10.3109/07388551.2015.1083942
https://doi.org/10.3390/molecules21091149
https://doi.org/10.1021/jf502990n
https://doi.org/10.1016/j.cll.2004.01.004
https://doi.org/10.1210/er.2010-0013
https://doi.org/10.1016/s1043-2760(01)00503-3
https://doi.org/10.1016/j.steroids.2015.08.013
https://doi.org/10.3390/jcm11040956

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

N. V. Khanh et al. / VNU Journal of Science: Medical and Pharmaceutical Sciences, Vol. 39, No. 4 (2023) 1-15 13

Notoginseng, Natural Products and
Bioprospecting, Vol. 1, No. 3, 2011, pp. 124-128,
https://doi.org/10.1007/s13659-011-0036-2.

R. Maltais, M. R. Tremblay, L. C. Ciobanu,
D. Poirier, Steroids and Combinatorial Chemistry,
J Comb Chem, Vol. 6, No. 4, 2004, pp. 443-456,
https://doi.org/10.1021/cc030118m.

J. Liu, Y. Wang, L. Qiu, Y. Yu, C. Wang, Saponins
of Panax Notoginseng: Chemistry, Cellular
Targets and Therapeutic Opportunities in
Cardiovascular Diseases, Expert Opin Investig
Drugs, Vol. 23, No. 4, 2014, pp. 523-539,
https://doi.org/10.1517/13543784.2014.892582.

G. A. Francis, E. Fayard, F. Picard, J. Auwerx,
Nuclear Receptors and the Control of Metabolism,
Annu Rev Physiol, Vol. 65, 2003, pp. 261-311,
https://doi.org/10.1146/annurev.physiol.65.09210
1.142528.

L. Li, F. Bonneton, X. Y. Chen, V. Laudet,
Botanical Compounds and their Regulation of
Nuclear Receptor Action: the Case of Traditional
Chinese Medicine, Mol Cell Endocrinol, Vol. 401,
2015, pp. 221-237,
https://doi.org/10.1016/j.mce.2014.10.028.

M. H. Siddigi, M. Z. Siddiqi, S. Ahn, S. Kang,
Y. J. Kim, N. Sathishkumar, D. U. Yang, D. C.
Yang, Ginseng Saponins and the Treatment of
Osteoporosis: Mini Literature Review, J Ginseng
Res, Vol. 37, No. 3, 2013, pp. 261-268,
https://doi.org/10.5142/jgr.2013.37.261.

D. Zhao, Challenges Associated with Elucidating
the Mechanisms of the Hypocholesterolaemic
Activity of Saponins, Journal of Functional Foods,
Vol. 23, 20186, pp. 52-65,
https://doi.org/10.1016/j.jff.2016.02.023.

A. S. Attele, J. A. Wu, C. S. Yuan, Ginseng
Pharmacology: Multiple Constituents and Multiple
Actions, Biochemical pharmacology, Vol. 58,
No. 11, 1999, pp. 1685-1693,
https://doi.org/10.1016/s0006-2952(99)00212-9.

E. H. Kim, I. H. Kim, M. J. Lee, C. T. Nguyen,
J. A. Ha, S. C. Lee, S. Choi, K. T. Choi, S. Pyo,
D. K. Rhee, Anti-oxidative Stress Effect of Red
Ginseng in the Brain Is Mediated by Peptidyl
Arginine Deiminase Type IV (PADI4) Repression
via Estrogen Receptor (ER) B Up-regulation, J
Ethnopharmacol, Vol. 148, No. 2, 2013,
pp. 474-485,
https://doi.org/10.1016/j.jep.2013.04.041.

J. Ding, Y. Xu, X. Ma, J. An, X. Yang, Z. Liu,
N. Lin, Estrogenic Effect of the Extract of Renshen
(Radix Ginseng) on Reproductive Tissues in
Immature Mice, J Tradit Chin Med, Vol. 35, No. 4,

[46]

[47]

[48]

[49]

[50]

[51]

(52]

(53]

2015, pp. 460-467, https://doi.org/10.1016/s0254-
6272(15)30125-4.

Y. Xu, J. Ding, X. P. Ma, Y. H. Ma, Z. Q. Liu,
N. Lin, Treatment with Panax Ginseng
Antagonizes  the  Estrogen  Decline in
Ovariectomized Mice, Int J Mol Sci, Vol. 15,
No. 5, 2014, pp. 7827-7840,
https://doi.org/10.3390/ijms15057827.

M. K. Shim, Y. J. Lee, Estrogen Receptor Is
Activated by Korean Red Ginseng In Vitro but not
In Vivo, J Ginseng Res, Vol. 36, No. 2, 2012,
pp. 169-175,
https://doi.org/10.5142/jgr.2012.36.2.169.

E. Chung, K. Y. Lee, Y. J. Lee, Y. H. Lee,
S. K. Lee, Ginsenoside Rgl Down-regulates
Glucocorticoid Receptor and Displays Synergistic
Effects with cAMP, Steroids, Vol. 63, No. 7-8,
1998, pp. 421-424, https://doi.org/10.1016/s0039-
128x(98)00043-9.

J. Wu, Z. Pan, Z. Wang, W. Zhu, Y. Shen, R. Cui,
J. Lin, H. Yu, Q. Wang, J. Qian, Y. Yu, D. Zhu,
Y. Lou, Ginsenoside Rgl Protection Against
B-amyloid Peptide-induced Neuronal Apoptosis
Via Estrogen Receptor o and Glucocorticoid
Receptor-dependent Anti-protein Nitration
Pathway, Neuropharmacology, Vol. 63, No. 3,
2012, pp. 349-361,
https://doi.org/10.1016/j.neuropharm.2012.04.005.

K. Shen, S. W. Leung, L. Ji, Y. Huang, M. Hou, A.
Xu, Z. Wang, P. M. Vanhoutte, Notoginsenoside
Ft1 Activates both Glucocorticoid and Estrogen
Receptors to Induce Endothelium-dependent,
Nitric Oxide-mediated Relaxations in Rat
Mesenteric Arteries, Biochemical Pharmacology,
Vol. 88, No. 1, 2014, pp. 66-74,
https://doi.org/10.1016/j.bcp.2014.01.007.

J. S. Bae, H. S. Park, J. W. Park, S. H. Li,
Y. S. Chun, Red Ginseng and 20(S)-Rg3 Control
Testosterone-induced Prostate Hyperplasia by
Deregulating Androgen Receptor Signaling, J Nat
Med, Vol. 66, No. 3, 2012, pp. 476-485,
https://doi.org/10.1007/s11418-011-0609-8.

W. Wang, H. Wang, E. R. Rayburn, Y. Zhao,
D. L. Hill, R. Zhang, 20(S)-25-methoxyl-
dammarane-3beta, 12beta, 20-triol, a Novel
Natural Product for Prostate Cancer Therapy:
Activity In Vitro and In Vivo and Mechanisms of
Action, Br J Cancer, Vol. 98, No. 4, 2008,
pp. 792-802,
https://doi.org/10.1038/sj.bjc.6604227.

G. H. Park, K. Y. Park, H. I. Cho, S. M. Lee,
J. S. Han, C. H. Won, S. E. Chang, M. W. Lee,
J. H. Choi, K. C. Moon, H. Shin, Y. J. Kang, D. H.


https://doi.org/10.1007/s13659-011-0036-2
https://doi.org/10.1021/cc030118m
https://doi.org/10.1517/13543784.2014.892582
https://doi.org/10.1146/annurev.physiol.65.092101.142528
https://doi.org/10.1146/annurev.physiol.65.092101.142528
https://doi.org/10.1016/j.mce.2014.10.028
https://doi.org/10.5142/jgr.2013.37.261
https://doi.org/10.1016/s0006-2952(99)00212-9
https://doi.org/10.1016/j.jep.2013.04.041
https://doi.org/10.1016/s0254-6272(15)30125-4
https://doi.org/10.1016/s0254-6272(15)30125-4
https://doi.org/10.3390/ijms15057827
https://doi.org/10.5142/jgr.2012.36.2.169
https://doi.org/10.1016/s0039-128x(98)00043-9
https://doi.org/10.1016/s0039-128x(98)00043-9
https://doi.org/10.1016/j.neuropharm.2012.04.005
https://doi.org/10.1016/j.bcp.2014.01.007
https://doi.org/10.1007/s11418-011-0609-8
https://doi.org/10.1038/sj.bjc.6604227

14

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

N. V. Khanh et al. / VNU Journal of Science: Medical and Pharmaceutical Sciences, Vol. 39, No. 4 (2023) 1-15

Lee, Red Ginseng Extract Promotes the Hair
Growth in Cultured Human Hair Follicles, J Med
Food, Vol. 18, No. 3, 2015, pp. 354-362,
https://doi.org/10.1089/jmf.2013.3031.

S. Y. Nah, Ginseng Ginsenoside Pharmacology in
the Nervous System: Involvement in the
Regulation of lon Channels and Receptors, Front
Physiol, Vol. 5, 2014, pp. 1-13,
https://doi.org/10.3389/fphys.2014.00098.

S. Raheja, A. Girdhar, V. Lather, D. Pandita,
Biochanin A: A Phytoestrogen with Therapeutic
Potential, Trends in Food Science & Technology,
Vol. 79, 2018, pp. 55-66,
https://doi.org/10.1016/j.tifs.2018.07.001.

J. Tamaoki, J. Nakata, K. Kawatani, E. Tagaya,
A. Nagai, Ginsenoside-induced Relaxation of
Human Bronchial Smooth Muscle via Release of
Nitric Oxide, Br J Pharmacol, Vol. 130, No. 8,
2000, pp. 1859-1864,
https://doi.org/10.1038/sj.bjp.0703511.

Q. Li, Y. Xiang, Y. Chen, Y. Tang, Y. Zhang,
Ginsenoside Rgl Protects Cardiomyocytes Against
Hypoxia/Reoxygenation Injury via Activation of
Nrf2/HO-1 Signaling and Inhibition of JNK, Cell
Physiol Biochem, Vol. 44, No. 1, 2017, pp. 21-37,
https://doi.org/10.1159/000484578.

J. P. Li, Y. Gao, S. F. Chu, Z. Zhang, C. Y. Xia,
Z. Mou, X. Y. Song, W. B. He, X. F. Guo, N. H.
Chen, Nrf2 Pathway Activation Contributes to
Anti-fibrosis Effects of Ginsenoside Rgl in a Rat
Model of Alcohol- and CCl4-induced Hepatic
Fibrosis, Acta Pharmacol Sin, Vol. 35, No. 8, 2014,
pp. 1031-1044,
https://doi.org/10.1038/aps.2014.41.

J. Fan, D. Liu, C. He, X. Li, F. He, Inhibiting
Adhesion Events by Panax Notoginseng Saponins
and Ginsenoside Rbl Protecting Arteries Via
Activation of Nrf2 and Suppression of p38 -
VCAM-1 Signal Pathway, J Ethnopharmacol,
Vol. 192, 2016, pp. 423-430,
https://doi.org/10.1016/j.jep.2016.09.022.

I. H. Kim, S. K. Kim, E. H. Kim, S. W. Kim, S. H.
Sohn, S. C. Lee, S. Choi, S. Pyo, D. K. Rhee,
Korean Red Ginseng Up-regulates C21-Steroid
Hormone Metabolism via Cypllal Gene in
Senescent Rat Testes, J Ginseng Res, Vol. 35,
No. 3, 2011, pp. 272-282,
https://doi.org/10.5142/jgr.2011.35.3.272.

Q. G. Gao, H. Y. Chan, C. W. Y. Man, M. S. Wong,
Differential ERa-mediated Rapid Estrogenic
Actions of Ginsenoside Rgl and Estren in Human
Breast Cancer MCF-7 Cells, the Journal of steroid
biochemistry and molecular biology, Vol. 141,

[62]

[63]

[64]

[65]

[66]

[67]

(68]

(69]

2014, pp. 104-112,
https://doi.org/10.1016/j.jsbmb.2014.01.014.

J. Cho, W. Park, S. Lee, W. Ahn, Y. Lee,
Ginsenoside-Rb1 from Panax Ginseng C.A. Meyer
Activates Estrogen Receptor-alpha and -beta,
Independent of Ligand Binding, The Journal of
Clinical Endocrinology and Metabolism, Vol. 89,
No. 7, 2004, pp. 3510-3515,
https://doi.org/10.1210/jc.2003-031823.

Y. Lee, Y. Jin, W. Lim, S. Ji, S. Choi, S. Jang,
S. Lee, A ginsenoside-Rhl, A Component of
Ginseng Saponin, Activates Estrogen Receptor in
Human Breast Carcinoma MCF-7 Cells, The
Journal of Steroid Biochemistry and Molecular
Biology, Vol. 84, No. 4, 2003, pp. 463-468,
https://doi.org/10.1016/s0960-0760(03)00067-0.

R. Y. Chan, W. F. Chen, A. Dong, D. Guo, M. S.
Wong, Estrogen-like Activity of Ginsenoside Rgl
Derived from Panax Notoginseng, The Journal of
Clinical Endocrinology and Metabolism, Vol. 87,
No. 8, 2002, pp. 3691-3695,
https://doi.org/10.1210/jcem.87.8.8717.

C. Shi, D. D. Zheng, L. Fang, F. Wu, W. H. Kwong,
J. Xu, Ginsenoside Rgl Promotes Nonamyloidgenic
Cleavage of APP Via Estrogen Receptor Signaling
to MAPK/ERK and PI3K/Akt, Biochim Biophys
Acta, Vol. 1820, No. 4, 2012, pp. 453-460,
https://doi.org/10.1016/j.bbagen.2011.12.005.

L. W. Cheung, K. W. Leung, C. K. Wong, R. N.
Wong, A. S. Wong, Ginsenoside-Rgl Induces
Angiogenesis via Non-genomic Crosstalk of
Glucocorticoid Receptor and Fibroblast Growth
Factor Receptor-1, Cardiovasc Res, Vol. 89, No. 2,
2011, pp. 419-425,
https://doi.org/10.1093/cvr/cvg300.

Y. Gao, S. Chu, J. Li, J. Li, Z. Zhang, C. Xia,
Y. Heng, M. Zhang, J. Hu, G. Wei, Y. Li, N. Chen,
Anti-inflammatory Function of Ginsenoside Rgl
on Alcoholic Hepatitis through Glucocorticoid
Receptor Related Nuclear Factor-kappa B
Pathway, Journal of Ethnopharmacology, Vol. 173,
2015, pp. 231-240,
https://doi.org/10.1016/j.jep.2015.07.020.

C. Y. Xia, S. F. Chu, S. Zhang, Y. Gao, Q. Ren,
Y. X. Lou, P. Luo, M. T. Tian, Z. Q. Wang, G. H.
Du, Y. Tomioka, T. Yamakuni, Y. Zhang, Z. Z.
Wang, N. H. Chen, Ginsenoside Rgl Alleviates
Corticosterone-induced Dysfunction of Gap
Junctions in Astrocytes, J Ethnopharmacol,
Vol. 208, 2017, pp. 207-213,
https://doi.org/10.1016/j.jep.2017.06.031.

K. W. Leung, F. P. Leung, Y. Huang, N. K. Mak,
R. N. Wong, Non-genomic Effects of Ginsenoside-


https://doi.org/10.1089/jmf.2013.3031
https://doi.org/10.3389/fphys.2014.00098
https://doi.org/10.1038/sj.bjp.0703511
https://doi.org/10.1159/000484578
https://doi.org/10.1038/aps.2014.41
https://doi.org/10.1016/j.jep.2016.09.022
https://doi.org/10.5142/jgr.2011.35.3.272
https://doi.org/10.1210/jc.2003-031823
https://doi.org/10.1016/s0960-0760(03)00067-0
https://doi.org/10.1210/jcem.87.8.8717
https://doi.org/10.1016/j.bbagen.2011.12.005
https://doi.org/10.1093/cvr/cvq300
https://doi.org/10.1016/j.jep.2017.06.031

[70]

[71]

[72]

[73]

[74]

[75]

[76]

N. V. Khanh et al. / VNU Journal of Science: Medical and Pharmaceutical Sciences, Vol. 39, No. 4 (2023) 1-15 15

Re in Endothelial Cells via Glucocorticoid
Receptor, FEBS Lett, Vol. 581, No. 13, 2007,
pp. 2423-2428,
https://doi.org/10.1016/j.febslet.2007.04.055.

W. K. Liu, S. X. Xu, C. T. Che, Anti-proliferative
Effect of Ginseng Saponins on Human Prostate
Cancer Cell Line, Life Sciences, Vol. 67, No. 11,
2000, pp. 1297-1306,
https://doi.org/10.1016/S0024-3205(00)00720-7.

J. Yu, M. Eto, M. Akishita, A. Kaneko, Y. Ouchi,
T. Okabe, Signaling Pathway of Nitric Oxide
Production Induced by Ginsenoside Rb1 in Human
Aortic Endothelial Cells: a Possible Involvement of
Androgen Receptor, Biochem Biophys Res
Commun, Vol. 353, No. 3, 2007, pp. 764-769,
https://doi.org/10.1016/j.bbrc.2006.12.119.

T. Higashi, S. Ogawa, Chemical Derivatization for
Enhancing Sensitivity During LC/ESI-MS/MS
Quantification of Steroids in Biological Samples: a
Review, The Journal of Steroid Biochemistry and
Molecular Biology, Vol. 162, 2016, pp. 57-69,
https://doi.org/10.1016/j.jsbmb.2015.10.003.

M. V. Rokytovskd, P. Ocenas, A. Salayova,
Z. Kostecka, Breast Cancer: Targeting of Steroid
Hormones in Cancerogenesis and Diagnostics, Int
J Mol Sci, Vol. 22, No. 11, 2021, pp. 1-15,
https://doi.org/10.3390/ijms22115878.

74. P. S. Rao. Androgens. In: Wexler P, Editor,
Encyclopedia of Toxicology (Third Edition),
Oxford: Academic Press, 2014. pp. 230-233.

X. Wang, S. Chu, T. Qian, J. Chen, J. Zhang,
Ginsenoside Rgl Improves Male Copulatory
Behavior Via Nitric Oxide/cyclic Guanosine
Monophosphate Pathway, J Sex Med, Vol. 7,
No. 1, 2010, pp. 743-750,
https://doi.org/10.1111/j.17436109.2009.01482.x.
X. Xu, Z. Qu, H. Qian, Z. Li, X. Sun, X. Zhao,
H. Li, Ginsenoside Rgl Ameliorates Reproductive
Function Injury in C57BL/6J Mice Induced by Di-

[77]

(78]

[79]

(80]

(81]

N-butyl-phthalate, Environ Toxicol, Vol. 36, No. 5,
2021, pp. 789-799,
https://doi.org/10.1002/tox.23081.

M. Z. Z. Jin, A. Yang, Y. Shi, H. Niu, Q. Wang,
C. Yu, Z. Wei, X. Wang, Protective Effect of
Ginsenoside Rgl Against Ethanol-Induced Male
Infertility in Sprague-Dawley Rats, International
Journal of Pharmacology, Vol. 14, 2018,
pp. 513-521.

E. A.S. A. Dujaili, M. N. Abu Hajleh, R. Chalmers,
Effects of Ginseng Ingestion on Salivary
Testosterone and DHEA Levels in Healthy
Females: An Exploratory Study, Nutrients,
Vol. 12, No. 6, 2020, pp. 1-13,
https://doi.org/10.3390/nu12061582.

K. Hao, P. Gong, S. Q. Sun, H. P. Hao, G. J. Wang,
Y. Dai, Y. Liang, L. Xie, F. Y. Li, Beneficial
Estrogen-like Effects of Ginsenoside Rbl, an
Active Component of Panax Ginseng, on Neural 5-
HT Disposition and Behavioral Tasks in
Ovariectomized Mice, Eur J Pharmacol, Vol. 659,
No. 1, 2011, pp. 15-25,
https://doi.org/10.1016/j.ejphar.2011.03.005.

Y. Cao, Q. Ye, M. Zhuang, S. Xie, R. Zhong,
J. Cui, J. Zhou, Y. Zhu, T. Zhang, L. Cao,
Ginsenoside Rg3 Inhibits Angiogenesis in a Rat
Model of Endometriosis through the VEGFR-2-
mediated PI3K/Akt/mTOR Signaling Pathway,
PLoS One, Vol. 12, No. 11, 2017, pp. 1-16,
https://doi.org/10.1371/journal.pone.0186520.

E. Hasegawa, S. Nakagawa, Y. Miyate,
K. Takahashi, S. Ohta, E. Tachikawa, S. Yamato,
Inhibitory Effect of Protopanaxatriol Ginseng
Metabolite M4 on the Production of
Corticosteroids in  ACTH-Stimulated Bovine
Adrenal Fasciculata Cells, Life Sci, Vol. 92,
No. 12, 2013, pp. 687-693,
https://doi.org/10.1016/j.1fs.2013.01.023.


https://doi.org/10.1016/j.febslet.2007.04.055
https://doi.org/10.1016/j.bbrc.2006.12.119
https://doi.org/10.1016/j.jsbmb.2015.10.003
https://doi.org/10.3390/ijms22115878
https://doi.org/10.1002/tox.23081
https://doi.org/10.3390/nu12061582
https://doi.org/10.1016/j.ejphar.2011.03.005
https://doi.org/10.1371/journal.pone.0186520
https://doi.org/10.1016/j.lfs.2013.01.023

