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ABSTRACT

Pharmacological Action and Toxicity of Kehmannia glutinosa

Yeong-Chul Park, Gi-Yong Lee, Lag-Min Back, Hye-Young Son, Yoon-Boom Kook, Sun-Dong Lee

GLP Center, Catholic University of Daegu
) Dept. of Formula Science, School of Oriental Medicine, Sang-Ji University
“Dept. of Preventive medicine, School of Oriental Medicine, Sang-Ji University

Objectives : Rehmannia glutinosa has been used extensively in Korean traditional medicine.
Although thorough clinical trials are lacking, Various pharmacological actions for Rehmannia
glutinosa has been identified newly using animal models. In addition, it was reported that reactive
intermediates, potentially causing toxic effects, was isolated from one of components in Kehmannia
glutinosa. In this article, it is purposed for explanation and introduction of new studies for
Rehmannia glutinosa in terms of pharmacological action and toxicology.

Methods : New studies for Rehmannia glutinosa were reviewed and summarized in terms of
pharmacological action and toxicity.

Results and Conclusions : Fhmannia glutinosa and its components including iridoids, saccharides,
as well as amino acid, showed a variety of pharmacological actions on the blood system. immune
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system, endocrine system. cardiovascular system and the nervous system. In addition, it was
identified that aucubin, one of major components of FEhmannia glutinosa was biotransformed to

reactive intermediates by Bglycosidase and acid-hydrolysis, resulting in forming aucubigenin-

albumin adduct. Even if a lot of new pharmacological actions has been identified, it should be

considered for Rhmannia glutinosa to contain the material producing reactive intermediates which

may induce the side effects.
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Fig. 1. Various iridoid and monoterpene from Rehmannia glutinosal Adapted from Ref 3) af.)

L&
y i ~iaRi
/ r
R*"\ORa
oy
—
Rehmaglutin A : R=R,=R;=H Rs=OH

Rehmaglutin B: Ri=OH R»*R:=H Ru=Cl

Rehmaglutin D : Ri=Rz=Rs=H R,=Cl

OH -Gal
2 H

I onny i
CH20H CH20H

A B

Monoterpenes

0-Gle-Gal 0-Gle-Gal

OH

o
]~ oy /LJ/'"\-?}_
I SN (N
0
<

e
H

CH20Acety!

Acetylcatalpol

oH _Glucose

Monoterpene

He
J =
: H
CHoOH

o,

Melittoside

Glucose

OH

g
CHz0H
Ha0H

Rehmaglutin C

0-Gle 0-Gle
D

Rehmannioside

Fig. 2. Various iridoid glycoside and monoterpene from Rehmannia glutinosal Adapted from Ref 3)
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Table 1. Effective roles of Rehmannia glutinosa by components on blood system
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Table 2. Effective roles of Rehmannia glutinosa by components on tumors
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Table 3. Effective roles of Fehmannia glutinosa by components on immune system
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Table 4. Effective roles of Rehmannia glutinosa by components on central nervous system
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Table 5. Effective roles of Rehmannia glutinosa by components on cardiovascular system
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Control A4 X8 Control NE
Adriamycin Adriamycin
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Fig. 3. Protective effects of Saeng-Ji-Hwang on
(Adapted from Ref. 28)
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adriamycin-induced cytotoxicity in cardiac muscle cells
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Table 6. Effective roles of Rehmannia glutinosa by components on endocrine system and glucose metabolism
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- ddAslel] Wik 33k Stimulatory

Catalpol 2} iridoid glycoside
monomer, rehmannioside D

AN FEFEE

- 3T3-L1 AAFAH 22| glucose 2xu]e]

- vhA 739 glucckinase} G-6-PD, ~12]al ¢l4ed Hulel] i3t d3k: Stimulatory
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SR
T o3k

23] (100 me/ke,

- Alloxan-8% ol 9lo1A glucose 4230l o8t : Antagonism 154 EF7%)
- ok upe A ko] dish oJ3F : Antagonism Glycoside D
e I B e B e e A e il A 3}

- 3T3-L1 AeMIEe) He68 23 A-gob| 2o o5l v B4l ofiah 38k Stimulatory # 3}

- o554 A Z(diabetic nephropathy) : Antagonism
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) =+ bone metabolism)ell =3k &%
& dAE 28] 703 (remodelling) o2k 3

AL B8 &Rz wAde AAAHA *HJ]S’J
Avelol Al 2703 (bone remodelling) = S# % =

A A= A Z(osteoclast) o] 23 FEF (bone
resorption) ¢ A AR YA eA] FFA) Z(osteoblast)
o o8 A2 F3A (bone formation) &2 o] F
oA, o)HF T HA F FHPe A4 A
= 2GA3] dAFHe] o]RAH o]F Az zIbH
Q] x| 2uh-2-(coupling reaction) )zt g} (Fig.
H¥, AA e Fo AAAH F2H EAS
FABEE S8k 23y 33 N =
A 2718 F3AQ G| Bzt dejud
Agte] WAg, dE Fo] %39} JrE=RA
ZAgel| o] HA7] AN A we] WAB =
3% Z2F%(total bone mass)e] sl =2
Sto|m stzAZol| ¥ FH5 Sk oF A4
Al(bone loss)e] 1 ¥eloz Ausy glv}, uhe}
A FEek 2340 A8 B 234
Zo} HFM 20 AZ AEA AN 7AF o)F
ANAE 223 245 Y3l o)d= FA3
A NAE olslslEd 23k

A8+ ZE4(bone resorption) el &3] AAH
AANAN 2FA 28 AL fr=sted T34 (bone
formation) & 231 Aoz AR, o]

]

(s}
ke
% AL

r
al

g A3 =FHE FAe| W sk alkaline
phosphatase $4-& %3] &g 4 9l Alkaline
phosphataset™ Al Zv] weofst EAFEgtE<l #E
Y oEs, v TEy grtEels B4 FoE
RE QAbE AASE RSl Easd dFelvh
£3] alkaline phosphatase™ 7t} oA Ao
713 @}, =gt alkaline phosphataset™ F< A
e 2N ERRE TEelx 4oz wad
v}, wtetr A )M alkaline phosphatase 243
o] ¥ AL ZFHNEY Ao o AL 9
o}, Yoo e Foigh A3t A alkaline
phosphatase &4e] F7tE+ 7ol FAHH. o]
el = A 32 HEF Slold Zest FLEE
771 Aoz AT (Table 7)Y

Bone remodelling Bone disease (Osteoporosis)

!

normal abnormal

N

Coupling reaction

T TR

Bone formation Bone reabsorption

Osteoblast

Fig. 4. Proposed mechanisms for bone remodelling
and osteoprosis(Adapted from Ref. 34)

Osteoclast

Table 7. Effective roles of Rehmannia glutinosa by components on bone metabolism

g}ﬂ ku. 1:!1 o:]s—]:

A3e] e e 59

Stlmulatory

- Z3HM E(osteoblasts) &) alkaline phosphatase A3 Z2]o] djgt o33): ]

- Z3&(bone resorption) &) 2lelA peptide 7)) JAkERe] WF J8F: |

“.4

Antagonism
- HEZe A4 289 FUx (Bone mineral density, BMD¥ widh 33k 25
. Stimulatory °
8) 7] € A 2Ed X(oxidative stress)el] w3t dAk3A

Ao QA w3ke) 28 A9 shtal Akt

o] 9l X3 ALFA AEFH AL Yole] H
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FalgAakae H0:5 AAd H 029 A3
$5=3H: GSH peroxidase(GPX) 243} superoxide
anion radical$ #1713 superoxide dismutase
(SOD)& A& Z7M7IE AR A=
(Table 8)™. =& ROSE w|Fale] e|eje|zte
o gt N2 ArsbA &) Al A2 Ak (lipid
peroxidation)®] #%AHE<] malondialdehyde(MDA)

Aol A& Folof o3 ZrAHGI. o]e} o]
A& gakaty g%-& B8 xdt 2% Jhs
Aol FAHI glom o] 9em TWANEAANA
(Chronic atrophic gastritis) ¥ $1AHER] A4 55
S A 2o v Fske AT A o

T wol Qb Aew FAHT Y,

Table 8. Various roles of Rehmannia glutinosa by components in other effects

(anti-senscence)

2 & oreg]2h8- 9l o Z|3e] Feojuiw
- el (SH-Px(glutathione peroxidase) Azt A= =j7) = e
I 112 #4514 &3 Sl W&t 43k : Stimulatory ¢
- 718 A& HAkse] dgE 48F ¢ Antagonism # 3}
Chloroform ¥ 44
s - %9 | EZ=g]olo|A2] monoamine oxidase activity : Antagonism | ethanol S €3

AREEE

Chloroform ¥ 44

- Aok A2 Stimulatory

- ¥2] SOD FAlo| Wit ¢I8F : Stimulatory - g
- Malondialdehyde(MDA) %% : Antagonism ethajf;gﬂﬁ%
S

- d-galactose amineo] 93] FEF AHAL 2E wlg-2o A el
=2] NOS9} SOD A3 whst 33 : Stimulatory °
- Chronic atrophic gastritis(RHd$1E5AA A ) oigt odsF: Q5
o Antagonism S
(Anti-uleer) |- $1A4F £u]e] gk 33} Antaginism 7% 8}

A7) A
(improvement of
kideney function)

- AR AA 2 E7)58 Glomeruli epithelia foot process
fusion) : Stimulatory

3. Xgo| =M1
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FFAE

(¢)pyran-1-yl-B-D-glucopyranoside) = B-glycosidase

D F& 3teke] BAZZAR (reactive intermediates)
o A 5

A3 b F88 FEAES ojEEe|= u)
Aol 71 F 88 Al catalpols £33}
o ofF 33 ofF9 ool wh|Ae} HeHY
o}, o]g]Zo| =X monoterphendl] o] Ho] &
Hefold o BRo] 22" aglycon™ monoterephen
)7k ek A3 o]g]xe| = wiA el aucubin
(1,4a,5,7a-tetra-H-hydrxy-7<hydroxymethyl) cyclopenta

of g AAAZE B3 Fo] E2|H aglycon ¥
<l aucubigenin®® A3t} 53] aucubigenin
o] gl AR} FHATe] st A
AN S SN A o)t Ao FA
H3 ek Fig 52 aucubin® FASFZHHAA =
o] A% 7|AE vepd Aelvh Aucubine] B
~glycosidaseell 8l o] ¥]=HA aucubugenin
oz AR, dudoz o me|= W
o] BT Etrzdos Hdd| A
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sho] At 22 FHOA A F27F wE
Aucugenin 9] monoterphen®] pyran ringe] 47
AHEA 2702 aldehydeq] dialdehyde® A3+
vl Aldehyde 2% =92 =% DNAY AA7t

F83 Beoal AFYA B9 (nucleophilic site) 22
shift base(FAF WHelld AdH <l AR o] F&
53 JAEE EATRY Ad) NAE 59
Agrsls AAAA ol webd  aucubine B
~glycosidase 9} AARHNE 3 AHAAAI N ALA €
FAZ7FY A 2 A,

Fig. 6 aucubin® &4 albumin®| B-glycosidase
9] $-%Fo we} aucubigenin-albumin adduct §A
Axs gag Aot B-glycosidased B
o] ¥ aucubigenine-albumin adduct®) A ek
o] B-glycosidased ¥A o= +3 v|wzte] £-2

ey

HeOH( 9lucose CH0HPY
o B-glucosidase o
—p
F #
CH OH
Aucubin Aucubigenin

a7 71k AE o 4 vk o]+ aucubine]
B-glycosidaseel 2]3) aucubigenineii A 3kEm
aucubigenin= Aol o8] ZAHAANAA =
9] Azte £ albumine] adduct Aoz A
L}, Bglycosidase™ A8 Mt o] EE
Hol gld ol A3 =4 7|Ad FLsha
g 9lrh o]F Eahel 9h A3e] F28 AR
¢l aucubin HAAANAAZ A e o] 5L
a4 e FsAel ek wElM A3 94
HFog Fef Al aucubindl] &gt FA4 7FeAel

& Aoz FAE T X3 A9l
e% 7Fslar vhA] Z1zsle] oE]mel= “H%HV} il
A=e] aucubin® > AFESE) FAEe] aucubin
o AAAHAA AAE B A AY vl

CH20H Pyran‘ ring
HO . opening
—
— HO

OH
T EALS CHAFA

l NH2-Protein

Protein adduct

Fig. 5. mechanisms for the formation of reactive intermediates from aucubin{Adapted from Ref 39)

B-galactosidase
+ aucubin

(nmol/min/mg protein)
o
a

no B-galactosidase
+ aucubin

Aucubigenin-albumin adduct
=}
N

0.0 & L . .
0 4 8 12 16 20 24

Incubation time (hr)
Fig. 6. Aucubugenin-albumin adduct followed by
biotransformation of aucubin by B-
glycosidase activation(Adapted from 39)

2) X392 cytochrome P4500) °33F % oFE-AF
A

2183} cytochrome P450s} #AAE 79 A+
7F Hol oA dskem SAFIAAE A
+ aucubin< cytochrome P4509] &A1& A &gt}
= Aol FAHAH, deb A2 aucubinel
ot cytochrome P450l gt w2 A7) ¢FF
Qs A3t o ghA 9 okorate] Azt
49 7PsAE A g ESE viges 34
=3 9lv}h. Man-Shen-Ling #3+& xslal 9l
T uAE 283 A= oo 34 54 A
289 d¥g4de /MR AE Beo] aspirin,
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warfarin 2] 3 heparin 53 2 3534 & )
%3k clopidogrel®} 722 sF&AA, ibuprofendt
naproxen o3 22 v|AH Zo|=A §9EA F
= A3 A Fo A FYY AIAE M
Y A8 23 9F22(Ginkgo biloba)F} =}
E A u5E uRe o veelA AgavdS
it Hgel o]4F+ A I E(Saw Palmetto)
T3 W E5 A 29 J¥AE ST
w=3F x|3po] £33t eAl¢l Liu wei di huang tang
= Y W3] wEel FaEYA FoF Fede
So)ateiof AP AL o|2HogE ok
A EAE AN 4 gk A e v Rs}e

Paeonia lactiflora, Ligusticum wallichil, Angelica

¢ 1

sinesis, Glyeyrrhiza uralensis, Poria cocos, Atractlyodes
macrocephala, Panax ginseng, Astragalus membranaceus
S} Cinnamomum cassia 522 FAH glE
Shi-Quan-Da-Bu-Tang(SQT) 2 3ekA| Fo] 4 v}
AR RS E5E AN =G BAES
AR, AL oeAsl P s A
o A7tE 3 additive effect, F S-S EA)d &
A A AFs] Mo E T Ho &
+ @5 A FYEHE el A7t e
S S G P I
ga9e Aol ATbEY owiel vehd
o A3 4y AT fEs] die] Add
0]1/]. TL]—LH:]J?— ]. ].;q.oﬂyﬂ _1'5,01]1: ;(]_/r_z-lo] fgd—
= EAEHA R doot olv =3 S

& ok A Aol o3 ArrEsst FAs
A g et 7\}*‘“41_3-4 =5 3] i
of AR BT A7 additional effects) &
4= e 4 9lvk Sheehan's syndromes #%
= HapA el s sk B § AR 29
27 HapA gL A2t jjrﬂﬂ‘ﬁ A Al
Shole}, 53] Al # 20t Hel &= H3AZE
= l‘%ﬁf(ﬂﬁ%ﬂl7l%ﬁﬂ%)_i 7)1Ezd A
3 FE Bl ¥ 3kA-A A (hypothalamic
-pituitary system)®] A5& fE3le] A2

4o¢

o
o

olr

=,

Sl

a3

2o AL 2/ o9} o] A8 7}
HAZEE S B9 AT ERY A
A€ Z7H4E 4 Qv

o] o] A2 =gl 3] 2ePIA (B4 v
M WEEE 3|AEmY o AT A9A
27 AATIE FE)9e A5k 754 A E
2 9. e /\Eﬂic’],i_%‘?l corticosteroid
o} A58 B9 corticosteroid 289 g
Sisl 4~ 9lr), o]E FERS HE AR 9o
A2 g $-419)4 (adrenal cortex) o2 el A A
AR ¥ SR8 AAATEAY EAWAL

B5o| s FE AVtES e A3 7 Fo
Al Vel 4 gle

3 A3 FAg gt =4

duir o 232 o AFE FIM Al
u]@fﬂ 7433 FAEI v A3 A A ok

A BAR HepEgel o3t H-R-9)ul (abdominal
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g ‘:}i gt A B4 Al B8 A B

&, AR HZ3 skl FEAEE AARA
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B8t 5 AT 7R kel YA
Hog FoFEE okl 12-90g Aol #o]gE
FEE 7 A A 900 mie] Eell oF 90z
A E BAE THEe] o 200ml AE Foi=
At = 39 9 69 T3 4Y AR 5
dgt LaFo] 3-4Wl A% FoJEQdel =g 2-344
SoF 59 Ao w wlF 45-50g A% X3e] F
AH . G A ko] Y ARl A Feo
T ua R sEH s s A
71 o] uleAl s},

A 3o g LDy BAZ vl 27
& B8] oF 28g/kgo® FolH Tt =3 A
GFFEE £ ASAE 1Y 60g/kes 397
w2 Fogh A} o RARLI Aol ¢l
Hoz =gl E‘?J_E‘} A et 5 18g/ke s
o) 0Y Fo AFFAS Ay 2AYe g
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4 8 A T3 AF SN o
MalE FUH oW BAE =L 540 gt 7

o] S,

Ao R RE R, Y SEHL
Z9} dgF 59 oF 10 %9 JddEA e £
Halvt. =3t catalpol®t dihydrocatalpol $3F 722
ol o] = A (iridoid glycoside), phenol glycoside
ionone, flavonoid, o)At F7)|45F o] =g
Ao E3FE o] 9rt. o]F ALES A oF
g&sel 9lelM F2 AL s

2182 catalpol< oFE]E5el SN A4S v
el 7Y F28 olmel= wd-ui A (iridoid
monosaccharide glycoside) 2 #Hel=glvl. x| 3}e]
catalpol = WA 3}, o]k €8l &Y, A9 IR
3 &%, dFAA &% (anti-anoxia effect) s} 9
A E5o] FAFHA. ooz Ao F2
TEw 894, WA, WA, AgaA et
AA FollA HgFEA oA B eE
el 5t

I3 aucubin B-glycosidasest Ak E3]E
58 AAAAANAA S SAAFHHAAE AstR
v}, Aucubin®} &A albuminell B-glycosidase?] -
ol w2} aucubigenin-albumin adduct A A=
7F =l ol A3l A AW B
g oEA o s AgE B3 549 s
Mg g v F o2 st FASLHAA AA
9] FBsAE sAY duiHdez AseAE 1Y
60g/kge 397 w2 Fodgl Ad} oW BaRL
I Abte] G AoE FEe FAe] o A
o7 AtmHrh e RS 250 A el
A FEE7] W Fol g 2 gle] Akl
A Tl va Fort SuHEY shesh Rk
M7 Ao uishAa.
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