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Effect of ginsenosides on the desflurane modulation in the recombinant serotonin type 3A
receptor expressed in Xenopus laevis oocytes

Seung-Ho Choi'?, Mi Kyeong Kim®, Bon Nyeo Koo', and Kyeong Tae Min"?

'Department of Anesthesiology and Pain Medicine, Yonsei University Health System, Seoul, *Research Institute of Anesthesia and Pain,
Yonsei University, 3Deparcment of Anesthesiology and Pain Medicine, Kyung Hee University College of Medicine, Seoul, Korea

Background: Postoperative nausea and vomiting (PONV) is the most frequent and discomforting side effect following general

anesthesia.

Most volatile anesthetics have a potent effect on serotonin (5-hydroxydtryptamine, 5-HT) type 3 receptor mediating

PONYV, and their antagonists have been currently used effectively to prevent and/or reduce the incidence and severity of PONV.
The authors reported previously that ginsenosides have inhibitory effect on 5-HTsa receptor. In this study we intended to elucidate
the inhibitory effect of ginsenosides on the potentiated 5-HT3a receptor by desflurane.

Methods:

After in vitro transcription of the recombinant mouse 5-HTsa receptor in the Xenopus laevis oocyte, we examined

the effects of ginsenosides (g-Rbl, g-Rgl, g-Rd, g-Rg2) as well as ginsenoside metabolite, compound K on the modulation of
desflurane by measuring currents flowing through 5-HTsa receptor using two-electrode voltage clamp technique.
Results: Although normalized inhibitory responses of ginsenosides were same regardless of desflurane, some ginsenosides such
as g-Rd, g-Rg2, and g-Rgl showed potential inhibition to the enhanced 5-HT induced current of 5-HTsa receptor by desflurane.
Conclusions: Although ginsenosides have substantial inhibitory effect on 5-HT3a receptor, the effects of ginsenoside on potentia-
tion by desflurane of 5-HT induced current via recombinant SHT3a receptor may depend on the types of ginsenoside, which suggest-

ing that ginsenoside might have an antagonistic action to nausea and vomiting associated with volatile anesthetics.
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I eI &597HA 3009 7RA] ool ihAkEd o] WA
Fl9lom, F=xFHoF 20(S)-panaxadiol (PD)Z} 20(S)-panaxatriol
(PT)Z =ZA W™ o] F ginsenoside-Rbl (g-Rb1)T} ginse-
noside-Rg1 (g—Rgl)Ol z+zy 743k {’%’.‘E_U%(Fig. 1) ginsenosidef’/]
F5oll e} gl okel2hgol Y& Aoz A Uil

5-HT; 48|+ ligand-gated ion channel (LGIC) AlE5-2o2
A] nicotinic acetylcholine (nACh), glycine %!
acid (GABA,) &A%k F2H o2 A4S = ekl
5-HT; T8 3 9 22 AZRA dfstA EAlste

¥ -aminobutyric
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53], ¥ ®l olg|F(area postrema)el] ERst= o] &
A derewely Ak = wAlsle 79, 72 2
Aol dgte] glow[3], o] F&AS] AAl= IFHE
ulx & B oozl FAHE Fof] WA E 7o, FE
Aol Ao A 53], IUA FAvHAE
el Aol wlel 5-HT; F&Aloll 3 FR #go] T8l
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20 (S)-protopanaxadiols (PD)

20 (S)-protopanaxatriols (PT)

Ginsenoside R1 R2 R3 Ginsenoside  R1 R2 R3

Rb1 gle-glc H gle-glc Re H -O-glc-rha  glc

Rb2 gle-glc H glc-ara (p) Rf H -O-glcglc H

Rc glc-glc H dglc-ara (f) Rb1 H -O-glc-rtha  H

Rd glc-glc H glc Rb2 H -O-glc H

Rg3 glc-glc H H Rh1 H -O-glc H

Rh2 glc H H
Glc = glucose, are (p) = arabinose in pyranose form, Fig. 1. Structures of the common
= ara (f) = arabinose in furanoseform, rha = rhamnose ginsenosides.
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o] A5-2Hs5,6] WO Z 5HTs TEA19 s
A7 T AdE AJPetdrt. Mouse 5-HTsa receptor
cDNA (Dr. Jay Yang, Columbia Univ. NY, USA A|F)E
Xenopus oocyte express vector [pCR-Script SK(+)]ell subclon-
ing A17]3 Sal T DNA AHEEE o] &3te] DNAZ A3
3lek t}& T3 RNA polymerase (Message Machine, Ambion,
TX, USA)E A-83lo] cRNAE 489 tl. Xenopus laevis
EHE oocyted] F5 W & 7% FEAdaEHd
3)9] 4590 d9ler 0.15% 3-p-aminobenzoic acid®} cold
immersion® 2 wlHE 3 oS MEES E3lo] oocytesE

odgit}. Stage V-VIol 3MFst= ocytesE =2F <F 50 ngol
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Broomall, PA, USA)E o]&sle] Fsldom] 18°Coll4] 48—
96A17F vk = A7 ARE Algsladct o] oocyte
£ plexiglass recording chamber (2F 300 ol £33 1.8 mM
Cca** frog Ringer’s (FR) solution (ZAJAl & mM: 115 NaCl, 2
KCl, 1.3 Na;HPO,, 1.8 CaCly; pH 7.4)& 2% 3—7 mle] &
o g Jietelel. F FelASe A A7+ 3 M KA
£H5 AY 1-3 MQ o]l &E 3}tk Oocyte Clamp (OC
725C, Warner Instruments, Hamden, CT, USA)E o]-&3}o]
=50 mve] AuAskslolA AYE sAom 02 pA o
A ZIAAF7F = oocytes Ao ALstA] gkgir)
100% AHA&E BEok 200 mle 2o 2 desflurane 7|37 S
%-35}o] infrared concentration analyzerd Edto] 6 B 12
vol%E Held fel¥uwie FR &85 3087 71 E3AA
th 5-HTsa T2AE 538 5-HTO 93 fE=& HdAF
(Isur)9} o]oll T3t ginsenoside (1—100 «M)yol] 2] ZA =
< HAWNAFCGura) s F8371 S13A o] ATl A9
5-HTgcs0Q] 1 #ME A8, desflurane Aol A= des-
fluraneo| E3}E FR &H& 287 w2l #73 & 5-HTec
ol 03 uMe AHE3lod desfluranel] oJ3l] HX1H oA+
(liessum)} desflurane@} ginsenoside”} 37 X2l 9)-& ui<l
HNA FLeysamemy s SH3FACE 5-HTS} ginsenoside= <F
10—302 F<F HdAF7E vebd wi7bA] Folsigict. 4
AT A, Foll 5-HTeos ©]&3te] 71$X]7} 355
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AS salsigon], o4 oFEe] Tolm Q4 TN
WA ekl AEAE 0% ol NBHE AL B
sholck A¥ZE 53029 3877 &5t 5-HTS
ginsenosidet= Clampex v 5.7 (Axon Instruments, Burlingame,
CA, USA) ZZa#g o]&3sle] computer 5 Astoll mini-
ature solenoid valve (LFAA series, Westbrook, CT, USA)E &
sto] Eofelgleh. o valves] §9 WEAZHE 052t
Desfluranee] 5-HTsx F8-Alloll diste] Aol gt
ginsenosides®] AIE EQlslr] &, WA tAEd F
PD, PT &el¢] 7P ®2 &5l g-Rb1# g-Rgl 223 com-
pound KE desflurane 6 2 12 vol%oll tgh ¥h-g-& #2319
o, o]olA] 5-HTsy F&Alol gk AAZgo] 7 W
g-Rg29} g-Rdo| desflurane 12 vol%oll gk k-5 sl

ro i e

Is.HT/des | 5-HT/des/gin

ls.HT 5-HT/gin

Fig. 2. Schematic diagram of calculating the degree of ginsenoside
inhibition to desflurane enhancement in 5-HT3a receptors. The cur-
rent difference (b — a) of the inhibited currents in presence (b)
and absence (a) of desflurane; positive values mean that ginseno-
side has potential inhibition to desflurane’s enhancement of 5-HT
induced currents in 5-HTsa receptor and zero or negative value
mean that inhibition of IS-HT/des/gin Compared from IS-HT/des is not
contributed by ginsenoside.

AAZANALEA, B, B FREAo] di
methyl sulfoxide (DMSO)Z 5% 2w DMS09 HUlsE+=
001% (vjv)olslZ 5-HTsx F&Alell <d3Fe w|XA] k=5
slolom 5-HTsa T8l 3t ginsenoside®] ##ke] A¥
o= 1—100 M=, desfluraneoll tH3t ginsenosided] JI}&E
A3t Adel= 100 uMe AEssich Al A& =
& AdFehA gksker Sigma Co (St. Louis, MO, USA)ellA]
THstadct

AFEA = FA

Isur, Lsumjgn, Isomdes IsHmdesen o HNAT 7+ HlaE
normalized response® UEFH O whokol] 5.HTs, =&l 4]
desflurane®] 712 g0l u]X] = ginsenoside®] 2F-g-o] v,
Fig. 20l E=AH o0& FAE vl 2] Isnmue®t Lumcyen
2ol (b, Ismmides-Tsumideyein) St Isar2t Ismmgin XF0l(a, Ismr-Tsmmein)
o] ARl olb — a)E desflurane®] 712 -Gofl tht
ginsenoside®] ZHHQ AAZ7| 2 Adsdct. e FAHA=
HAFE 7Fson, AT + FFeAE F7)8Sh
EAE FAFE 0052 7|FCR sto] thFH|aEE ANOVA
with Bonferroni t-test S Kruskal-Wallis one way ANOVA

on ranks with Dunn’s multiple comparisong A]2§3}Ac}.

]

at

5-HT;a cRNAE FY3 oocytes= S5-HToll &3l inward
currentsE W1 HHH, o] FHAE FYUBA AT oocytes
+ 5-HTell thslo] obfdl Hbg-& HolA ¢kgkom(data not
shown) specific antagonist® ©o]-&3}o] 5-HT:x 4|45 &

lskieHe6).

5-HT3s receptors & 5-HT FEAFIsur)ol whd

ginsenoside(Is.utjin) ] normalized response

Ginsenosides®} compound K (c-k)&= HTEL]EZHOZ 5-HTs,
FEAE 53 S-HT FEAFE dAlslkslen A 71
Ho g 355 9rhdata not shown). g-Rg2, g-Rd, ck7} &
ginsenosideol] H3l Isgr ol i3l S Hol A|Zrh(Table 1).

Table 1. Normalized Response (%) of Various Ginsenosides to 5-HTgcso, 1 #M, Induced Current

Panaxatriol fraction

Panaxadiol fraction

c-k
g-Rgl g-Re g-Rg2 g-Rd g-Rbl g-Re
1 uM 100.8 + 2.0 948 + 3.0 98.0 + 3.6 943 + 3.0 992 + 1.8 9.8 + 1.1 99.8 + 1.5
10 uM 89.6 = 1.4 84.0 + 3.1 714 + 43 785 + 247 91.7 + 2.0 882 + 2.4 726 + 2.1V
100 uM 534 + 35 475 + 3.6 282 + 38" 383 + 1.5 63.0 * 45 532 + 6.7 400 + 247

9p < 005, vs. g-Rbl, PP < 0.005 vs. g-Rbl, ANOVA and multiple comparison with Bonferroni t-test were performed. Each value was
expressed as mean and SEM from 6 oocytes. g-: ginsenoside, c-k: compound k.
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5-HTsa ‘/;:‘g‘i'“q]}"] 5-HT '?r—‘-:— X\_%[IS-HT(ECSO)]QI "«H‘:‘}
desflurane [(Is.arecoyeesl®] A28

Desflurane 6 vol%2} 12 vol%v EEEHCZE Lsurec
Z 416 £ 55% (n = 24)%F 109.6 = 15.7% (n = 20) A A
ZAth(Fig. 3).

5-HT:;a F&AAA desfluraned] 3R zHgo wjx&
ginsenosides®] 3 3k

gRbl, gRgl, c-ke Lumeco2t 6 B 12 vol% desflurane
Y eyl skl QAIE sFl o), o]& ginseno-
sidesZt¥} desflurane §-F1} FTEol wWE ol §lorh
gRg2%} gRdE Lsumeesoll THF A= desflurane] -3l
upzl xpo]7b LbA] ¢kokAIME g-Rbl, g-Rgl, c-kiths AAIE

250
200

150 2

(%)

100

50

Des 6 vol% Des 12 vol%

Fig. 3. Anesthetic modulation of 5-HTgcy induced currents in
SHT3a receptor. Desflurane 6 (left bar) and 12 (right bar) vol%
enhanced the 5-HTeczo induced currents concentration dependently.
“From Bonferroni t-test vs. 12 vol% desflurane, P < 0.05. Data
were expressed as mean and SEM from 20—34 oocytes.
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tro] AlZoH(Table 2). LU} ginsenoside”} desflurane®] ¥
Aol gt A£HQ AABEE WY 5 Fig 2 &) gin-
senoside®] F-Foll webAl, desfluraned] & =0l we}A ginse-
nosides AAE AU A v|AA ke AR Ak
A5 HEdl, Table 28] Z3}ol wle} desflurane 12 vol%
of gt 33 5-HTa FTEA 7B 2 JAE Kol
gRg2%t gRIE F7HH o & g wlol]l osld, g-Rd7b
desflurane 12 vol%oll that 5-HT:a 249 dAS 714 =
Al QAAZAR FAFCZ kit Xo|7} whok(Fig. 4).
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Fig. 4. Calculated currents of ginsenoside contribution to des-
flurane’s enhancement of 5-HT induced current in 5-HTsa receptor.
Under 6 vol% desflurane, One Way ANOVA with Bonferroni
t-test was performed among g-Rgl, g-Rbl, and ck, “g-Rbl vs
g-Rgl, P < 0.05. and under 12 vol% desflurane, Kruskal- Wallis
One Way ANOVA on Ranks with Dunn’s multiple comparison
was performed among g-Rgl, g-Rbl, ck, g-Rg2, and g-Rd. g-Rd
vs. ¢c-k, P < 0.05. Bars are mean and SEM from 5—7 oocytes.
See the text and Fig. 2 in the Material and Methods section.

Table 2. Normalized Inhibitory Responses (%) of Various Ginsenosides in Presence or Absence of Desflurane on 5-HTgcz, 0.3 #M Induced

Currents in 5-HT3s Receptor

g-Rbl c-k g-Rgl g-Rd g-Rg2
Desflurane 287 + 6.9 423 + 33 469 + 3.0 ND ND
6 vol%" (n = 6) (n =6 (n=75)

Desflurane 345 + 1.6 320 + 52 334 + 58 539 + 3.3 53.9 + 47°
12 vol%® (n = 6) ( = 6) ( = 6) ( = 6) ( = 6)
Without 374 + 54 36.1 = 4.0 416 * 35 589 + 1.9Y 612 + 4.1°
desflurane” (n = 6) (n = 6) (n = 6) (n = 6) (n = 6)

ANOVA with Bonferroni t-tests were performed. 9<0.05 vs. g-Rbl, g-Rgl, and c-k. There were no statistical significances among des-
flurane 6 and 12 vol% and without desflurane. Values are expressed as mean and SEM. ND: not determined. g-: ginsenoside, c-k: com-

pound k. Normalized inhibitory responses of * and °
Isar@c2oyginf/Isur X100 (%), respectively. See the text in detail.

were taken from the formulas of IS—HT(EC20)/des/gin/I—HT(EC20)/des

x100 (%) and
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V]

il

B A FAEL propofolZh= 22 desfluraneZh(m] Z7HE ol
T77}) halothane>[7] 5-HTsx T&Aloll thsle] &FA7|&=
ai7b g BEIch =3 PD, PT Al¥S gRbl,
g-Rgl ginsenoside™ o] TEAE AAA o ZH FHA| A
o} AAmpH F WA= Fo, FE oW, X EAZ
e 7hsAE oln] AARE vb k5] 2 FnkH Al
5-HT3n 84 51288l 34 ginsenoside?} A AZH-E-&
Hol&= A+ &4 & »ivt ek 7189 A7 7eH8] vl
ATV Z desfluraneS 550l oJEXH 0 E 5-HTia TEAE
R A ZchFig. 3)(6 vol% 41.6%, 12 vol% 109.6%). L&}
B AFolA sevoflurane®] 75 o] FEAE AAAH =
Haohg] 2l A W& ZefstA gokrhdata not shown).
B of o]l =A}El ginsenosides (g-Rbl, g-Rd, g-Re, g-Rgl,
g-Re, g-Rg2)< EF %o vl#lsle] (1—100 «M) IsurEcso
£ JAAFH o, dA] JE+= ginsenoside?] Fioll whel %}
o7} YA gRg28} g-Rd+= thE ginsenosideol] B3l o] <A
Al ZcH(Table 1). Desflurane®] X A&¥E Hr} §8§%o=F
A7) YA 5-HTeco? 03 1M A3l =4l g-Rbl, gRel,
a2]3 g-Rb19] AW AR compound K (100 #M)
F Luecopess AAABA, 22 Lsurecooyes, Isareell
g £F3HE oAl A E(normalized response)Z  H] 3
zko]7h A= QESktK(Table 2)(P > 0.05). Ismrecsoll tH3l
H ZEe dA ZAES HIW gRd9t gR2E desflurane
Fioll BAlglo] k2 ginsenosides Hrh A FEE ZA
wHP < 0.05), olE HWHAFZE 7+l normalized response]
Hl o]l o]s}l RE ginsenoside s> desflurane®] %ol o
3 Z) gle AeE HY 4 glrh(Table 2). Fig. 20 =
Aggt A 7ol Lmecaopues2t Isarecnoll tske] ginseno-
side7} 247 AAA71 =719 b9} a9l Xol7} desfluraned]
FAHZol| Uit ginsenoside?] Ao F-E HeelA AT
. o] Zko] +U4E ginsenosider= desflurane©] 5-HTs
TEAe] FRlell gk Aol ke A e, 0
ol —zk& B 7%, ginsenosider 5-HTsx &l o
3l AAEEo] glot o] ARG desfluraneol] <J3F 3
AAZolls obfrdl Qg HolA Xale A 9u|dit)
Fig. 4ol X9l u}e} 7ol desflurane 6 vol%| H & I=
g-Rgl®] compound Kell H|3l| AAE vl Wo| A|Zrh106 +
26 nA vs 283 £ 222 nA, P < 0.05). Z&} 12 vol%el ¢
3k 341 Al g-Rglel g-Rb1F} xpolzh vpA] gk 73,
g-Rglo] 6 vol% desfluraneoll ] HErt} 12 vol% desflurane|
gt AL EAIA Aele flRARE 238 FAaEIW
AL ol e A}l o] ginsenoside= LGICel] thgh

=]
-

685

4871 Me] YN AR AT 4L T F AT A
A% 5 QrHs) w3 SHT S84l distel sHTS] 2

Astell gk A A-Eo] 7h ZHHAW g-RAS} g-Rg2E
Isrmecaoyaes® Tsareco) Aok AHAll ot A1 == Xpo]7}
Al kA (Table 2, g-Rd: 539 + 3.3%, 589 + 19% 9
g-Rg2: 539 + 47%, 612 + 4.1%), 12 vol% desflurane2] &%
o 3l g-Rdx= thE ginsenoside Kt} & HAE A|ZA
EAHLZ compound K9 XFo|7} whrh(P < 0.05)(260 + 49
nA). Desflurane®] &-7loll tt ginsenosided] JA= FA1H
ol Zoli= glvieks PDAIG] gRd7} PT AlH9 gRg2 B
ok ] wol A7l Z1X 5-HTell 93t 5-HT:a T&4¢ &4
o thgt A= PT A2l ginsenoside’} PD Al 2] ginse-
nosidelLth T Al A7 o)A AFehE([5] vha AolE
Hadch g-Rg2¢}t gRb1C] A% 27 desflurane 12 vol%} 6
vol%oll Tt A5 27 144 nA, 106 nA THF Ao
24 5-HTia FEAol 3t desflurane] 37120l ths}o]
AAZEE AL, 5-HTaa T&19] 243}l sl A
Zhgo] FEle}9 Y compound Ki= desflurane®] 3H71%-goll
Jeko] A9 glw AL oele] AIZ ginsenoside?] des-
fluraneol] tHeF 34| 2F-8-& ginsenoside®] 2] <Fe]2&
o] k& F Ae& AR aHY B AgellA desflurane
6 vol%oll A g-Rd¥} g-Rg29] EIE HHsEA XL, ginse-
nosideS-©] desflurane?] %ol wal A2 o7} Ve A
ot 7145 ¥helAl X3 AL obql FEoz, Hep W
ek Aol Eqle] a3 Aow AzE

2 PFel groyEty} vl FollA oFAE AgEo] & 9l
Aol FelAEEE FE ot ARl ginsenosideol] <] 3l

10 T o
veh 53, SFAA4A, ALRA, WA, dg4A S

of gt okel#t&o] FHE I el LE5E7HA 3001 7}
A o]4e] ginsenoside’} WF , TZAoF
PDS} PTE U™ (Fig. 1) ginsenosideE < 5%(3F) v 3L
ol ofelAgeol Hu Hcoh YeElE 5-HTs TEAWel
g-Rg32 Zg Ho7l &gl B389 3[9] ginsenoside
o] o] Aol whE ofelnh-go] &pe]7H10] Wkrh. 5-HTs &
AE 58 5-HT ¥ olJz} desflurane®] gZloll Wt ginse-
noside®] A= PT AlQ9 g-Rg27t 7H4 7AW A=
ginsenoside®] S}¥HH FA 9 Fiel wel F
g o, FE oMl e XEAZA FE3
AlARgke s B dollA =AE BE ginsenosides S
5-HT 559} ZHAIglo] (EC20 vs. EC50) o] F=gAlol] th¥
AAR =7} Apol7h A YW A= 2l PDAIES] A
W dAE 100 M 5-HTeco Hrh
5-HTeeso®] 2ol JAE o ®Wel 3k3lrh60.0 + 58% vs.
36.1 = 4.0%). o]+ °oh}% oocyte®] 7} H1 AZ &
oocyte batcholl 7]1st1E& M A E WAY 71 et

ok

compound K
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Ginsenoside”} nicotinic Ach (nACh) G=£4|[11], GABAA
FEA12,13] 53} 7o) 5-HT; FEAH59,14] F24 ¥
Fo] W 72 ligand gated ion channel (LGIC)ol] i3t
8o olul A7 A woz 9=zt
gRQ2E @384 v a B 0 e o] H A (heteromer)] nACh
FEA= A7 FA A (homomer)Ql @7 nACh
SAE AN A G AT HIE(11,15] LGICH] £
Froll wheh FdvkHAe] =428l il ginsenoside”} Tk

R & ginsenoside
X %t OH 7} A2Z=+9] cholester-
P%ﬁ]—ﬂb}[lﬂ ZH|Zol= F29] ginsenoside”}
Alzeke] AAA EelF Aol wX+= WH3kE(17] gRd,
gRg2, ck 5°| desfluraneo] H#l] JA|ZLo= FLE 7]
Ao] ZgsATA B AFellA s 3 + glrh
B AFAE2 5-HT:a 5849 pre-transmembrane domain
-/] mutagenesisE &3k ATAT o AA F =)
desflurane¥} propofol> A2 2Fg K97l o5& AAsIY
=tl, ginsenosideEE desflurane 2t} EA=Z7]7F & sevo-
fluraneo| U} propofold} 7te] 5-HTs;y 2ol dlgh ex12-4
o] A GIAY 23|z A &8-S HQl wpHAl=8] o
AFEg A &g 7heAel s Aolth

AN} ARF o] whsls 7o, TEE 5HDw 58
A JALgo] X B8AE AL U=dl[18] ginsenosider
5-HTOll &3k 5-HT:a 249 249 dA 3 oYz}, gin-
senoside, 53], g-Rgd desfluraneol] &J3F o] 48] Al
ol st JA|#tgo] Zict

norfu
=
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