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BrE BTz BRBEBNEESBRB K D EAKRER
&+ P abib ) S a-cyprinol sulfate » £ @2 A% ¥ &8+ PHP-LH-20 #u
silica gel HAEF B A 4Ltk REBHE LY SRR EHEREER%L -
U TFRMES  BuLameustith FT-R) - £&F (H) A-13
(°C) iR HA (NMR) fo KK (MS) 26294 » EREA Sa
~cyprinol sulfate 2z 4-F X % CoyHysSOs » 5F& 532 A X SREH AU S
a -cyprinol sulfate 774 -

B A B se ke B Ak (HPLC) f 4 EE G B 2 5 ik » AU
ODS i & B2 » BH 4 # 0.3 % ammonium carbonate/ acetonitrile (73: 27,
v/v) 10min—(68: 32) 10min—(50: 50) 10min » Bp < 4% 14 FEAEEL ~ BB B Ao
MBS AR ER B8 -3 - . F deoxycholic acid #v glycodeocholic acid & % 18 4-4%
B5 B B i 0 42 % 2% 4544 buffer 0.3 % ammonium carbonate/ acetonitrile
(73:27,vv) P T B4 sb MAEMER R o - L3R4 4 B EBM T > &L HPLC
FiaEp B B ERSSE o dfoe g1+ 5a-cyprinol
sulfate 2 & F A8 - RBBDPRHEARBL2FX 94 %L 0l e 8
g % 12 MM P REEE RS A tauocholic acid Fo
taurochenodeoxycholic acid » Mm% &+ PRER £ & &4 & cholic acid #v
taurocholic acid - (R ¥ & fvge B85 B 2B T P& R H S a-cyprinol
sulfate » G F M BB £ £ i A glycolithocholic acid F»
taurocholic acid - 78 J& ¥ £ 4% i+ s 4o & taurochenodeoxycholic acid ~ cholic

acid Fu ursodeoxycholic acid -

Z4%a 5a-cyprinol sulfate 2 M > AU FERALEAERELK



(0.6ml) ~ # & &+ (100 mg/ 0.6ml) «~ 5¢ -cyprinol sulfate (100 mg/ 0.6ml)
butanol extract (100 mg/ 0.6ml) = 5 o -cyprinol (100 mg/ 0.6ml) » 6 854 >

BRE & BT ~ butanol extract ~ 5 @ -cyprinol % 5 ¢ -cyprinol sulfate 41 %
A F &+ BUN #o creatinine 5% + # (P<0.05) » B Rax s

Rt LB Ehi s -2 5 a-cyprinol 2 28 > AAMBABE
AﬁﬁmﬂT*i%&’@ﬁSaﬂMMﬂziﬁm%?%%%’ﬁﬁﬁ%
9 5 a-cyprinol sulfate 2 %45 B 5 7 2 AF R A Bk -

BT : B -®mé Bt Bl BED



3 X4 E (Abstract)

To elucidate the responsible toxic components in the bile juice of grass carp,
the bile alcohol salt from grass carp bile juice was purified and identified. By
IR » '"H-NMR, “C-NMR and MS spectrometry analyses, a compound with

molecular formula of C,;H4803 and molecular weight of 532 was obtained

from grass carp bile juice and identified as 5 a -cyprinol sulfate.

In the meantime, the determination method for bile acids in fish bile juices
was developed. It was found that high performance liquid chromatography
(HPLC), with a reversed ODS column and a buffer system of 0.3 % ammonium

carbonate/ acetonitrite (73: 27, v/v) 10min—(68: 32) 10min—>(50: 50) 10min,

clearly separated 14 bile acids. Among them, deoxycholic acid and
glycodeoxycholic acid appeared at the same time. These two components were
further separated by using other buffer 0.3 % ammonium carbonate/ acetonitrite
(73: 27, v/v). Based on the analyses of above HPLC method, 14 samples of bile
juices obtained from 14 fish species were determined. It was found that the

major component of bile juices was 5 a -cyprinol sulfate for grass carp

(Ctenopharyngodon idellus) and common carp (Cyprinus carpio). The bile
juices of rainbow trout (Bodianus oxycephalus), rock trout (Salmo salar),
japanese eel (dnguilla japonica), spanish mackerel (dixos maru), right eyed
flounder (Pleuronectes cornutus), rudder fish (Girella punctata), black scraper
(Thamnaconus modestus), tongue sole (Paraplagusia bilineata), japanese jack
(Trachurus japonicus) and mackerel (Scomberomorus commerson) contained
mainly taurocholic acid and taurochenodeoxycholic acid, but that of ayu
(Plecoglossus altirelis) fish contained mainly cholic acid and taurocholic acid.
Chicken (Pectoralis major) bile juice was mainly composed of glycolithocholic

acid and taurocholic acid, but duck (4nas platyhynchos var. domestica) bile



juice was mainly inclusive of taurochenodeoxycholic acid, cholic acid and

ursodeoxycholic acid.

To compare the toxicity of 5 -cyprinol sulfate and grass carp bile juice,

the rats were separately administered with saline (0.6 ml), grass carp bile juice
(100 mg/ 0.6ml), 5 ¢ -cyprinol sulfate (100 mg/ 0.6 ml), butanol extract (100
mg/ 0.6ml) and 5 a—cyprihol (100 mg/ 0.6ml). After 6 hr, the plasma of rats
were examined. The value of BUN and creatinine in the plasma of rats treated
with grass carp bile juice, 5 a -cyprinol sulfate, butanol extract and 5 @ -cyprinol

were significantly higher than that of saline group. The function of liver was

also affected by raw bile juice and 5 ¢ -cyprinol sulfate, but not by 5 ¢ -cyprinol.

Key words : grass carp, common carp, bile juice, bile acids, bile alcohol.
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KRARMEABESRGMETEL B ROBBETESEA
£ 8~ FEEHR - 2£E 23] FA[21] ~ FH[2] - #A22]4 8 £[21]
YHREFASEAREABITMBELEINTEZES  HXE2RKASN
BREBE UREWIHFHEERTRACALKERT - RUSHETEL
(RBRPEARERIEZREFFREER  BFHRRATEHHEL
IR TR - R o

AMS T HFNE - SmBH[4-6,2010HE  EABTHARES
R BGEERTTREEER - R H[20, 25]YHHEEBETHEN
LB E AR R EERESETERCADTRENTET » &
# > pH4-12 B48E M - Chenetal [7, 8]A LBt thi#h - THE &R E
m eI AT REHE RSB > THEREZB (sodium cholate)
FEREIFI AR ME - £4 > Chen F» Kuo[9]7F 45 it - E B4 sodium
cholate » sodium deoxycholate = sodium chenodeoxycholate & 3% s £ & £ ¥
EREAFPERRBEOLRER - FARERERE BT ZHFHBANRME
FolpfE > HEBEIRKEN FHETHE  £E2L T AREREEY
XEME > PERRRRIREN  CREMER  HEFE RENRER
B EMET A 5[16] -

HREEAhEEBTREERE  RERE  RERR  jI-ANSS
REEZ R MWERARBRA > AHBBROTENE - FLEAHHR
B RMEFrmilex P HEENRAMAE > —REEGHZBETT X
BRI ERSABHBRS] mE L -EIZBETFRASCAESENESR
Sa-cyprinol [14, 15] > B sbA% B o i BEA% B 5% T 46 T W8 it 2 & k13 ° Chen
FaKuo |6 HEMEBLENTHFERALREREATFHRLBRTHE S K
MAE[OREHN THEBZ ZHFM BT AR KBHRED &5 £ABA
FRZEAMEE  ATURNAREYRALR BTRIATRE > &



RBZFERYARBBLGWR A RZER TR - EEHRAR
FRAFIRZRENETREG  RENABBAE > BASE—F2HH - B
WA ME AR A mE T2 HERCAh SRR PERH RIS
E# BAMARESTH BRAEALARAL  AARE—SEFAEES
FET PACIEEE Ry > B BN - R E BRI G QR E &M
BEZBAGY  ARASFIVGY (Lo -t -whed) Brzg
M ERERNTIHMEREREN Wk BRB TR L LSERR
BMBETFTZILE  AUBEIERZ AU A NfE g NS
B ERFIBARRZGMERRBERMUTHBIN > TRELEE
RZEFRBEEEE - REERAYE IET FACBES R » &L
R~ Xq - BEKRIGHHBET THRED RS ERN > LAY BB
TERD EMUSENRE R THRELBRTERZEAAAS HER
Bk BHBEIET BB R  BEABEESIHSHERMN .



AR Tk
(=) ##

lL.BET S R HBAKLBEEKEEREE: ¥ & grass carp
(Ctenopharyngodon idellus) » # & common carp (Cyprinus carpio) » Z F5%E
rainbow trout (Bodiamus oxycephalus) » # %, rock trout (Salmo salar) > B #
#2 Japanese eel (Anguilla japonica) » it #& spanish mackerel (4ixos maru) »
tk B & right eyed flounder (Pleuronectes cornutus)> 2. %, rudder fish (Girella
punctata) » 2 i 4¥ black scraper (Thamnaconus modestus) » # & tongue sole
(Paraplagusia bilineata) » R # Japanese jack mackerel (Trachurus
Jjaponicus) » X 3t mackerel (Scomberomorus commerson) » @ & mullet (Liza
macrolepis)> %& &. ayu fish (Plecoglossus altirelis)» ¥ ¥ % 4 8 ¥ : % chicken
(Pectoralis major) #= %8 duck (Anas platyhynchos var. domestica) » LA IR
FAFEERE > ASHLBERIET > £ -B°C THREHA L 88
TrYZERHES 1624% -

2. Sephadex LH-20 8% & Amersham Pharmacia Biotech /8 (Sweden) -

3. Silica gel ~ RP-18 (5 p m, 25 x 0.3 cm i.d.) methanol-d4 8% & Merck /2 3]
(Germary) -

4. 2 FE6 /586 R BB 8 cholic acid, deoxycholic acid, chenodeoxycholic acid,
ursodeoxycholic acid, lithocholic acid, glycocholic acid, glycodeoxycholic
acid, glycolithocholic acid, glycochenodeoxy acid, taurocholic acid,
taurolithocholic acid, taurodeoxycholic acid f= taurochenodeoxycholic acid
H+=f2ER Mk g Sigma 3 (U.S.A) - 5 5a-cyprinol v S
~cyprinol sulfate t4 &y ¥ & B TR F HI4bib P & o



(=) Fik
1. 5 -cyprinol sulfate 2 # & ¥ ik

mg,@‘ggﬁzmz%* 5g5> 1080 %8 100 ml &= kntisk > i
RSB BUAAFH 100 ml BAS =K > BASHK ¥ BB+ HFHI4
MR s s B > B E X H0/ butanol (1: 1, v/v)5%& 100 ml 38 84 ) =
sk » Bt butanol 3 Kk 0 MEA T EEMBERB -

(1) PHP-LH-20 #4x B #7

$& 5 & BE i+ 743 % butanol extract » SA/) & 90 N LEEERIEMZIE 0
H E# PHP-LH-20 &4 (20x 2cm)/g » 244 300 ml &5 50 % $2 90 % L. B2
BIP ez B 300ml &9 90 % LB RER KA TIRERBEEB(2] )

(2) Silica gel & #7

B silica gel 15 g Mg A X T > ENERZL (20x 2cm)ey F AN o B
PHP-LH-20 ##&&#2 90 %85 e ¥ &M+ F et g &
BAEY > M EMNsilicagel Frrd  BEALHER: - XRLETE
BRAER (101, vV L8 T8 - LB LB R B R AR (111, v/v) ~
RER - AFRZEGRESER (1L, vVV)FTE > 320 ml ¥ RZ > 25K
£ DB R B M SR A B B8 S a -cyprinol sulfate 2 F M LA R £ LB
BREES -



(3) ¥ &BEH%EM 5 a-cyprinol sulfate FH A2 & &

B4 & & PHP-LH-20 & silica gel &4 & #77% 2 5 a -cyprinol sulfate #3
BUH BN Z AN AR EZ R T RER > BB RmEE 80°C
WwREEDBER BABEIRTR  EABRBAEGER  BRAFE
LA REE & -

2. B & T4 5 a-cyprinol sulfate HMAbA ¥ 2 &30 2

(@) IR: B4y Smg ¥ & JE i+ 5 a -cyprinol sulfate $a{sdn 2 4 &4 > e 4 110
C BB#IRBLIBRSTEME  HHETEREHY > Béx4t IR spectrometer
(Bio-Rad FTS 155/165 Win-IR, USA)R| & > SUB] & 2 5 A & 4 2% # 4000cm™
%] 300cm™ 2 7% i 3% -

(b) 'H, PC-NMR : B ghfbz & S &+ 5 a -cyprinol sulfate 544 5 2% 30mg >
LA methanol -d4 5 #% > X NMR spectrometer (Bruker AM-300WB FT-NMR,
Germary) Bl & - AR EE FRIHE > RATH ELEEGZIME -

(c) GC-MS : v — Y & W&+ 5 a -cyprinol sulfate $a{14y 2 & &4 » B
GC-MS (Finnigan Mat TSQ-46¢c GC/MS/MS/DS, USA)Rl £ z » LR Z &£ o F
7 °

3. AHPLC Fikn# itk ~ i Ao B BEni it B

RE&EES W ZHET 0.5-1 ml Auid k3 - X 80 %z & 10ml & =k H
%OMERREGRE  AR_AFTHRIOm M= MEAGRERLE -
X 90 %z,g,% Sml 2% > #3E BN PHP-LH-20 4 (5x 2 cm) » 43
2L (1) 0.1 M acetic acid z 90 % Z. B2 5% ° (2) 0.2 M formic acid z 90 % Z. &



%k » (3) 0.3 M acetic acid-potassium acetate 2 90 % Z BEE& - 4 (DAE
BPEENSRE > QUHRBERE  Q)FaBBRBERBERY - LB H A
R w4t E (ODS column, 25x 0.3cm) ik & B & 48 & #7 4 (high
performance liquid chromatography, HPLC) %474 > #iik % 0.8ml/ min » i # &
A 0.3 % ammonium carbonate/ acetonitrile (73: 27, v/v) 10min—(68: 32)
10min—(50: 50) 10min » A Z & &k % UV 210 nm - Bp 3] 4547 14 fEMEEL -~ A&
BB fuiEBEEN B B - B 40 B ¥ 4% deoxycholic acid #Fu glycodeocholic acid &
7 18 paEE A Y - B eE B 44 buffer 0.3 % ammonium carbonate/
acetonitrile (73: 27, v/v) R| T HE —4t4-4 % 84 R][10,11,13,23] - S B &2 3r
B M BRERARBIRERESR 2530 HARERTFE A
it 05 ml HiwdEHER - REBNEEASRD  SLHEBHEAK
PHP-LH-20 #:{uffsk -~ HARBRME M Bofe SRR R E L B8 i o012 > w4 HPLC
FERELERE

4. TRASHHERIINAENTEHART DV ENBEEHAL 24 £ ]
°C» 50-60 % Aa#2 K > A A &) By BiEHI L RE: 0700-1900 & j¢ 88 17
(light peroid) » 1900-0700 % E.8% #3 (dark peroid) » 4245 12 N F &4 B 7 58 9
BE - FHREKK (ABROKBGHRYX > FX&ETFTHEFR (PMI
feeds » USA) - B8 AT— X » B2 R > ZR/RHMIBEARK » B ERH
£ OBRIFZR -MABESL  NLHEB FAFFTHEERTEA #
B BT ~ ¥ & & i+ 2 butanol extract (f§#% butanol extract) ~ 5 @ -cyprinol f= 5
a -cyprinol sulfate A & % A B » 38 6 /F » BREARE] > & LA B Ak
do o
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5. B EFEZETHRET
30 rats

|— 6 rats/ group
’

SO BT UATZIMY
y

Dose of bile juice or bile salts (mg in 0.6 ml saline)

Saline  Grass carp BuOH 5a-Cyprinol 5 @ -Cyprinol

powder extract sulfate
100 100 100 100
6 /Ejig
’
At B
’
BR o 3% Fo B R
|

E AL AR 2

1



6. MR LZARE

Wl 2 RSB HEARE a (4 | heparin)foi X E b (RAETWE) -
REadBpigBig 5% na s #4 (Cell Hematology Analyzer, DYN 500,
Sequoia-turner, U.S.A.)#] & red blood cell (RBC) - hemoglobin (Hgb) ~ white
blood cell (WBC)#v hematocrit (Het) - 3X % b i Bp A H# 7 3000 x g T3t
10 48 0 BECHRIR EE R - BPa it 0 BT 44

7. o ik Z o
(1) AST (aspartate transaminase)2 ] &€

% M Merck # 2\ 3) fie & ¢4 enzymatic kit » )& AST #9735 - RER
#] B 2-oxaloacetate $ l-aspartate &£ AST &34 /LTF » € & glutamate Fu
oxaloacetate > #; oxaloacetate 92 NADH+H'# malate dehydrogenase (MDH) %
fL4E A T A& malate 7o NAD" - NADH & 340nm % & & 89 R - @8
F4% 3 NAD'# 9% 48 15 » 4 340nm & & TR R R R E BT H
& AST &yiEk -

(1) ALT (alanine transaminase) | &

3% A Merck %8 5%\ 3] fic &l 84 enzymatic kit > B & ALT 975 - RER
#] M l-alanine %2 ¢ -keto-glutarate £ ALT #44#46F » € & glutamate Fv
pyruvate: i pyruvate $2 NADH+H 4 lactate dehydrogenase (LDH) z &4t4k
Al T % lactate fv NAD" - NADH & 340 nm £ $& % 69 R 48 - S8 F 2%
NAD"#% % o f HE 48 - 4 340 nm & T R R RAM BB E R TH & ALT
Gy 7EME -

12



(2) BUN (blood urea nitrogen) 2 J] &

% A Merck # 2 )\ 3] .8 ¢4 enzymatic kit » Bl & BUN g9 /Z2¢ - B
# A urea fv H,0 £ urease AT > # A& NH 4 CO,» M NH, &
2-oxaloacetate - NADH+H" # glutamate dehydrogenase 4 1t F # s, 1-glutamate
#a NAD"+H,0 ° £ 340nm % & F#R NADH+H' 2 R b E RS EK - BT
A4 BUNz4&E -

(4) Creatinine 2 | &

% B Merck # & /) 3] & 4 &9 enzymatic kit » 8] & creatine 894 & - R
& #| M creatine f= picric acid £ MM T > & B A& ¥ & X creatine-picrate
Z 8 A e EASIONm THEREZRE -

(5) ALP (alkaline phosphatase)x ] &

% A Merck # 2 /) 3] Bz % 49 enzymatic kit » ;3] & alkaline phosphatase #}
EM o B3 REF| A 4-nitrophenyl phosphate 2 HO 4 alkaline phosphatase 4
B T 7K ## mx, 4-nitrophenol F= phosphate > 4-nitrophenol & 405 nm F H 4 E X
B

8. BRBRZHT
(1) Urea N (urea nitrogen)

A RAERE 10 154% > R F - AL f BUN RIZ 7R -
(2) Creatinine

AR 10 274 > REE » AR F creatinine ] 2 F k4R

13



9. &3t o
B3 % 2 ¥ H# (analysis of variance procedure) 8] 3 & ¥ 5& 41 4]

REFER EHLZBEBUSF K % ¥5A5 (Duncan’s new multiple range
test) & — 3% 5-#7[24] -

14



X
1. & &8+ ¥ %L 5 a -cyprinol sulfate FibA 2kt E

& PHP-LH-20 #u silica gel AT AR LA BEEHZ Sa
-cyprinol sulfate #8414 » R4 oA FT-IR)RIE 2 o34 R4 Fig. 1 A7
o 830 T 4o 5 ik $ 3400-3700 e & B A oM 0 Rk #2930 em” A
C-H stretch 9 s g4 4 B » s 3 1060 ~ 1040 ~ 1020 + 980 #v 890 cm™ A & %
BME > LB ISR E R R4 T st ' B F allocholic acid nucleus &y4F1% -
12k #1700 cm™ $8F C=0 Az Bk > A AHEEE T2 HMILS
AR AR - % AR 1210~ 840 cm’ BABEARZ B 0 I
£ g2 Mohri et al. [21]% 48 ]

B M ALA 1T 2 4 B8 @5 99.8 % methanol-d4 - £ 300 MHz
T AT R 2 SR T AR AL 3R A3 4o Fig. 2 AroR 7T 2o 262424 0.0-2.5 ppm
 BAFAREABRERRTFIREME > HILERO-RERE > ThHE ST
L S a-cyprinol sulfate 2 FHALSMASEBEBRE L2 AR FRESL =T
> B P ib 244 0.70 ppm & 0.79 ppm 2 2 singlet 4k 85 a L b — & i
REBHEFEFREERTZRWE > EHEAZBAR T BRERIR
E+ABHEAETAEHEZEEFRI - B c BRoEmrn 0.98 ppm - K
RO GBRABTHRIELSHFZBAR T LREHa -bRRWERR -
BorEATREABR FXREE > B c & double 2 RiE > 4R spin-spin
splitting (m+1)#2 8] > T4 c BB —BRHEAHETFHRERR FRYCEF - L=k -
33-40 ppm HEB PSR AR L2 AR TFTIRE » HILERSRERE
TR TEBAL RREdRERTERE=ZBIRTFHRY - £ 3.54
ppm Z &Y e 0 23R, doublet HKk 0 RoRAvib o5 KA AR 6 R = BE 0
e RUWEZH I RABKERER TFHE > Bt e RESZLGFEAR

15



F o 4R 3.77 ppm Z singlet IR B ¥ £ ik EREL BT IREEH—
BEEF AT AL—RBERLZ R FXREKE - RIE R h 53
2% 3.92 ppm & 3.96 ppm > % singlet KR 3% > o EBETg-h=—RI%F
LA E—BEREF Hitgh FAS-_RERAH 2 EEFZRI M 4.87
ppm AE R Z R o

A BUR T Hmk 445 bR (H-NMR) 2050 3 608 i+ 2 HE 87 8 A 60
Thomrshibt B2 S ROF AT RAURZBELRE  FRESHASR
BREZGHE2 FRA ; BARN AL EA-_REANRRE—REE
HAESBAZHEERRTFHARLE L  FopAzg t RRFHHEL=T
NGB —E S At ANBEET -

BEBT P RMEEZHHILA e B @5-13 Bab ik AR
(PC-NMR)RI R » 4o 5-13 Bimk 4R J3tdo Fig. 3 A% o £ P BaA
48.2 ppm BT Z%-13 Rk Bt E ML ASM RSB AE 2 RIK > 48.5-50.0
ppm A AR F a5 B F 2RI > 63.0-74.0 ppm Z E X BUE » IR KRE &
EAHREBILAOM ESABARZRK - BB X &5 R FRIKZ/EEM
# (chemical shift)#& Asakawa et al. [1]#7 8 % 2 5 a -cyprinol # “C-NMR #
BAHR > &R Tablel fiw - BrmA&ERAL > BLBERATZES
hRE S+ CtERRTZIME -

B BET ¥ 2 BEBLSMELHE L HHER MS)ke Fig 4 Aix
BrHEETFRES 532(mEz)- Bibés4s MS-NMR fu IR £ #t2 L 28
EaFRXAB CyHeSO;s * 44 w8 OH AR —EF MR EES - L4385
AL B B 8% 2 5 a -cyprinol sulfate o

16



2. XX HPLC Fi:n#rhksk - R BRI EE S
S B B ~ BB B BB o S B R BE BB 2 %4> 14 XX B Sigma /) 3] #% § X cholic

acid, deoxycholic acid, chenodeoxycholic acid, ursodeoxycholic acid,
lithocholic acid, glycocholic acid, glycolithocholicacid, glycochenodeoxy acid,

taurocholic acid, taurolithocholic acid, taurodeoxycholic acid #u
taurochenodeoxycholic acid ¥+ =M EEE B b L 5 S IEELAEL B 4h
Fdy 49 F ik 4bAb > s HPLC 824 UV detector &4 3k - % Mgt 8
A 5% T-COOH A72k 200nm F 3L 6 R AST > RIMAR S KB AR &
WRBER - ER B ERs BB A UV ERk2 %% (Fig 5) %31 UV 190 nm
RERE  HETHELRA > BbARKEREE  BE - BHRBNE
B LR BB 2 A R AL F SA B 210 nm 2 & 38 F o B b A HF 5 75 2L UV 210 nm
ARk o BA HPLC S48 - BB BEEASB2BET » £
Hypersil phenyl column (25 x 0.3 ¢cm)f» Merck ODS column (25 x 0.3 cm)4%-
# > 45 42L& ODS column 24#7 A7 45 2 & R 84% » B st A28 473 24 ODS column
BoWERE - Bk {ABHHER - BRBPBEGRERB AN > 57
buffer ¥4 0.3 % ammonium carbonate/ acetonitrile (73: 27, v/v) 10min—(68: 32)
10min—>(50: 50) 10min » Bp < 4% 14 #EREEE - BB Bfo S Bim B 58k - 2
H + deoxycholic acid #$= glycodeoxycholic acid &4 18 H4grfRE st B
BLE i 4% 4% buffer 0.3 % ammonium carbonate/ acetonitrile (73: 27, v/v) 8|+
& ot RFERER A5 ° o Figs. 6-7 AT - 14 1068 - BB B EisiBL B8
(2.5-32ug Y@l L3 HPLC #1431 € > 13405 & 54 4o Table 2:
ursodeoxycholic acid, Y= 0.08535X+ 0.04948 (r= 0.99594) ; cholic acid, Y=
0.08752X -0.03372 (r= 0.99450) ; chenodeoxycholic acid, Y= 0.11113X

-0.43268 (= 0.99848) ; deoxycholic acid, Y= 0.08681X +0.08770 (r= 0.99554) ;
lithocholic acid, Y= 0.09952X -0.20032 (r= 0.99547 ; glycocholic acid, Y=

17



1.17443X -1.15603 (r= 0.99367) ; glycochenodeoxycholic acid, Y= 0.78870X
-0.73754 (r= 0.99319) ; glycodeoxycholic acid, Y= 1.02115X -0.87664 (r=
0.99434) ; glycolithocholic acid, Y= 1.15806X -0.5152 (r= 0.99471) ;
taurocholic acid, Y= 0.62856X -0.7696 (r= 0.99560) ; taurochenodeoxycholic
acid, Y= 0.59444X -0.84724 (r= 0.99509) ; taurodeoxycholic acid, Y=
0.76263X -1.01000 (r= 0.99451) ; taurolithocholic acid, Y= 0.64853X -0.53172
(r= 0.99250) ; cyprinol sulfate, Y= 39.1271X -0.26439 (r= 0.99920) [(Y)=:k &
@ X -ERBERABRBYE (SR AR BB
R Bl essi B HPLC 547 » RER UV R EH ZE K M4 > 48
W14 8354 099 ;L E -

#IA L HPLC ia R iEst - BB BB B o & A THELE
Z 22 EMAKE R 8] 4 %] % cholic acid 24.0 4 g, deoxycholic acid 23.0
© g, chenodeoxycholic acid 23.0 p g, ursodeoxycholic acid 24.0 yu g,
lithocholic acid 23.0 u g, glycocholic acid 3.0 g, glycolithocholicacid 2.5
1 g, glycochenodeoxy acid 4.0 u g, glycodeoxycholic acid 3.0 ¢ g, taurocholic
acid 4.5 u g, taurolithocholic acid 4.0 ¢ g, taurodeoxycholic acid 4.0 u g,
taurochenodeoxycholic acid 5.5 ;g - B A T Fo F B T Hm B FENEEE ~
JEEL B JERR AN BLE > R L B4k 1 1% oA PHP-LH-20 #hAbA 8k - H AR BRAREL
Bofo 4 ag LR R B B 274 0 A HPLC Rl w i 43 fo 55 B8 B Fu
BB el £ 45 cholic acid 95.0 %, deoxycholic acid 98.0 %,

chenodeoxycholic acid 91.0 %, ursodeoxycholic acid 98.0 %, lithocholic acid
83.5 %, glycocholic acid 94.0 %, glycolithocholic acid 85.5 %,
glycochenodeoxy acid 94.0 %, glycodeoxycholic acid 90.0 %, taurocholic acid
96.0 %, taurolithocholic acid 97.5 %, taurodeoxycholic acid 84.5 %,
taurochenodeoxycholic acid 89.0 %, cyprinol sulfate 95.0 % (Table 3) -
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BREKEBE ARG BBET TR - RBEESARBEUE
3 HPLC Fix R 2 (Fig. 8) Han BB T T X E8E - BB BB oA B
AEhAE BT BATELABTZIEE AN AMELLES 5 -cyprinol
sulfate - K& S5 ME8 - BB BB B 2R X 94.6% Mg &M+
Z EZ B2 % Sa-cyprinol sulfate » X3 E/5ME8 - R BFEENRD
282945% (Table 4) - MACAMELHEHR - RRBFBHIKRB L
jo Table 5 A% » BRI E & (ayu fish)sh » RERABMZBI RO EEH
taurocholic acid #v taurochenodeoxycholic acid» # & & ¥ & 5 4% cholic acid
#u taurocholic acid &4k 63.4 %Fv 36.6 % » Ei S ZHETF » B REH S

a -cyprinol sulfate -

LB M T BRET S E B RKE A cholic acid (1.2 %),
chenodeoxycholic acid (3.1 %), lithocholic acid (6.1 %), taurocholic acid (23.9
%), taurolithocholic acid (3.2 %), glycolithocholic acid (62.5 %) » £ &

glycolithocholic acid #v taurocholic acid & £ ; T8 i+ 5.4 # cholic acid

(17.5%), chenodeoxycholic acid (9.7%), ursodeoxycholic acid (15.5%),
deoxycholic acid (8.4%), lithocholic acid (9.0%), taurocholic acid (2.4%),
taurochenodeoxycholic acid (37.9%) » £ & A taurochenodeoxycholic acid ~

cholic acid Fv ursodeoxycholic acid 2 * (Table 6) -

3. ¥ &8& T+ 5a-cyprinol sulfate ¥ B 2 H4
Bio¥ s Mt Sa-cyprinol sulfate Z HM Ao uEEREAERE

& J i+ ~ butanol extract ~ 5 @ -cyprinol $» 5 a -cyprinol sulfate & 100 mg > &
6 /NERE > BB ERRAETRE R P X AR HE2E B EEH o Table 7
i 7T © 484 0.6 ml 3 & #& i+ - butanol extract #u 5 o -cyprinol sulfate 2 £ &, »
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H % RBC #uv Het #4834 74l 4% 4= 5 a -cyprinol (P<0.05) - 4 Hgb
#9144 & 5 a -cyprinol Fu 5 @ -cyprinol sulfate tb ¥ & A& i+#u butanol extract
AFRE&ER 2 WBC i &R SHE%1L -

H=k > ¥ & #ET - butanol extract - 5 @ -cyprinol = 5 a -cyprinol sulfate
a2 8 2 0 £ BUN #v creatinine #4834 %A 88 il % (P<0.05)-

B o AST #u ALT 2 FHF @ » B &85+ - butanol extract
#2 5 a -cyprinol sulfate 1% fLix 45 A AR E R (P<0.05)%}5 a-Cyprinol
mEdEsmEeARLE M ALP 2 ZH & » ¥ &8+ ~ butanol
extract ~ 5 @ -cyprinol F= 5 a -cyprinol sulfate sEyr#|éa %K AR £ &
(P<0.05) -
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3

BEARFEALRREHE  FEFRY - TEARMAHLER S HA
HFERELBITURAR - RN RTHLE ERAEARTATREZ
AT EFHBL ERRELBETTARD TG FIRBMG RS -
B bR FE 288 T F sb4b 5 a -cyprinol sulfate 4 > & 5Bl A F &AL
TR ERBANBEARBZ ST E®MIRAT 5 a-cyprinol sulfate ¥
RAEZHEE -

BBt PHEBES X 2RSS 0 — A sodium cholate ~ sodium
chenodeoxycholate ~ sodium lithocholate #n sodium deoxycholate » £ ¥ sodium
cholate #= sodium chenodeoxycholate % — &M H » UABET M E > dH £
IERERe B E 22 80 % » H L sodium cholate ¥ & % - A% A HPLC
FiER T BMEEAKEE  AKEABRP R ERSH T - LB
B NENRRE AT BRELaEANETEE RS 5a-cyprinol
sulfate &-45 90 %A L+ i 5 @ -cyprinol sulfate £ ¥ & foge & 0y BE+ + &2 F
64.5 mg/ g #v 123.8 mg/ g HHo A 8L 64 4k 84 tL B4R & 69 0 (1 6 %R TF) 0
sb 4 £ s Mohri et al. [21]&4 4 £ 485 » A7 34 S a -cyprinol sulfate 4% 3 B & 3]
rA Y EHERREAN 2] FHESRELEAIRTENRSL  H
Bld % 5a-cyprinol sulfate fr £ A 8 - M SBRF & KT RS E
2. 4 taurocholic acid #= taurochenodeoxycholic acid » & & # £ & % cholic
acid #u taurocholic acid « 4 MW % HE S ¥ % & M £ B H ALK B
glycolithocholic acid #$» taurocholic acid - M ™% i £ 2 T+ s A
taurochenodeoxycholic acid ~ cholic acid #» ursodeoxycholic acid - #5>+ & 24
P ERRSREL G MENE FE o WHE A B R R
BB P FHRBETRRABRAOBERBASERMEAR - RFIFLET
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— %P BRFHE M - ¥ 28T X butanol extract - W BFFu i BT 51 BL
BUOBTRRLRZSEALEEN - ANBRELEE  BARAFHAE
Z ot REEAA LAY REFBEAARGHRAE -

AER A B > 3 2 AST ~ ALT 4o ALP & 751 » TT4F A4 2)
ST > M E AR S @R 0 AR 0% SRR Z BUN #o
creatinine & £ - B b AR E E E LT FAHE R RFEH LRI FHE -

BUEEROER THoTZIER  PELER 0.6ml E&MEH -
butanol extract F= 5 @ -cyprinol sulfate Fu 6 /NB54% » € 3| ARABAATFHRET
GFo B oh e F3% > sb4s B 5 Chenetal [3-5] ~ Chan et al. [2] ~ Park et al. [22]
FEOEA (IVHBEREEREATES  BTLAERELBIT T
REABEFAZER - BRELBEIRTHERBIAEMRS - RELH
] BB 435 ¥ acid hydrolase #¢ lysosome ¥ ### #} X & hemoglobin #= K">
# % hemoglobin &3¢ #& B/ NEF > EEFHETH - MikA 5a-cyprinol
sulfate T fE & £ £ LB HF -

ZEHH &8+ - butanol extract F= 5 ¢ -cyprinol sulfate £ 4 % RBC ~ Het
foHgb ¥ A ABLES  RBEBESMBEZLDNAR  THRAZE LR RA B
[7] > RABR & —F ]t -

%4h>Chenetal. B EFBRUR U BEF X ERREL BRATIRT
#30,% - B9 Chenetal [8, I KB EBEUBIERF X > fTAEE~ K
ek A B EAMARAZETERY BREEGIRLTHEREL RREAR
BRI ARG c Bk EHERER > A HHET GoRBET -~ #
Fitfs )2 EMn TRBANKEGYET EAET 28T -
ABEET - A8 &R EREME Tz 0 A LRBEHWIE T b
THRRAMEE -
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AAEE SRR E R SR EBEN - Tk -
KA ERWE BB TREF FRARER 4T & B THHBA K
SRMWBTRERT TEREF FHE - LRKAUNE-F TR
BAEANKEECHRAREFZARENZTEMAE -

B EER > B LE AT HERE RN RE T RERT > B
¥Rt B A B AR TR R AT LR E RS R R
#B—4 > o HPLC F oM E MR THEERTARERERE Sa
~cyprinol sulfate » Ft 4 B4k HEL - ER B BEEARBE RS L 946 % H
3] 5 a-cyprinol sulfate 7+ & ¥ & B8+ £ 25 R b KM o AT AT
Al BN A E SR AT R RGRE R T 251
Ao EhEREFRNEZSEL  EERARAH FTeileFhtz
FIBAL - A HPLC Faa oMl it g BT L X 2 R4 ARHIIE
B 0 BAHMEEIAR S 0 ESbi R NS BT X M T REAAE
AR B EEAATE
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IR

1. oA HPLC #7804 ODS column 77 4% 14 R ] e sk ~ MEEL B v
BEELER B A o B

2. BAHPLC Fin#r 14 BB K- AKIBHEAZEBRY
%% 4o tauro-conjugated #EB R KRS > AN E Sl SR T
Z ¥R A 5 a-cyprinol sulfate 45|45 94.5 % v 94.5 % -

3. eSS &EEEAE A A glycolithocholic acid #» taurocholic
acid %& X > M8 A& LA taurochenodeoxycholic acid ~ cholic acid Fu

ursodeoxycholic acid % % -
4. B gHEit ¥ 5a-cyprinol sulfate & %P A# 5 a -cyprinol -

5. Al Sa-cyprinol sulfate ¥ 2 EH X X Hak ' 23 ENR
TRG - BERFEKX -
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Table 1. ®C-NMR data of grass carp bile alcohol and salt in comparison with standard of 5 ¢ ~cyprinol

Carbon Grasscarp Grasscarp Sg-Cyprinol*'  Carbon Grasscarp  Grass carp 5 a-Cyprinol
No. bile alcohol bile salt No. bile alcohol bile salt
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
19 10.47(q) 10.46(q) 10.50(q) 22 37.48(t) 37.32(t) 37.51(t)
18 13.01(g) 13.02(q) 13.05(q) 23 37.70(t) 37.61(t) 37.73(t)
21 18.05(q) 18.01(q) 18.0%q) 5 40.52(d) 40.41(d) 40.53(d)
15 24.13(t) 24.10(t) 24.17(t) 8 41.17(d) 41.09(d) 41.20(d)
11 24.75(t) 24.59(t) 24.78(t) 25 44.42(d) 43.17(d) 44.47(d)
24 28.75(1) 28.71(t) 28.80(t) 14 43.28(d) 42.22(d) 43.30(d)
2 29.35(t) 29.30(t) 29.36(t) 13 47.49(s) 47.43(s) 47.52(s)
4 2941() 29.24(t) 29.43(t) 17 48.15(d) 48.28(d) 48.34(d)
6 29.52(t) 29.45(t) 29.53(t) 27 63.82(t) 68.96(t) 63.81(t)
9 32.74(d) 32.65(d) 32.75(d) 7 67.21(d) 67.14(d) 67.24(d)
1 33.16(t) 33.08(t) 33.19(t) 3 68.79(d) 68.72(d) 68.82(d)
16 36.54(1) 36.46(t) 36.57(t) 26 64.02(t) 63.02(t) 64.02(t)
10 36.90(s) 36.82(s) 36.93(s) 12 73.99(d) 73.90(d) 74.04(d)
20 37.17(d) 37.11(d) 37.22(d)

*!: Data cited from Haslewood et al., (1955).
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Table 2. Linear regression equation* and correlation coefficient between
concentration of bile components and absorbance in HPLC
Bile components Linear equation coefficient Correlation

a b coefficient
Ursodeoxycholic acid 0.08535 0.04948 0.9959%4
Cholic acid 0.08752 -0.03372 0.99450
Chenodeoxycholic acid 0.11113 -0.43268 0.99848
Deoxycholic acid 0.08681 0.08770 0.99554
Lithocholic acid 0.09952 -0.20032 0.99547
Glycocholic acid 1.17443 -1.15603 0.99367
Glycochenodeoxycholic acid  0.78870 -0.73754 0.99319
Glycodeoxycholic acid 1.02115 -0.87664 0.99434
Glycolithocholic acid 1.15806 -0.5152 0.99471
Taurocholic acid .0.62856 -0.7696 0.99560
Taurochenodeoxycholic acid 0.59444 -0.84724 0.99509
Taurodeoxycholic acid 0.76263 -1.01000 | 0.99451
Taurolithocholic acid 0.64853 -0.53172 0.99250
Cyprinol sulfate 39.1271 -0.26439 0.99920

*Y=aX + b, where Y= relative peak area and X= amount of bile acid and

cyprinol sulfate injected into HPLC (2.5-32 11 g).

29



Table 3. Recovery of bile acids and cyprinol sulfate added in the bile of

chicken and ayu fish
Bile components Recovery (%)
Chicken Ayufish  Average

Cholic acid 94+2.8* 9612 .3*] 95.0+1.0
Deoxycholic acid 97£2.5 99+2.3 98.0+1.0
Lithocholic acid 82+2.1 85+2.6 83.5+1.5
Chenodeoxycholic acid 92423 90+1.8 91.0+1.0
Ursodeoxycholic acid 100+2.0 96+2.6 98.0+2.0
Taurocholic acid 95+3.1 97+£2.9 96.0+0.5
Taurolithocholic acid 99+3.0 96+2.8 97.5+1.5
Taurodeoxycholic acid 86+2 .4 83+2.7 84 .5+1.5
Taurochenodeoxycholic acid 88+2.1 90+2.3 89.0+0.5
Glycocholic acid 96+4.3 9243.1 94.0+2.0
Glycolithocholic 84+2.6 87+2.4 85.5+1.5
Glycodeoxycholic acid 89+2 4 91+3.1 90.0+0.5
Glycochenodeoxycholic acid 93+2.5 95+2.1 94.0+1.0
Cyprinol sulfate 96+3.4 94+2.6 95.0+1.0

*1 Data represent mean + S.D.(n=3).
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Table 4. Levels of bile acids and cyprinol sulfate in the bile of other fish

Sample Sample Cyprinol Taurochenodeoxy- Taurocholic — Cholic
No  sulfate cholic acid acid acid
(mg/g) (mg/g) (mg/g) (mg/g)

Bodianus oxycephalus 3 nd.* 0.4+0.1%* 133.3+4.2 nd.

(rainbow fish) (3.8)¥ (96.2)

Salmo salar 2 nd. 47+£1.2 87.9+£2.3 n.d.

(rock trout) (9.3) (90.7)

# 8

Anguilla japornica 6 nd 6.9+2.1 77.4+3.0 n.d.

(japenese eel) (10.5) (89.5)

H A8

Aixos maru 3 n.d. 25.1+1.6 78.5+4.2 nd.

(spanish mackerel) 17.9) 2.1

e

Pleuronectes cornutus 2 nd. 332425 96.5+3.7 nd.

(right eyed flounder) (23.9) (76.6)

8 &

Girella punctata 4 nd. 29.5+1.6 108.6+4.6 nd.

(rudder fish) (20.7) (79.3)

2&

Thamnaconus modestus 3 nd. 26.7+2.4 97.6+4.6 nd.

(black scraper) (23.4) (76.6)

Paraplagusia bilineata 4 nd. 28.4+2.6 68.5£2.5 nd.

(tongue sole) (32.3) 67.7)

nE

Trachurus japonicus 3 nd. 55.943.1 75.4+5.4 nd.

(japenese jack mackerel) (42.6) (57.4)

i

Scomberomorus commerson 3 nd. 66.3£2.9 78.6+£2.4 nd.

(mackerel) (47.6) (52.4)

i

Liza macrolepis 5 nd. 154+5.1 nd. nd.

(mullet) (100)

&

Plecoglossus altirelis 2 nd. nd. 344434  89.5+5.1

(ayu fish) (36.6) (63.4)

&

*! Not detected.
*’Data represent mean + S.D.

*Data in parenthesis represent precentage.
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Table 5. Levels of bile acids and cyprinol sulfate in grass carp and common carp

Wet weight of Levels of bile acids and cyprinol sulfate (mg/g)
No gallbladder (g)  Cyprinol Cholic  Chenodeoxy- Lithocholic Taurocholic Taurocheno-
Sulfate acid cholic acid acid acid deoxycholic
acid
Grass carp
1 188 67.3 0.33 1.7 0.25 0.61 0.78
2 15.2 62.6 0.42 2.1 0.37 0.52 0.65
3 17.6 774 0.59 2.2 0.31 0.56 0.61
4 15.7 74.3 0.57 2.5 0.45 0.47 0.82
5 19.2 524 0.48 0.7 0.51 0.55 0.58
6 17.6 65.1 0.37 1.6 0.26 0.46 0.49
7 15.5 66.5 0.31 1.6 0.52 0.42 0.56
8 16.2 65.6 0.78 0.4 0.42 0.35 0.62
9 184 61.3 0.34 1.5 047 0.55 0.76
10 15.9 52.1 0.67 2.3 0.43 0.37 0.71
Mean + 17.0£1.5 64.5+8.1 0.49:0.1 1.660.7 0.40+0.1 0.49+0.1 0.67£0.1
S.D. (94.6) ¥ (0.71) (2.44) (0.58) 0.7 (0.96)
Common carp
1 3.1 121.9 3.7 44 0.32 n.d.* nd.
2 1.7 132.7 24 3.2 0.43 nd nd.
3 23 97.6 3.1 34 0.42 nd nd
4 2.6 129.6 3.5 43 0.31 nd nd
5 1.9 133.3 29 36 0.27 nd nd.
6 2.1 142.1 36 2.9 0.33 n.d. nd
7 3.0 127.2 3.7 42 0.46 nd nd
8 2.5 135.6 24 44 0.31 nd nd
9 1.6 98.2 2.6 3.7 0.47 nd. nd
10 2.8 119.5 3.0 2.8 0.37 n.d. n.d.
Mean + 2.41+05 123.8£15.1 3.1+0.5 3.7+0.6 0.3740.1
S.D. (94.5) * (2.36) 2.82) (0.28)
*'Data in parenthesis represent precentage.
*2 Not detected.
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Table 6. Levels of bile acids in chicken (Pectoralis major) and duck*' (Anas

platyhynchos var. domestica)

Bile acid chicken duck
Concentration % Concentration %
(mg/g) (mg/g)
Cholic acid 9.6+0.5 1.2+0.1*? 452423 17.5+0.5
Chenodeoxycholic acid 252422  3.120.1 28.2+1.6 9.7+0.3
Ursodeoxycholic acid nd. nd.* 43.542.1 15.5+0.4
Deoxycholic acid nd. nd. 31.6+1.9 8.4+0.1
Lithocholic acid 68.7+2.1 6.1£0.2 37.5£2.1 9.0+0.2
Taurocholic acid 152.6+3.1 23.9+1.6 16.8+1.5 2.4+0.1
Taurochenodeoxycholic acid nd. n.d. 97.5+3.4 37.9+0.7
Taurolithocholic acid 35.9+0.6 3.2+0.7 n.d. n.d.
Glycolithocholic acid 228.4+1.6 62.5+£2.1 nd. n.d.

*! Mean of triplicate.
*2 Data represent mean + S.D.
*3 Not detected.
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Table 7. Toxic effects of grass carp bile powder, n-butanol (BuOH) extract, 5 @ -cyprinol and 5 & -

cyprinol sulfate on the physiological functions of the rats after 6 hour administration -
Dose (mg in 0.6 ml saline)*?

Physiological  Control (0.6~ Grass carp BuOH 5a-Cyprinol 5 a -Cyprinol
_— ml saline) powder extract sulfate
functions 100 100 100 100
In blood .
RBC(10%cell/dl) 762+24° 847+33° 828+25° 796+35% 856+29°
Hematocrit(%) 44.8+7.1*  53.5+2.3° 54.7+5.3° 47.6+5.8* 54.0+5.5°
WBC(cell/dl) 65001900 6700+£1100°  5100+1200° 5300+3200° 4900+1100°
Hemoglobin(g/dl) 14.2+1.6®  152+1.5° 14.6+£0.6® 13.6£1.0° = 13.5%1.1°
BUN(mg/dl) 11.3£2.7*  17.7£1.0° 16.8+1.0° 16.7+1.0° 19.8+0.9°
Creatinine(mg/dl)  0.44£0.02*° 0.62+£0.03°  0.61+0.04° 0.62+0.06° 0.63+0.05°
AST(UN) 118+16° 598+11° 577£20° 139+18° 689+26°
ALT(UN) 39+11° 210+£47° 253+46° 47£16° 261£50°
ALP(U/) 298+7° 365+22° . 359+35° 332+20° 364+17°
In urine
BUN(mg/dl) 391+10° 490+14° 573+30° 462423° 608+36°
Creatinine(mg/dl)  12.7+1.3*°  17.2+1.7° 19.2+1.6° 17.5+1.2° 28.542.5°

*I RBC= Red blood cell, WBC= White blood cell, BUN= Blood urea nitrogen, AST= Aspartate
transaminase, ALT= Alanine transaminase, ALP= Alkaline phosphatase.

*2 Values represent mean + SD., and values in the same row having different superscripts are
significantly different (p<0.05). ’

34



1007

oo
?

Transmittance
{

60-

40-

Grass carp bile salt

3900 3000 2500 2000 1500 1000 500

Wavenumber(cm™)

Fig. 1. IR sepectrum.

35



9¢

Grass carp bile salt

d
| ba
hg !
f e
;I
D (N

7 T

Fig. 2. "H NMR spectrum.



LE

Grass carp bile salt

T WU BN VW | G | 8 u-L-.JJL..J )
70 60 50 R YA S asaaacas T
PPm

Fig. 3. >C NMR spectrum.



8¢

Grass carp bile salt

149
lmj

99 A
80
70 4
60
391
58—
40
308

20

2

4
b

' 531
i h L L
m/z 8 o N . aman L "%L'J‘%—h;"}"" ' vt T 'r‘lv e S .‘L
259 300

R k]
50 120 150 ‘ 200 350 4183 4508 508 550

Fig. 4. FAB-mass sepectrum.



1.000

(ABS)

0.000

200 240 280

(nm)

Fig. 5. UV scanning spectrum of cholic acid.

39

320




aeyns joutdA-v g

PIo€ d1joyooyyjong],

PIoE d1joyRoyI]

pIoe o1joyoAxospoIneg],

pIoE 21[0UPOY[0oA[D PIo®. S1{OY2AX03poUsYd0INE].

P1oB 21]0Y94AX03p0L[D) + Ploe 91]0yaAxX03(]

PIOE dI[0yoAX03pousy)

PIoe drjoyoone).

PIo® S[oYO3AID plog 91j0YoAx0apouay004|0)

pioe droyD
P1oB 21[0YIAX0apOsI()

L,

wu ()[Z e 90uRqIOSqQY

30

25

20

15

10

Retention time (min)

Fig. 6. HPLC profile of authentic bile acid.

J& ¥t 4% 4% column, Merck ODS column (25x 0.3cm)

7

JRik 0.8ml/ min > uv210nm » buffer 22 0.3 % Ammonium

carbamate/ Acetonitrile (73:27)10min—(68:32)10min—(50:50)10min -
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44 ik 0.8ml/ min ° uv210nm » buffer $4 0.3 % Ammonium
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Fig. 8. HPLC profile of bile acids in three separated fraction of obtained
from grass carp bile by PHP-LH-20 column chromatography. (a) 0.1M
acetic acid in 90 % ethanol, (b) 0.2M formic acid in 90 % ethanol and (c)
0.3M acetic acid-potassium acetate in 90 % ethanol.
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Appendix 1. The pathway of bile acid biosynthesis.
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Appendix 2. Chemical structures of free and conjugated bile acids.
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Appendix 4. The structure of 5 ~cyprinol sulfate.



