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Abstract: Metabolic transformation in vivo is a critical approach in the study of toxicity, but real-time
dynamic observation of the transformation is difficult. We proposed that zebrafish toxicity/metabolism
synchronization may be used in the analysis of toxicity of Folium Epimedium (Yinyanghuo for Chinese, YYH)
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and the toxicity may be reduced by Radix Morindae Officinalis (Bgjitian for Chinese, BJT). Healthy zebrafish
embryos 1 day post fertilization (1 dpf) were exposed to different concentrations of YYH, total flavonoids of
YYH (YTF), representative flavonoids (epimedin C and icariin) and their respective in combination with BJT.
Death numbers of the embryos or larvals were counted during 1-5 days after dosing (2-6 dpf); embryonic
micro-morphology of zebrafish (3 dpf) was observed and pictures were taken.  The blank vehicle (0.4% DM SO)
was used in the control group, and LCs, value of 2 to 6 dpf was calculated by SPSS16.0. A relative safe
concentration was sampled every day to analyze the dynamic metabolites changes of major flavonoids of
YYH. The results showed that epimedin A/B/C (EA/EB/EC) and icariin, the major flavonoids of YYH, were
dynamically transformed into major metabolites of sagittatoside C (SC) and baohuoside | (BI) by zebrafish. BI
was mainly derived from EA, EB and icariin. Neither original form nor their metabolite Bl can cause zebrafish
poisoning. SC was mainly derived from EC, and its accumulation was closely related to the toxicity of
YYH, YTF and EC. After combination with BJT, the metabolism of EC was slowed down and the toxicity
was aleviated. Zebrafish toxicity/metabolism synchronization revealed that the toxicity of EC of YYH was
increased after metabolism into SC, which maybe the key potential poisonous factor of YYH, and BJT can reduce
the toxicity by slowing down the metabolism rate of EC. The data provides new ideas and methods in the study

of toxic substances in Chinese medicine and mechanism of detoxicity by combination.
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RFNENE  FEFREERE: 2.9% NaCl. 0.125 8%,
KCl. 0.4851%o CaCl, 2H,0. 0.8118% MgSO, 7H,0;
Ea R () &R, Z2MP AR, #5:
1404018038); VEFE M (7 HIBLVE, B =@
IR AR AT, S 161203); ¥ A M ER/
B4y (YTF HEIMS, &8ss A/BIC R FETF
(icariin) HI&E 251N 3.0%. 7.1%. 9.9% A 29.0%);
W7 E A (epimedin A, EA, 4li[F 98%, it 5 :
JZ16042502) . §i7E & B (epimedin B, EB, 4[] 98%,
ft5: J215110905) . #i7E # C (sagittatoside C, SC, X
4 2"-BRZEREIL PR 2L E VT 1, 2"-O-rhamnosylicariside
I, 4ifF 98%, 1lt'5: JZ16071606). §i% & C (epimedin
C, EC, 4ifif 98%, flit'5 JZ16042503) . % & 1 |
(baohuoside |, BI, 41i 98%, Hit'5 JZ15070602) I
ST A REA IR AR BAEET (L0 98%,
fit5: 110737-200415) & [ H [ £ i 24 5k E B A
F%. Nikon Aphaphot-2'YS2 & 4% (IH4< Nikon Jé
AT AEAREEFRFE SPX-80 (I I B AR S0 1 B
J7), Olypus stylus TG-4 ##HL (HA Olypus 2 #]);
Agilent 1200 B 51 & AR AH (i (32 Agilent
/A #]); Organomation N-EVAP TM 112 &MY (3£H
Origanomation Associates /A #); KQ3200B i 7y & vk
& (RLmEA AR AR);, METTLER TOLEDO
AB135-S 73 #T K*F (3fit: METTLER TOLEDO A #]).

SMAEEIESHT WA KA L kN
Agilent Zorbax C18 ffifi ¥ (5 um, 150 mmx4.6 mm)
Al C18 iik: (4.6 mmx12.5mm 1D, 5 um); Hishtl, A
N 0.1% HER/K; B NG, A+B=100%, K F#EE B
Bi: 10% B (0~5) min; 10%~25% B (5~15 min);
25%~90% B (15~40 min); 90% B (40~45 min).
I:30°C; JiE: 1mL-mint,

WAt 20 itk Agilent Zorbax C18 (i
¥ (5 pm, 250 mmx=4.6 mm) Al C18 Fiik: (4.6 mmx
125mmID, 5 um); %ishtH, A N 0.1% FHR/K; B AN L
G, A+ B =100%, K HHhRE5EHL B AH LL A b i 18]
3 Ak: 10%~23% (0~10 min); 23%~26% (10~35
min); 26%~48% (35~65 min); 48%~80% (65~ 80
min); 80%~100% (80~85 min); 100%~ 100% (85~
90 min). FEi: 25°C; ik 1.0 mL-min Y KK
270. 272. 325 i1 353 nm; izfTHF[E]: 90 min. HEFE
120 pL.

KBRS, A SRR KB (YYH).
YTF. EC. ¥ZF 8 H M4 pIfc A B R K FIR (BJIT)

L HAER 6 MURBEE S, 750k
EA. EB. EC. #E¥#ET. SC & Bl. YYH K& BJT
PRMOT 5 B B ERZ0M, & MR, FREX
10 g, hn7K 200 mL 2N, BT 2 9k, &R 30
min, 38, GIFIEWR, alinaiokiE &g, e
YYH (10 mg-mL™Y) =% BJT (20 mg-mLY) W7 4& %
(YYH 1 BJT & w5 LUAEZ EIT).

M EF/MKEATHEEDHT YYH. YTF, EC
FEFHERHERM BIT MREMRRE Kk
I ZHE IR FEANRE R FE T, 28.5 °C 15 77 46 1 4k 8215
FE 24 hFi . ¥4 1 dpf BMERRIRGE T 24 FLiRH 45
7y, Bl 8 MILHR, FANSLIRA 16 MR . FLFE 0.4%
DMSO #9341, YYH KHEE BIT (1 pg-mL™?
YYH: 1 pg-mL~* BJT)® (200, 500. 1000. 1500 F/I
2000 ug-mL™*, L YYH it); BJT (200, 500. 1000,
2000 A1 3000 pgmL ™). YTF K H {6 BJIT
(1 pg-mL™* YTF: 10 ug-mL~* BJT) (10. 25. 50. 100
A 200 pg-mLt, BLYTF i), K SEHER R
. EC M4y BIECAL BJIT (1 umol L ¥ 2E 3 7 5 EC:
20 pg-mL ! BJT) (10. 25. 50. 100 A1 200 pmol-L %,
DU SERE B EC i), BARS 2Rk R 1. BAL%
25 2 mL, ¥ 24 FLIRUION 28.5 ClEIE G FRFE 5
I%, B3R A 6dpf. JFT 3 dpf 78 Wi W 22 5% sk
BT  E AT AR, WEIFidat 2~6 dpf BT
O AT

FIRPES i 1~6 dpf FHEMERFED, #4550
EIARFRIKEE (3R 2), W) s g e (0
w 6~12 1L, ®fL 8 NMIEAR): YYH KHAMH BIT
(500 pg-mL ™). YTF K fH BIT (50 pg-mL ™). 4%
KW R R #ETF . EC Ko HE AL BIT (25
umol-L ™Y 25 T-BE 5 B FRE 5 0. 1. 2. 3. 4
J 5 REFRIZ G (R 2), T-20 CUKARTHIE .

Mo aRIGEFERLE K LR EH 1~6 dpf
(45 %5 0~5 K) 25 T =il 2T, I
80% HI LI B A fiR, [FIRTI S A ik (BA)E
% 5K, B 6 dpf) WRTZ5vk, FHAEIEER/KIES 3 X,
fi AN 80% FHEE 0.5 mL 213, YYH K ILE L BIT
(3000 pg-mL ™). YTF K AR BIT (50 pg-mL™).
REEB R ELET . EC Ko HE M BIT (25
pmol-L™Y), 15000 r-min * &> 10 min, %L 20 uL
HE4T HPLC 40 #7 .

BIESW ARG SPSS16.0 15 %
BRI B 1 1 - B OB IR B (L Coo)
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Table 1 Concentration of different groups for zebrafish toxicity experiment.
YYH:BJT: 1 pg-mL™ YYH: 1 pg-mL ™ BJT; YTF:BJT: 1 ug-mL ' YTF: 10 ug-mL™*

by the amount of the crude drug in the full text.

The concentration of YYH and BJT was calculated

BJT; Icariin:BJT: 1 pmol-L " icariin: 20 ug-mL ™ BJT; EC:BJT: 1 umol-L™* EC: 20 pg-mL ™ BJT. YYH: Water decoction of Folium
Epimedium; BJT: Water decoction of Radix Morindae Officinalis; Y TF: Total flavonoids of Folium Epimedium; EC: Epimedin C

Group Concentration Unit

0.4% DM SO

YYH 200 500 1 000 1500 2000 pgmL’1

YYH:BJT 200 500 1000 1500 2 000 pg-mLt (YYH)

BJT 200 500 1000 2000 3000 pg-mL

YTF 10 25 50 100 200 pg-mLt

YTF:BJT 10 25 50 100 200 pg-mL ™ (YTF)

Icariin 10 25 50 100 200 umol- L?

Icariin:BJT 10 25 50 100 200 umol-L~* (Icariin)

EC 10 25 50 100 200 umol- L?

EC:BJT 10 25 50 100 200 umol- L? (EC)
Table2 Concentration of different groups for zebrafish metabolic experiment

Group Concentration for zebrafish Concentration for HPLC Unit Sampling volume/mL

YYH 500 3000 pg-mL? 3

YYH:BJT 500 3000 pg-mL™t (YYH) 3

YTF 50 100 pg-mL? 2

YTF:BJT 50 100 ug-mL™ (YTF) 2

Icariin 25 25 pmol-L* 1

Icariin:BJT 25 25 umol-L™* (Icariin) 1

EC 25 25 umol-L* 1

EC:BJT 25 25 umol-L™* (EC) 1
H#HR YTF 54 PR S 3 KJ5 (4 dpf), EA. EB.
1 RFEEMMSZHIGERNEMSRRER  EC MEFER MM, SCM Bl FEEE T
BB 24.0%F1 76.0%; {H{EZ52 5 KJ5 (6dpf), SC & & F

YYH. YTF. EC. #EF&H N/ niih BIT &
PEE 0 /EFH 1~6 dpf ) AR (3 L 1, &5
FRCL S8R T 0 I ot R, (il 1, 20 3. 4. 5 A1 6
R 6 T E MRSy, 758 EAL EB. EC.
TR . SCAIBI.

PAAMRIETT S IR 6 AT B R B W &
&, JELAEAS A b 6 A SR S 8 A ) A 4 LT e
SES SR (B2, AT YYH A YTF f1Ll EAVEB.
EC ANZEFEH NE, 45 6 NIEER T 1) 93.7%~
100%, Z5t AR RS, Sy SC
Bl BRI LR, EA. EB AEEE T
Ak I EAR MBIV, T EC )4 SC.

YYH $li25 ¥ 1 dpf Bt 2 KJ5 (3 dpf), EA.
EB. EC MIVE 5 H s, Y SC # BI
XS EEZETEE 19.8% A 80.2%; {HAE, Fih
BJT /5, EA. EB. EC FHJEF 8 17 i B s g, T
525 4 RJ5 (5 dpf) fRif584x, SC Al BI AHXT & &3l
A EAEEEAE, 73008 24.1%F1 75.9%.

F# %5 16.8%, Bl & = -7t % 83.2%, % SC it il 2 b3t
BAR N Bl ATE. 5 YYH ML, YTF fofh BE K5,
EA. EB. EC fIyEFEFIIRBIEERIE, T4 4
KRG (5dpf) A4,

T S R AR BT B 73 3 2 1 A EC 3 il B ph 25
FTRGMG 1 RN (2dpf) HWMEXEEE, R IWAHEBAY
W BI Al SC; 452 )5 2~4 K (3~5dpf), FEFEH
M ECH AN e 4r, EAFHE T IHY BI AT &
& FJt % 100%; EC (1) 3 ZAR WY SC (FEX & & A
92.3%), 5 —RERWH N Bl (X E D HEN
7.7%). EFEHM EC /BT BIT 4 TS )5,
AU, 452505 3 RN (4 dpf), ZFEHH
EC AHXS B 7 & S35 R B 2 2, AHRAR 14 BI Al SC
KRIWH R4, ARG 4K (5dpf), EEETH
EC BEHIFIEEE AT 44.9%F1 73.2%, FHMARH
) Bl il SC &5l % FF+ % 55.1%F1 26.8%; &
6 dpf, VE3FHH A EC AR, V28 5 AR
V) Bl & & Tt % 100%; EC 1) £ ZARHHY) SC & & &
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Figure 1 HPLC chromatogram for YYH, YTF, EC, icariin and their combination with BJT after exposing to zebrafish from 1-6 dpf

(0-5 day after dose).
C, SC; Peak 6: Baohuoside |, Bl

= LIt & 88.7%, HIFUH=E IREAR ) Bl (11.3%) .
YYH. YTF. EC. #EFEH rnlih BIT &
B AER 5K (6dpf) Jo MIBE S A P IR U = 0
A WL 3, 50.4% DMSO %F H4LEL L, BR T YTF
Fic (. BIT Bt 5 0 20 p ki 4% 654 BI J& SC, {HAS M
EL# /s, SC#1 BI {5 Lh sy A 1.2 Fi1 4.8; A%
HPE I o i A R WS T A R e SRR,
V- 5F 1 4y ORI T RSN B S 4 A A
HE BARAK, A3 A DARSE I 2]
2 YYH. YTF. EC. EFXxEHRHEME BIT it
SamFZHER
PLOG 2 B B A L BE 1 0 T 2 TR A RIE TS RN

Peak 1: Epimedin A, EA; Peak 2: Epimedin B, EB; Peak 3: Epimedin C, EC; Peak 4: Icariin; Peak 5: Sagittatoside

F R M. ERAE TURER: Y A%
¥ 3 dpf JE ik s, SATae R E R 4, AikiE
B, 7EEE R B G MG, B TR R TS 2
HAM. 0.4% DMSO ¥R F41 M2 (It 4L, 7Edh 2
AR WAE TS, TR LB R A8 = AR . SR
B 5 R R ILALLL, 3 dpf BE L) 0 RO AT 45 SR LT 4.
YYH fE 500 pg-mL ™" K DL F 9 X Bt 1 &) i
(3 dpf) A& AR WA 0%, #AFTE BCORUEE 1 000
ug-mL -t B I &) 4 i 2k ok, BJT £ 2 000
ng-mL~t B LU IRBEXT BE h 4fif (3 dpf) A 28 K WL HA
SR, £ 3000 pg-mL i SO g s ok
OO, XA AR /N, RS, YYH
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Figure2 Relative percent of EA, EB, EC, icariin, SC or Bl for YYH, YTF, EC, icariin and their combination with BJT after exposing to

zebrafish from 1-6 dpf
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Figure3 HPLC chromatogram for zebrafish (5 day after dose) of YYH, YTF, EC, icariin and their combination with BJT after exposing

to zebrafish
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Figure 4 Pictures of zebrafish embryo exposed to solutions of water decoction of YYH, YTF, EC, icariin and their combination with

BJT and control group at 3 dpf, which show different intoxicating phenomenon of different concentration.
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Figure6 Correation analysis of dynamic changes of relative content between EC and its metabolite SC
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