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(psoralenoside, PSS) FIF4ME AT (isopsoralenoside, IPSS) [t 4t:, WEMH MR KB IBN, WFHEAEN. BULE
B, I ERE S A HIETIRE (halflethal concentration, LCso); F 1~6 dpf BE A& T LR &9, 434 PSS A/
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I R AA R AL, SRR IR 8 dpf MR A 2N S fE i, ST RMONE. Badmg, FHEGKR
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Abstract: Objective To evaluate the effects of Duzhong (Fucommiae Cortex) combined with Buguzhi (Psoraleae Fructus) on its
Zebrafish 1-6 d after

fertilization (1—6 dpf) was used to evaluate the safety of lignan extract of Eucommiae Cortex (LEEC) combined with coumarin extract

metabolism and toxicity/efficacy of coumarin components with zebrafish multimodal analysis. Methods

of Psoraleae Fructus (CEPF) and the representative components of pinoresinol diglucoside (PDG) combined with psoralenoside (PSS)
and isopsoralenoside (IPSS), zebrafish embryonic development including embryonic teratogenicity and lethality were observed, and
half death concentration (LCso) of zebrafish was calculated; Zebrafish were exposed to the above compatible compositions at 1-6 dpf
to analyze the dynamic changes of PSS and/or IPSS and their metabolites psoralen (PS) and/or isopsoralen (IPS); The zebrafish
osteoporosis model was induced with 25 pmol/L prednisolone, microscopic observation and digital imaging of zebrafish larvae of each
treatment group cultured to 8 dpf were performed using alizarin red, and the bone staining area was quantitatively analyzed by image
software to evaluate the anti-osteoporosis activity of the above compatibility combinations. Results LEEC combined with CEPF and
PDG combined with PSS and IPSS could alleviate zebrafish morphology distortion of heart, yolk sac, etc. and reduce fish mortality,
and increase teratogenic or lethal concentrations of fish, significantly slowed down the conversion rate of PSS and IPSS to potential
liver injury metabolites PS and IPS, and slowed down the production of toxic metabolites was an important factor for the attenuating
effect of Eucommiae Cortex combined with Psoraleae Fructus; LEEC combined with CEPF and PDG combined with PSS and IPSS
could increase the cumulative optical density of zebrafish skull, suggesting a certain synergistic effect. Conclusion The effects of
Eucommiae Cortex compatibility on metabolism and toxicity/efficacy of CEPF and its representative components were high efficiently
evaluated by zebrafish multimodal analysis, so as to provide efficient methods and ideas for indicating the attenuating and synergistic
effects of Eucommiae Cortex compatibility with Psoraleae Fructus.

Key words: zebrafish; Psoraleae Fructus; Eucommiae Cortex; toxicity; metabolism; osteoporosis; psoralen; isopsoralen;

psoralenoside; isopsoralenoside; pinoresinol diglucoside
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HiIFFXTAME B2 (psoralen, PS) AU FEAEHIB. #her
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AT BE AL 0 R AE P b e, AR OR
EHEREF A, SRR, RN AR
ZBRGWIIRUBEr= A, M IEREE R v] s
RCE T EE G 02T, PR, SR EOATL S AR
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BEASTEM, RUHALAE & AR M RZ IR Y (lignan
extract of Eucommiae Cortex, LEEC) S5#ME &=
FHEE) (coumarin extract of Psoraleae Fructus,
CEPF) Fiffi A Je & BT A TCAR, A SRR
Y BARFNELF (AR L A0 B 3y, IR R — 24
Fic (A PR 1
1 M8
1.1 )

BE It 8 H R SR A R A IR A
A, Nf#E[E Tuebingen & &
1.2 ZAm5iH

EAMERE GEHIONIY N, 65 201019, FE R
W 2R B IRAED . AL GRS, #ES
20210902-01, ST [FIFEZA R AR HILFHE H
PEEE S A R RIE, DL EZGM T 7548 h R 2580 52
Bt 5 e AN IT 524 S A SR E AN E R P
corylifolia L. 1) 15 il R 52 AL A0 B E 4 4L
Eucommia ulmoides Oliv. [T 1M & ; XHHE M PSS
(fit5 210306, Jii&E 7 %>98%). IPSS (fit5
200930, JHESSE>98%) M H iR L 2R
HIRAR; TS PS (5 110739-201918, JfiE
HCN 99.6%)+ TIPS (fit'5 110738-202016, JfiE )
N 99.4%) W H HE 52 A E T AR 0T ER
i P i B 78] % BE T (pinoresinol diglucoside, PDG,
b5 20011401, JEE73HCN 98.64%) T H AR HE
A ARG AT LEEC NS EH], PDG
RN 4.02%; CEPF (itt'5 D191021-3) Ayif
WZHE |, PS. IPS. PSS. IPSS Ji&EHZ Ffl N
68.17%; #i&ZL (b5 KO8J9C63243). 1k B Jpie —
B (L5 K22A8M34493) I H i E M AR A
FRaw]; Bmikg o (5 20095191, 22035238)
T E BT TRFIA RA R EERHIF AR @
WL (S G1826012) W FH R+ T I A PR A
")y R IS FD050193, JREDHHN 98%)
B EBERAEEAR BEAIRAR: 2REEE iy
20140901 WH FigR W TAHRAA .
1.3 {42&

SMZ800N 4 B s ( H A Nikon AH]); SPX-
80 BA AL FE FRAE (T I HE AR S IR AXAR) )5 1260
R A =B s (3EE Agilent A ); N-
EVAP™ 112 B & mk A (€ Origanomation
Associates A ] ); KQ3200B A F g vegs (Rl
T EA PR AR D; MS105DU B3 #r K°F (Kt

—+ Mettler Toledo A F] ).
2 ik
2.1 HPLC i ElERKREERZRS

Agilent Zorbax Extend Cis 4% (250 mm X 4.6
mm, 5um), FEAHNLIE (A) -0.1%H BRKER
(B), FHFEYEi: 0min, 10%A; 0~30min, 10%~
50% A; 30~40 min, 50%~60% A. FEif 25 C;
PRARE 1.0 mL/min; A K 246 nm; 21T [H]
40 min; #EFEE 20 pL. 7304t CEPF Fiffi LEEC LA K
PSS. IPSS 7} SIlcAE PDG (AEAT AR RACE )
S L EfEHATTER 4 MURET RS (PSS,
IPSS. PS. IPS).

22 AMS&FENHMNIEEETEERLERS R
EXed:0pA

2.2.1  HAVERECH] k5 EFREL CEPF Ml LEEC i& &,
3l B R (2.9% NaCl. 0.125 8% KCl. 0.485 1%
CaCly-2H,0. 0.811 8% MgSO4-7H,0) Ht fill B it &k
JE 43514 100+ 200+ 400, 600+ 800 pg/mL ( L CEPF
11) #J CEPF. LEEC. CEPF-LEEC (1 : 4). CEPF-
LEEC (1 : 2). CEPF-LEEC (1 : 1) # CEPF-LEEC
(2D #EHA.

% FREL PSS IPSS BAK PDG &, 43l
FLFREERC I | mg/mL HBER, K PSS, IPSS (£}
0053 9 R BB BRI FE A 100 200+ 300+ 400+ 500
pg/mL VW, PDG I BERARE U SN 100,
200, 400. 600. 800 ug/mL ¥, PSS. IPSS [
BEB A5 PDG HIBEAHR 5 & 2 M ELBIRRE B =
W N 100, 200 300, 400. 500 ug/mL KV (43
AILL PSS B IPSS 1)

222 BRG] WGBTS MR E AR
A, B EER TR, 7 28.5 CREFRFETRE R
24 h. B4 )5 1d Cone day after fertilization, 1 dpf)
PEE IR E 24 LR, BEAL 10 NIRAG, 30 A4
R/, 53 0] 2 e 1A [E) ot 2 B2 ) ki
fL 2 mL ¥, HEBFREET A, SRR
TS, TRME PSRaRES, T 3 dpf B(
3~6 dpf B T R4EE M, —Eid5x%F] 6 dpf.
2.2.3 4T FIFH SPSS 16.0 B4 6 dpf H
PG SAE A E (20% lethal concentration, LCa)
FREHBETIREE (LCso)o

23 AMSETTENHMEAHEENEETRAL
D& aRadtil oAl

231 WEMOHE%Y) ¥ 1 dpf MRS A
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T 24 FLHRCF, % & CEPF(50 pg/mL)# . 1CEPF :
2LEEC (50 pg/mL, LA CEPF i) 4. LEEC (100
pg/mL) ZH. PSS (10 pg/mL) 4. IPSS (10 ug/mL)
2H.5PSS : 2PDG (10 pug/mL, LA PSS i+)4H . 5IPSS :
2PDG (10 ug/mL, LLIPSS it) 41, A& ERIMNA
(PIA RS A2 . 5L 10 MIRAG, TR EIRE &
2 ANPATAH, FFLAZM 2 mL, HCT 28.5 ClER
B FRAR R IR A 6 dpf. 70 i T I S R FR 245305 0+
1. 2. 3. 4. SARRINZGE 2 mL, & T-20 CIK
P IRAE

232 FEAANIE ¥ EIRGZ)E 0~5 d AR,
FZ, AT, I 80%HE 1 mL Vi,

BERE 20 uL, 4T HPLC 2047,

24 ARS&ITENHMERAEHFENEEI RS
BRI e REAAE MRS

2.4.1  HRBCH

(D) RJe e im g s): FEEREUR e e 9
mg, I HFEIHK (dimethyl sulfoxide, DMSO)
1 mL VAR, B 25 mmol/L ik JE A Jefits . B
RIEHA A BOE R, ik 1000 {515 2] 25 pmol/L
T

(2) MCE IR —BiAIC ) A 25 PR AR B
FR 44 6 mg, MMARGFRE | mL i&fE, 15 6 mg/mL
R IR — AN W UK IR — v 5 TR IR
Jera et & RoE R, MREFREMBAS S 25 pmol/L
RJERA LI 30 pg/mL 4K B IR —BNVA W -

(3) VR HIBCH] . 3 #IEL CEPF. LEEC #1 25
mmol/L J&JEFa e fig 2 s L, FL i 25 pmol/L Ik
Je¥a el CEPF (0.1. 0.5. 2.5ug/mL). LEEC (0.1.
0.5. 2.5 pg/mL) % 1CEPF : 2LEEC (0.1. 0.5. 2.5
ug/mL, UL CEPF 1), HEHiBt 5 -5 B /e T 7L
43 AIEL PSS, IPSS. PDG #il 25 mmol/L & JEFA it %
WO, FHES 25 umol/L K JEFA LI PSS (0.08.
0.4 2 ug/mL). IPSS (0.08. 0.4 2 pg/mL). PDG (0.08-
0.4. 2 pg/mL). 5PSS : 2PDG (0.08. 0.4. 2 pg/mL,
PLPSS i1) /% 5SIPSS : 2PDG (0.08. 0.4. 2 pg/mL,
PLIPSS 11, BEHiBE 5 g A E L.

242 MM 5%Y) ¥ 3 dpf KBS ARG
TN 24 LR, BEAL 10 MG, B4 20 MIRE,
WHE 0.4% DMSO IFHXT IR . BRI (25 pmol/L
WRIBRAIE) BRI (30 pg/mL % IR — 4
F S BRI, BEALINN S B IR B VAR 2 mL. ¥4
24 LB 28.5 CHEERIFR TR FE 5d, BRI

1 mLFriaw, iR 8 dpf.
243 POz pEe. FERaES N Y
ARG FRE 8 dpf, ] 4%% T EEALFEE il 1k
Ja, FH 1%KOH FLHI 2 1.5% Ha0, 35 H 7R
WIEE G, FPE RN B 4 S g e,
A 1% KOH-H (10 1D [EMmiEe, £k
Z R Yeta5f]. F Image pro plus 6.0 B HHE &
Yot AL THIRURD R A G B A
2.4.4 BESHT H Excel BAEGHH B YL tn
A TR AR A B, 1F B8 28 1)~
P pniE 2 DA e R (n=15~20), LL
test ELER P AHLIA] (1) &5 R 22 75 i FH SPSS 16.0 1AL
PR ZE i 2 IR 25 R L, T 225 PE A B
INEEMZE VL (LSD) BT PR, %
AEFF BT B Dunnett’s 73 34720 18] 5 78 EL A
3 #R
31 #MEARMFENEETREI/ TR
EXi3-A10)
3.1.1 LEEC Ecfh CEPF & —FHAFE R BN B
fERHE R B 528 3 dpf 5 L4,
FHERS R B REA e A, fARIE R, TR B MR,
T PR EATEW . BEW. XT3 dpf 8¢ 3~6
dpf BEL ta gl AT SRR, W 1 PR,
5%t FR4LEE#E, CEPF (600 800 pg/mL) 4 H B
BPR, GIEEEEN R, 22 LEEC (100~800 pg/mL)
HAR W RO, JPEREARE; —FHARFL
% (CEPF : LEEC N 1:4~2:1) Ffhj5, farEs
B0V, UREEEEIAL 5 CEPF (U7 &AH5%, 24 CEPF :
LEEC 1 :4#11:2, 100~800ug/mL %52454H i
ARWBEOHE, IIEESFEARAS; % CEPF T bt
34 n, CEPF : LEEC 41 :1 /12 : 1K, 600, 800
pg/mL 252 H A IO AR, SN s R R e s,
B AR . $7~ LEEC 7515 24 )5 Sk B i m ot
CEPF 5| 25t 5 i = 228 B WAL
AR A E 2R PSS, IPSS, FEfAAR
FE ST PDG KA i sk B4 3 dpf Bt 5 £
O, T REETRA R W R (E 2), $&Rit
I - 2 v A A f BH SR 350, S T AR T A R
FEXT I o BEA 45 250 (B3 2 5~6 dpf B, 400~
500 pg/mL PSS+ IPSS MKACiid AT, H 500
ng/mL PSS 5 IPSS 20 fi ™ £ ] W i A%, Gt By 25
i, S, B PDG 5, BRI ENEE,
LR IR A Y .
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LEEC 1CEPF : 4LEEC

1CEPF : 2LEEC  ICEPF : 1LEEC

2CEPF © 1LEEC

B 1 CEPF. LEEC R _—EFc{hH 3 dpf i & 41& R E
Fig. 1 Micrograph of zebrafish larvae exposed to CEPF, LEEC and their compatibility groups at 3 dpf

3.1.2 LEEC fidfhi CEPF K —# 0Kl Bt
LB H A LEEC fidfhi CEPF B 5 a1
FET 35 45 24 T B R FE AN o) S A 2 AH G, H4
Zh N ] -7 AR T AR G R LR 30 AR AR T R i 44T
i 6 dpf BE 5 fa FET -3 A 20% 0] 3525 25 2H 1) LCol'9),
LCa M/NEI KM KN CEPF (159.8 pg/mL) <
2CEPF : ILEEC (2222 pg/mL) <ICEPF : 1LEEC
(552.3 pg/mL) <1CEPF : 2LEEC (650.2 pg/mL) <
1CEPF : 4LEEC (696.9 ng/mL) <LEEC (726.4

ng/mL)o LCayo i, ZAathikiy, Al W LEEC %4
P if, CEPF i %, & lifl)5, fi% CEPF
It 5 B3N, 2 At A AR 2

Wi 3 i, CEPF 252548 hjm, &
WL AR 2 dpf 1 3 dpf JET-FH/NT 20%, 7F
72~120 h J&, 200~800 pg/mL HIET- REEE L
oI A I, T 6 dpf ik 43.3%~100.0%,
100.0%5E T f AR5 VK E N 400 pg/mL; LEEC H
s 25, B 800 pg/mL 4H 6 dpf H1AET- 3Rk 33.3%,
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3 dpf 4 dpf 5 dpf 6 dpf
P Spemarecael
xtiE - - J—— " = X 45
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3dpf600 pgrmL!  § = | R W e .

P ng e b2 pre %120
3dpf800 pgmL™!  Sgems T @gpee &= 4
3 dpf 800 pg'mL™! AR Ll RGN | > . : 2 1 2 - 120

. — » 3 A : &

4dpfR00 pgmL! - e G & & X45
e

4 dpf 800 pg'mL ! .@F e~ AN e 4 X 120
P800 gL a — P = g

- i e
5dpf800 pgml!  @== o - Lo = X 45

|

5 dpf 800 pg-mL™! oo X120
L

— S <ol X 45
6 dpf800 ug'mL™! W= = o= BET: -

ﬁ) ;“%Q P 7 B e <12

o € e i = m_ X1
6 dpf 800 pg-mL =0 . ‘-"o“ >
PDG PSS 5PSS : 2PDG IPSS 5IPSS : 2PDG

5 Sk B
arrow indicates swim bladder
2 PSS, IPSS. PDG RAL{H4H 3~6 dpf BED & 4)f RiHAGILE
Fig. 2 Micrograph of zebrafish larvae exposed to PSS, IPSS, PDG and their respective compatibility groups at 3—6 dpf
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1CEPF : 4LEEC 1CEPF : 2LEEC 1CEPF ! 1LEEC 2CEPF : 1LEEC CEPF LEEC

100 pgrmL™!

=== 200 pug-mL"!

100
80
£ 60
M === 400 pg-mL"!
140
R 50 i; —8— 600 pg'mL"!
0 — — — — — - == 800 pg'mL"!
23456 23456 23456 23456 23456 23456
dpf
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100
80

o\\°
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jhaj
B
0
23 4 56 23 456 23 456
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TN PE
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=== 200 pg-mL"!
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=g 400 pg'mL"!
e 500 pg-mL!
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.mL"!
23 4 5 6 e 800 pg-mL

3 LEEC ECfh CEPF R —ERRMAEAE &L AT E-FE-FHTE
Fig. 3 Time-dose-mortality of zebrafish death caused by compatibility of LEEC with CEPF and coumarin representative

components of Psoraleae Fructus

oA & ot 5 B2 20 11 25 25 SR RSB T2 FR 3K T 20%:

T WAL (CEPF : LEEC N 11 4~1:1) 4% 72h
(4dpf) J&, BR 1CEPF : 4LEEC (800 pg/mL) #1ffi
FET2R 33.3%, HARLE R EIREH AT 2/
T 20%, 7£120h )5, 600~800 pg/mL 25545t
TSR KT 20%, 100.0%5E T KR Bk E N
600 ug/mL, {H4 CEPF : LEEC A2 : 1 i, 3T
FRIRS TE] 771 5 /R 5 CEPF BARRSA 24 LAY . $8
T ARLE—EH (CEPF : LEEC N 1:4~1":
D B, S Ib T s R, SR R, H
HIREAEH .

HE PR SRR S PSS Ml IPSS HALfPA
NEFRARE R PDG 73wl BCALL) 6 dpf BEE i LCxyo
MBI RN : PSS (268.8 pg/mL) <IPSS (304.7
pg/mL) <<5PSS : 2PDG (512.3 pg/mL) <<5IPSS :
2PDG (538.6 pg/mL). PDG 7% Jii fifk i 41 fi 45 245 3]
6] JUFTEAET: (BET-%<6.7%). 0] W, PSS Al IPSS
Biff PDG J&, LCoo fHIGMIT 1 f5o

PSS. IPSS K43 BB PDG, 4525 96 h (5 dpf)
G, SR EIKEA R S AT RICT 20%: 452
120h J&, PSS (400. 500 pug/mL) ZHIET-F LTI N
46.7%- 66.7%, 53 B ELECAH PDG 215 6.7%- 13.4%;
IPSS (400, 500 pug/mL) HIET-F EFHN 46.7%-

96.7%, 43 LA PDG 215 23.4%. 56.7%.
3.1.3 LEEC [idfhi CEPF K —#ACR B Atixd Bt
i LCso HUEEM  HAZ% BE 5 1 [ LCso /)N,
R\ H AT AL R EIRERAL, BB,
Wk 4 FioR, LCso AR Zj i & it, CEPF 1) LCsofH
(209.3 pg/mL) f/h, BEPEHCK, Bofth LEEC f5, 4
AW LCso {E BE# CEPF [ ELB /N 38 m, Herpr
1CEPF : 2LEEC #1 1CEPF : 4LEEC 4 &%)H] LCso
R T =258, J& CEPF [f) LCso fE[1 8.3 14.3
%, &7~ LEEC 7] B f#AIC CEPF M &% .

i EE SRR NS PSS 5 IPSS A E 6
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