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Study on the Effects of Self-assembly Micelles of Euphorbiae Semen Fatty Oil on Intestinal Absorption of 4
Kinds of Euphorbia in Rats

YUAN Yaohui', XU Jingjing®, GUO Fei’, ZHANG Chao', WANG Yingzi'(1. School of Pharmaceutical Sciences,
Shandong University of TCM, Jinan 250355, China; 2. Shandong Dong’ e Guojiaotang E-Jiao Pharmaceutical
Co., Ltd., Shangdong Dong’ e 252201, China; 3. Department of Laboratory, the Affiliated Hospital of Shandong
University of TCM, Jinan 250011, China; 4. School of Chinese Materia Medica, Beijing University of TCM,
Beijing 100102, China)

ABSTRACT OBJECTIVE: To study the effects of different amounts of Euphorbiae Semen fatty oil in self-assembly micelles on
intestinal absorption of 4 kinds of euphorbia (euphorbia L, L., L;, L) in rats. METHODS: The self-assembled micelle solution
containing 4 kinds of euphorbia was prepared by adding 4 kinds of euphorbia (40 mg/L) in excess, using the fatty oil of Euphorbia
Semen (0.2, 0.4, 1, 4 g/L) and sodium deoxycholate as carriers. Totally 60 rats were collected to establish in-situ one-way
intestinal perfusion model. Different intestinal segments (duodenum, jejunum, ileum, colon) were perfused with drug-containing
intestinal perfusion fluid according to different dosage of Euphorbiae Semen fatty oil. HPLC method was adopted to determine the
contents of 4 kinds of euphorbia in the intestinal perfusate before and after perfusion. The absorption rate constant (K,) and
apparent absorption coefficient (P.;) of 4 kinds of euphorbia in different intestinal segments were calculated. The ileum segment
with better absorption was selected as the object to investigate and calculate the accumulative absorption of 4 kinds of euphorbia.
RESULTS: The self-assembled micelles formed by different concentrations of fatty oil of Euphorbiae Semen could significantly
increase the absorption of 4 kinds of euphorbia in different intestinal segments to different extents. When the dosage of Euphorbiae

Semen fatty oil was 0.4 g/L, the intestinal absorption effect of 4 kinds of euphorbia were all the best; the P+ was significantly

increased, compared with no fat oil group (P<<0.05 or P<<

A BT« E K B RR R S H (No.81673597) 5 LI AR ) .
0.01). According to the order of K, and P.: of each intestinal
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segment in different fatty oil dosage groups, the absorption
effect of 4 kinds of euphorbia in each intestinal segment was
the best in jejunum and the worst in colon. Compared with no

fatty oil group, when the amount of Euphorbiae Semen fatty
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oil was 0.2-4 g/L, accumulative amount of 4 kinds of euphorbia in the ileum of rats increased significantly (P<<0.05 or P<<0.01),
and the highest in 0.4 g/L Euphorbiae Semen fatty oil group. CONCLUSIONS: The self-assembly micelles composed of Euphorbiae

Semen fatty oil and deoxycholate can increase the absorption of euphorbia L;, L., L;, Ls in each intestinal segment to different

extent, and the jejunum is the main absorption segment.

KEYWORDS Euphorbiae Semen fatty oil; Euphorbia; Self-assembled micelle; Rat; Intestinal absorption
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Fig 1 Chemical structures of euphorbia L, L., L, Ls
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2.1.2 QAR T &R AR ARYEHTH
TSR, Hil 8 A6 T4 F e i A a8 T4 1
F A AW . 53 PRI I 2 1 4 g 15 il

HEEZGS 2020455 315 4



MT4F% L. L. L LA S & T RSB,
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TF R kA E (1)) , B2 N ik T
i, PEAE S SHE AR AR K B 3T CCTA K-R 2%
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PRBS FRUA TR, FER 20 min AU i N — 2000 H T AR R
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ST AR N RURI R VR N B o, DT AR
BT IV AR T . SIS A AR K A I S 56 i B B
L E B R T A bR A L RN R
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2.3.1 RAEXBEERAHSE BTE&FRL . L.L.
L AR G 4508 i KB ARE , B [F— 5 mL &t i,
TR P SR O A R A R B AT, A B VR R O3 )
544 530,556,568 mg/L FRIIE-E X IR S VAT

2.3.2  fHASIERAIHI . C2.27 W R LA S,
B0 VR D R IN TR RTINS 8 T 0 R TG <
H, AR SRR 3 UK, B 10 mL; 5 32 UK, K
KT AR LU A I E 25 2 2 mL b #5257, S
2.3.3  SPRRMEI RS F2.2" TR kST K RAE
AR AR | DL KR 28 M A 1 2 M HE S 0 T
TEUR SR, WUCER TR AR s A TR, #2.3.27 I
A A W

234 (REAM A3 Inertsil ODS-3 (250 mmx4.6
mm, 5 um) ; HEL 25 °C5 s FHEE-7K (82: 18, V1) ;
JH ;1.0 mL/min; K037 K 2 275 nm; PEFERE : 20 pl.,
2.35  OENEILEEEE SHATIIT R T 4R
Ta&FROTEWER ks HL, | 2.3.17~23.3"
TR YR X B VA v RS VS R (0.2 g/L Ag i i 456
20 min BUREIR ) R 28 VAT, 75 2.3.47 100 F €633 45 14k
BEOSR O, WL 2, 250, 2 AR RS T3 4
P4 PR IE (K 2); T4 &L L. L. L&
3 Y B2 118 9 1R 43 391) oy 1.088~87.04 mg/L (r=
0.999 7) | 1.06~84.8 mg/L (r=0.999 8) , 1.112~88.96
mg/L (r=0.999 7) . 1.136~90.88 mg/L (+=0.999 7) ; ¥}
W etk EE IR RSD /N T 3% (n=6) 5 il
BT 43 31 24 (101.27 + 2.15) % . (98.70 + 1.81) % .
(97.77 +1.34)% . (102.38 + 1.58) % ,RSD #1/NF 2.5%
(n=6).

3754
> 1
7 250} 2,
S 125] /L/\ 4

01 v T T T T . T T T T
0 25 50 75 100 125 150 175 200 225 250

1, min
ARAX HE S

200
> 150
E 100

> 50 12 3 4
0

0 2.5 5.0 7.5 100 125 150 175 20.0 225 25.0

f,min
> 5.0
g 25
S0

B (0.2 /L BRI IMALSS 20 min BUFEIR)
0 2.5 5.0 7.5 10.0 12.5 15.0 175 20.0 225 25.0

t, min
CASFIM
BE : 1:‘:&2\?% Ls; 2%%?% L B:F‘é%% Ls; 4*%%% L,
Note: 1. euphorbia Ls; 2. euphorbia L3 3. euphorbia Ls; 4. euphor-
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Fig2 HPLC chromatograms
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2.3.6 WS AR T & T RIERENES R
A A5 R, S BUIR WM 5 0.2 o/L i A 413
JE AV, 6 50, 43 BT 37 CRIEL0.1.2.3 4 hilih, 28
0.22 pm LIRS J5 , #242.3.27 W Jr ikl 4 ik
AR, PR 2.3.37 0T (0 3 S A HEREI R IR e il
LR AR T TR &R, B0 37 Clai i 2
A AR B IR o AR I . AR, A AR
APIRERE , R LR BE T SF R 4 M T T RIEA
[ A] R F] A 2 i RSD#/NF2.5% (n=5) , LK 1. X
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Tab 1 Results of stability tests of 4 kinds of euphorbia
during intestinal perfusion at 37 °C
ANFIELE 7 mg/ L

HE(xts),

PRl m m n m m gL RSD, %
TAFEL 841 837 8.14 8.19 829 828£0.11 139
TATEL 415 437 417 425 43 4254000 2
T&FEL 7128 7.13 123 72 7.09 7.19+0.08 1.08
TAFEL W& 17 2 ua 11.98 1196019 163

2.3.7 FEAGRINE 227N EIR LA T, S
BN [R) 2E 3] 55 245 M S Y PO W S R R 9 P VR, e 2.3.27
TR J5 il 4 At R, I T4 2.3.37 T T gk S A i
FEGMT, LABRERh 2 o 6
2.4 HIEAME

HR A 2,37 N 45 5, 4 P AR 4 R4
TR KAE (min ") il PeofH (cm/min) : K,= (1 — couVoud/
Vi) * O Vi Pav=— O+ In(coVadcVi) /A ZH, i il Cou
3 B A 122 gy B ORI YR R G ) R o A
(mg/L) 5 Vi Rl Voo 5350 A 12 i BETRE 0 VR A TRE S BRI A+ YA
AR (mL, ¥ LIBAA 2R ) s O ATERLHEE (mL/min) 5
VRIZHE R B AR (em?) , V=nR’L[R J %M B 1%
(em) , L HZ MBI (em) s 4 % 8E i i Bo i e 1w
Fl(em’) , A=2nRL, o VEFW M A S I B e
R TR IE , BB AR B 11 BT R T — A
U S0 0 RO S R P JE 6 T 3 3] 3 7R TR R RO
EOREN A 0 N 73 D R /s W = R L R o - S D
SRR (Q) : Q= eV CouVius BEEE A B 18] 15 5 B Bt
ATt 20, BISA T4 F- R i SRR I .

K SPSS 17.0 A AT 4e A0 3T, S0 85s L x +
S FTN , A ALV HL AR F B R 2R 5 22 73 A1 (One-way
ANOVA)., P<0.05 NZEFAGIH4E .
3 #£R
31 ARFE&FEMEAEMIMTFEFEERRSE
P B8 v R 175 052 9 22 M

120 min AERFE AL FEH A PP T & TR AR+
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TR 2 g S5 R A R KB P (LI R 25
R 2, W22 0] WL, AS 6] T4 1 g D il A 1) A 41
BRI RE N 4 Fh T4 F RS B KB P 52
PURTRIRREE T o M T T A4 0.4 /LB,
AR T4r T R AEA W BEX S PR R, B 5 A8 & IR G
HAL(0 g/L, TR beds, H P fE 34 2 2 7 (P<<0.05 5§,
P<0.01); S5 AERIIMA LK, TE&FELAETZ
B L T4 7R L, L eSS I Brh i KA 22 7 080
T2 L (P>0.05) Z 40 A ET4 IR im A R4 b 4
T4 F RSB KABY B2 THE (P<0.05 5, P<
0.01) o ARG Wi FH B 245 W B 1) K. Pl HEY - 24
TaFIRVIMARE R 0.2 gL}, T4 FFE L .L.LH
K, PoAEFEZE WA N et , T4 T % Lo Ko P (ELTE
51 fizs b 35 Fydre v, A P T 4 F R B Ko P {BLAESS i A0 1
NEAR (PR T4 T K LAY P {ELLE B AL B ARSD ) 5 24T
S FNgI AN 0.4 /LI, T4 F &L, LMW K, . Pl
FEZS WAL Y Rt , T4 F 3 Lo Lo K, P {ELTE 1 A
YR, A Bl T4 T 20 K. P (EL7E 45 1 b 35 1 B 1K
(PR T4 T L LW P fBAE T 38 WA A0 R B AKAN) 5 24
T4 TR AEN L gL, T4 FEL L. LK.
PofHAEZS AL 4 fie s , T4 F 3 Lo Ko Pl EAE [0/
Wb ¥ A B, A BD T4 T R I K. P {ELAE S5 I A0 34 B
G 4T & TIEMAE N 4 g/LI AR T4 T HEI K.
PoABTEZS I Ab 3yt (BR T4 F 3 Lo KABAE R
Wb SR i Ah )  HESE I AL Y R AR (BR T4 TR Lo PerfBL
FEWIA AL R I fIRAE ) o AT T4 T R AR5 WA B ROk
E SN =Sy 7R e SO R e () <k
32 ARFEFEHBAEN4AMTFETFEERRE
P B R AR R W 2 19 220

122 2 1 DL AN -4 7 AR Uil A s gl v 4 Fb 42
T BRAE A W BRI e 5 (S5 A R Il 4 e, HE
IV AP AR T & T RES BN KAHZE T
KA T Ge 2478 L (P>0.05) , #E L) LA AS [ J8 I T
RS W2 5. R, S B s 45 4 14 [ i
B[ S5ANE g i 4 e A, A B M e FH o 4 1 KA
P {H 22 R Gt 242 L (P<0.01) 13047 R AR Y
T R ER, SAEIRMAL AL, T4 F IR
R 0.2~4 g/LB, AR T & FRAK R R
W g 34 4 3 T (P<<0.05 8% P<<0.01), H.LL 0.4 g/L i
s i R Ry fe e PEDL R 3.
4 g

T4 ¥ 2 Lo Lo Lo L 328 T4 il e B il it i
FALEW , & 2 i, k)N, R F ACD/ChemS-
ketch 10.0 FAF T 4 Fh T 4 F R M5 K 5o 51h
5.55 +0.53.8.61 +0.45.7.25 + 0.42 .5.56 + 0.43, #f —
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®2 AREAETE&FEMMATIMTEFREXREHRBEH K EF PofE(x £s,n=6)

Tab 2 K, and P of 4 kinds of euphorbia in each intestinal segment of rats in different amounts of Euphorbiae Se-

men fatty oil groups(x+s,n=6)

e Y NG K, x 107" min” P, X107 cm/min
- gL T4TEL T4 1AL T4TEL T4 7EL T4TEL T4TEL T4TEL T4TEL
T4 0 132£0.08 0.79£0.05 1.08£0.09 133£0.11 2374022 1.05£0.09 1.66+0.11 2.38+0.18
02 139£0.20 1.0940.14" 135£0.17" 1.56£0.22 274£025° 17540247 281£037 383047
04 141£0.26 12640.18" 1454023 15940217 295+047° 21550197 295+0.38" 4561057
| 136£0.17 1.08£0.14° 1251016 1524025 2.600.26 1632018 2.09+0.22° 3730507
4 135£0.15 0.93+0.10 120£0.14 146+0.19 2524035 126£0.09 1934024 3041033
=l 0 142£0.14 142£0.25 137£0.17 142£0.23 3172040 2871036 2574032 290037
02 1681024 1.63£0.28 144£0.18 1.65+0.21 5831119 429+087" 280057 45340927
04 1724026 1.67£0.19 1484022 1.68+021° 6.79+1.58" 458+1.07" 317£0.74 49241157
1 14540.11 14540.11 136£0.08 146+0.09 5374103 323£0.62° 278+0.53 347067
4 142£0.14 142£0.20 136£0.17 144£0.22 426£0.72° 3.18£0.54 2611044 3271056
7 0 1.05£0.09 0.71£0.05 0.87+0.09 1.00£0.10 152£0.14 0.86£0.08 1162011 141£0.14
02 1524021 0.94+0.14™ 13020207 1.66+021"" 346£047 1360227 228+0.19™ 5.16+0.90°
04 156024 126+0.22" 155+021" 170£0.19" 4161057 2514037 4184057 6.28% 118"
1 143£024™ 0.88+0.15 1284022 1581027 22840307 1.16+0.16" 227£0.19° 3941047
4 14240227 0.8740.08 12240.16 155£0.17° 22040227 1.08£0.08 219£0217" 2.69+0.26™
& 0 043+0.03 0.50+0.04 042003 0.50+0.04 0.91+0.09 114£0.11 0.98+0.10 1.13£0.09
02 0.58+0.08" 0.54+0.05 0.59£0.09" 0.6410.10" 1650217 189£0.19° 1574022 19240.19*
04 0.74£0.08 0.72£0.08" 0.60£0.09" 0.72£0.11% 35610487 25540377 168021 2974047
1 0.53£0.05 0.5410.04 0.57+0.08" 0.5410.05 152£0.17° 116£0.15 12240.16° 118£0.14
4 0.50+0.05 0.50+0.04 0.46+0.06 0.51+0.04 1551023 1.14£0.11 118£0.11 124£0.12

T SAE IR, * P<<0.05, **P<<0.01
Note: vs. no fatty oil group, *P<<0.05, **P<<0.01
*3 AREEFHHMAESEAFIMTETFEERRERE
HIRFRMUYE (x+5,n=06)
Tab 3 Accumulative absorption of 4 kinds of euphor-
bia in ileum of rats in different amount of Eu-
phorbiae Semen fatty oil groups(x+s,n=6)

NGt RAOWRE, g

AL gL TaTEL TaTEL TaTEL TETEL
0 86594782 57.10£6.64 7L00£7.95 80.6248.14
02 125971591 192021249 10815417007 137.76£1746"
04 189741749 105.18220.18"" 19001677 142791595
I 1143041926 T347£1154" 1026617437 1334422288
4 1023941985 6898495 103801280 112652 1243"

TE - ST IRIHm 4L gL, *P<<0.05, " P<0.01
Note: vs. no fatty oil group, “P<<0.05, “*P<<0.01

UESE T X 4 Bl T4 1 ok AR R AL S W B R AR
AN RT3 AR T T R R TARA AL e i
PEBIAEE Y , v i B e A PR S B2 ) O B TR 3R
BT 7 & Lo WBAR 22, KR AR & 25 ), il ad
50% M B 25 W R AEREHE AR SN A BESEUESE , B Wi
PRAENS S 5 T e IR R B TR T i 55 25 00 FR 7 A BE, K
TS ITZS ) A AR N, B A BE AR TR AR IR e

PRV AE PR T B AR R BT i il R S R
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