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[ Abstract ]
constituents, namely (+)-pinoresinol di-O-B-D-glucopyr-anoside (PDG) , genipinic acid (GA), chlorogenic acid (CA) ,

Objective  To investigate differences in pharmacokinetics and accumulation of seven bioactive
protocatechuic acid (PCA) , neochlorogenic acid (NCA) , cryptochlorogenic acid (CCA) and ( +)-pinoresinol 4’ -0--D-
glucopyrano-side ( PG) in Eucommia ulmoides after multiple intragastric administrations between normal rats and
spontaneously hypertensive rats ( SHRs). Methods Normal rats and SHRs received intragastric Eucommia ulmoides
extract at a dose of 5.4 ¢/(kg-d) for 7 consecutive days. Then, the pharmacokinetic parameters and tissue distribution
were compared between normal rats and SHRs. Results  Pharmacokinetic tests showed no obvious differences in all
pharmacokinetic parameters of NCA and CCA between normal and model groups. The T, , value of PDG in SHRs was 0.26
times that of normal rats. In model group, the T,,,, T, . and AUC, of GA were 2.20, 0.04 and 0.50 times those of normal
group, respectively. For model group, the T, , value of PG was 0.55 times that of normal group. Compared with normal
rats, the T, , of PCA in SHRs was increased by 2.04 times. The T, , and AUC,, of CA in SHRs were 1.93 and 0.64 times of
normal rats, respectively. Accumulation analysis showed that all representative active components were mainly distributed in
the stomach, intestines, heart, liver and lungs. Except for CCA, the contents of the others in SHRs presented notable
differences in tissues of two to seven compared with normal group. Conclusions The pharmacokinetics and accumulation of
active anti-hypertensive components in Eucommia ulmoides extract after multiple administrations in rats were influenced
remarkably by the pathological state of spontaneous hypertension. Moreover, it is important to learn about the

pharmacokinetic characteristics of drugs for those who suffer from hypertension and need to take medicine persistently. This

study provides a reference for clinical dosage adjustment of Eucommia ulmoides when used long-term.
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Figure 1 Concentration-time profiles of GA,PG,CA,PCA,PDG,NCA,CCA in normal and SHR model after multiple intragastrically

administered Eucommia ulmoides extract

®1 ZRHEBSZE PDC Al GA FE1EH SRR FUA M ) PK B8 (x+5,n=6)
Table 1 Pharmacokinetic parameters of PDG and GA in normal and SHR model after multiple intragastrically administered

FEucommia ulmoides extract

B RNERE A A B PDG HIEFHTR GA
Pharmacokinetic = — pows —
parameers EH4l gl 4l S
Control Model Control Model
Ty»(h) 37.15+15.33 9.65+3.49 7.41£0. 98 16.27+7.45*
Toae(h) 0. 15+0. 09 0.12+0.07 5.65+3.48 0. 21+0. 09 ***
Cpax(ng/L) 666. 07+185. 26 862. 02+183. 39 4852+1343. 82 4703.71£1282. 64

AUC, ((h - pg)/L)
AUC,., ((h - pg)/L)
Vd/F (L/kg)
CL/F (L/(h - kg))
MRT,,(h)
MRT,_, (h)

735.15£216. 65
1346. 46+386. 24
1243.20+356. 00

800. 46+230. 71
970. 15+174. 63
490. 41+130. 56 ™

28.36+13.24 34.51+6. 13
6.42+2.20 5.48+1.09
41.52+15.78 12.13+£7.03*

66450. 43+12635. 04
77155. 00+14796. 21

33284. 00+16490. 31 ™
37851.00+12383. 17 **

9.12£2.05 37.78+13. 84"
0.85+0. 15 1.67+0.17 ™
9.37+0. 65 9.72+1. 65
12.89+1. 65 25.43+5.17"

TE: HIER AL, *P<0.05, **P<0.01, **P<0. 001,
Note. Compared with the control group, “P<0. 05, **P<0. 01, *P<0. 001.
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K2 ZWHEBHYIS PG I PCA TEIEHR MAAIR BN PK 28 (x+5,n=6)

Table 2 Pharmacokinetic parameters of PG and PCA in normal and SHR model after multiple intragastrically administered

Eucommia ulmoides extract

ENSH WA R A HIH PG JEJLZSHR PCA
Pharmacokinetic . — — —
parameters R4 I IEH 4 T2
Control Model Control Model
T,,»(h) 30.53+10.96 16.64+5.55" 12.09+2.33 24.62+11.70 "
T (h) 0.12+0. 07 0. 12+0. 07 0. 15+0.09 0. 15+0.09
Cax(Rg/L) 134. 44+76.79 150. 99+37. 12 508. 75+330. 99 543. 04+389. 56
AUCy,((h - pg)/L) 226.86+73. 12 202.58+29. 15 1066. 52+431. 19 1096. 68+422. 56
AUC . ((h - pg)/L) 494.62+148. 33 347.68+27.21 1381. 12+£303. 59 1690. 24+740. 91
Vd/F (L/kg) 2209.39+877. 16 1903. 07+552. 52 56. 86+12. 96 79.65+17.88 "
CL/F (L/(h - kg)) 67.47+28. 36 80. 20+6. 36 3.18+0.72 2.88+1.15
MRT,_ (h) 8.88x1.82 8.93+0. 87 7.61x1.60 7.38+1.89
MRT,_,, (h) 24.50+7.58 25.58+5.97 17.32+5.75 27.93+10. 44

T FIER AL, "P<0. 05,
Note. Compared with the control group, “P<0. 05.

K3 ZWHEESZE CA F CCA 7EIEH MARTI K BRIERN B PK S5 (x+s,n=6)

Table 3 Pharmacokinetic parameters of CA and CCA in normal and SHR model after multiple intragastrically administered

Eucommia ulmoides extract

SR SRR CA Fazk )R CCA
Pharmacokinetic AL R L R
parameters Control Model Control Model
Ty,(h) 12.33%3.23 23.80+16.42* 55.78+18.71 36.42+15. 18
Tpax(h) 0. 17+0. 09 0. 12+0. 08 0. 17+0. 09 0. 12+0. 07
Coan (Rg/L) 850. 88+291. 03 638.01=125. 39 239.05+104. 91 244. 82+96. 69
AUC,,( (h - pg)/L) 1206. 93+381. 46 772.37+90. 93 * 512.45+118.75 480. 14+98. 37
AUC,.,, ((h - ug)/L) 1742. 18+373. 00 1634. 97+464. 82 1694. 51£515.95 1295. 87+375. 05
Vd/F (L/kg) 62. 54£23. 61 112. 84224.57" 201. 81+84. 95 157. 50+80. 29
CL/F (L/(h - kg)) 3.42+0. 51 3.81£1.03 3.04£1.32 4.40+1.93
MRT,,(h) 7.84+2.05 7. 6410. 34 9.28+1.36 9.73+1.76
MRT,.., (h) 18. 82+7.25 34.15£10.53 " 78.29+21. 39 54.35+15.03

E: SIEWHMIL, "P<0.05,
Note. Compared with the control group, “P<0. 05.

R4 ZWHEBHZE NCA FEIEF SASRIK BUA MY

PK 250 (x+s,n=6)

FUSPESE . (4)PDG: B> > >0 >l > > ALA >

Table 4 Pharmacokinetic parameters of NCA in normal and

SHR model after multiple intragastrically administered

Eucommia ulmoides extract

B 24 FERERR NCA
Pharmacokinetic — y—
- EH4 fma
parameters
Control Model
Ty, (h) 50.47+18. 16 38.40=10. 96
Ty (h) 0. 120. 08 0. 120. 07
Cax(pg/L) 155.71+40. 10 119.52+54. 30

AUC, ((h - ng)/L)
AUC., ((h - pg)/L)
Vd/F (L/kg)
CL/F (L/(h - kg))
MRT,, (h)
MRT,_, (h)

483. 00+31. 38
1645.22+377. 43
99.13+16. 07
1.47+0. 43
10. 12+0. 85
71.78+24.35

448.82+42. 28
1377.90+622. 31
86. 01+20. 80
. 89+0. 66
10. 68+0. 96
57.74+15. 65

—

FRi>SEAL, (5) CA U HF> B > > il > i > 15> 5 > L
N>, (6)NCA . B >O>iisIF>im>sE>LA
SEALSH, (7)) CCA P> > B > Hli> s fiki> 5 >
ESLA

7 PG PE AR TE SHR A RLA Y 25 L85 B
(S HESTR A (1) PCA ;B > > il > BF > B > i >
D>SEESHUA L (2) GA: B >I>hilis>Os > >
SESHUASI, (3)PG: B>l o> LA > >
F>E . (4)PDG: B > >00 > F> il > 8> ik > LA >
BAL, (5)CA:>E > 0> HF>Hili> B > > 524> il
RIS, (6)NCA B >H>li>Os > s LA > 224
SESM, (7) CCA L U>HF>H> > li> 15 > k> > 52
SHLA
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RS ZWATHMEERYE CA NCA CCA 7EIEH K FUHI SHR BEAUA N & LHLU 2 it (x4s,n=6)
Table 5 Content of CA, NCA, CCA in rat different tissues homogenate of normal and SHR model at 24 h after multiple

intragastrically administered Fucommia ulmoides extract

- LR IER CA AR NCA FUERIETR CCA
Tissue B SHR %! IEH SHR #57 B SHR 57!
Control Model Control Model Control Model

> Heart 10. 24£2.20 8.94+2.10 4.20+1. 85 3.78+0.57 39.90+10. 88 43.43+12.23
JF Liver 8.29+2.48 7.87+1.98 3.28+0. 64 3.38+0.90 42.56+13.54 29.41+1.92
Ji§ Spleen 2.07+0. 46 1.83+0.42 1.51+0.17 1.48+0. 10 1.96+0. 52 1.29+0. 39
fili Lung 2.76+0. 88 3.47+0.94 3.65+0.19 4.08+0.75 4.79+0. 27 4.90+0. 40
¥ Kidney 1. 86+0. 47 2.81+0.43" 1.18+0. 36 0.79+0. 10" 1.71+0. 54 1. 82+0. 41
H Stomach 8.04x1.67 9.52+2.52 12.78+0. 83 12.98+1.43 5.12+1. 16 5.05+0.28
fi%i Brain 2.18+0. 66 0.92+0.20" 0.93+0.27 0. 63+0. 20 1.35+0.27 1.55+0. 34
W Intestine 5.74+0.96 10. 14+3. 30 3.04+0. 88 5.83+1.07™ 8.57+2.73 7.67+0.99
AL Muscle 1.49+0. 44 1.13+0.23 1.04+0. 13 0.97+0. 08 0.83+0. 10 1.00+0. 12
Z27L Testis 1.44+0. 30 1. 30+0. 20 1. 03+0. 07 0.91+0.06 " 0.92+0. 14 1.09+0. 24

IE: SIEHHAMI, *P<0.05, “P<0.01,
Note. Compared with the control group, “P<0. 05, **P<0. 01.

R 6 ZWHTHAMEIRYG PCA GA fEIEH KA SHR BRAN A AP Y& (325,0=6)
Table 6 Content of PCA, GA in rat different tissues homogenate of normal and SHR model at 24 h after multiple intragastrically

administered Eucommia ulmoides extract

20 JLIKR PCA SUET- PR GA
L i SHR #%1 EH SHR %
Tissue
Control Model Control Model
i[> Heart 2.51+0.73 2.41+0.75 166. 27+17. 36 151.78+46.22
JF Liver 4.49£1.75 7.69+1. 13" 165. 60+19. 16 147.45+15. 58
Ji8 Spleen 1.90+0. 72 2.34+0.37 14.70+1.28 14.53+2. 17
fifi Lung 5.47+1.19 10.29+2.75" 183. 99+33. 66 206. 83+58. 15
¥ Kidney 9.62+3. 13 6.52+2.03 440. 89+70. 64 118.70+27. 50 ™
H Stomach 146. 22+20. 12 646.99+124. 07 ™ 211.08+71. 41 1160. 87+132. 01 ™
Jiti Brain 1.46+0. 22 2.88+0.37™ 2.93+0. 87 2.19+0. 38
W Intestine 161. 81+29.59 172. 60+42. 62 1514. 85+548. 69 1157. 89+41. 46
WL Muscle 1.41+0. 33 1.20+0. 16 14.42+2. 80 3.36+0.95™
2L Testis 1. 50+0. 47 2.34+0.47" 11.75+2.58 7.07+1.49™

W HIEWAIM L, *P<0. 05, **P<0.01, **P<0.001,
Note. Compared with the control group, “P<0. 05, **P<0. 01, **P<0. 001.

RT ZWREGETHAMZBYE PG PDG TEIEH KB SHR BIRLA N A4 4T ) 5 5 (x45,n=6)
Table 7 Content of PG,PDG in rat different tissues homogenate of normal and SHR model at 24 h after multiple intragastrically

administered Eucommia ulmoides extract

i FARRBEEA 4G HE AT PG FARREE —#i% B PDG
Tiseue EH SHR #i%! W SHR #i7
Control Model Control Model
> Heart 2.39+0. 61 5.46%1. 65 104. 92+10. 54 114.57+31.93
AT Liver ND ND 116. 46+7.39 111.61+4.23
Jiit Spleen 1.42+0.33 2.86+0. 74 6.06+2. 48 9.81+2.97
fili Lung 13.32+3.13 38.17+8.83" 90. 60+7. 85 98.05+14. 39
¥ Kidney 0. 16+0. 02 0. 17+0. 04 ND ND
# Stomach 228. 00+72. 67 1459. 74+218. 79 *** 238.37+70. 94 3023. 48+702. 49 **
Jiti Brain ND ND 3.16%0.97 3. 83+0. 66
s Intestine 103. 15+23.23 51.37£3.90* 1430. 19+499. 56 138.50+17.19*
LA Muscle 2.41+0.45 4.31+0.59* 4.79+0. 76 3.110.95
S271, Testis 1. 82+0. 57 1.04+0.24 " 1. 58+0. 41 1.91+0. 38

TE:ND ARMGIME, H5IEFAMLL, "P<0.05, *P<0.01, **P<0. 001,
Note. ND, Not detected. Compared with the control group, *P<0. 05, **P<0. 01, ***P<0. 001.
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