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ABSTRACT: OBJECTIVE  To study the adsorption kinetics of hawthorn leaves flavonoids phospholipids complex (HLF-PPC) 

in rats intestine. METHODS  The in situ rat single-pass intestinal perfusion model was used. The concentration of the index 

component of HLF-PPC, flavonoids in the perfusate were determined by spectrophotometry, the absorption constant (Ka) and 

absorption conversion rate in time unit (A) were calculated, and the effects of drug content and pH value were investigated. 

RESULTS  Drug concentration of HLF and HLF-PPC were 0.1 mg·mL

−1
, the Ka and A values were 0.010 9 h

−1
, 1.20% and 

0.039 1 h

−1
, 3.73%; and when the drug concentration of HLF and HLF-PPC were 0.1 mg·mL

−1
, in pH 6.0, 7.4 or 8.0 of the 

intestinal loop solution, the Ka values were 0.007 6, 0.010 9, 0.005 6 h

−1
 and 0.037 6, 0.039 1, 0.030 5 h

−1
, A values were 0.69%, 

1.20%, 0.42% and 3.19%, 3.73%, 2.81%, respectivly. That showed the intestinal absorption in rats of HLF-PPC was obviously 

better than HLF in the same drug concentration and pH value. CONCLUSION  The solid dispersion technology of 

phospholipid can improve the intestinal absorption of HLF. 

KEY WORDS: hawthorn leaves flavonoids; phospholipid complex; intestinal absorption; intestinal recirculating perfusion 
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YZ p¡¢hi���*'��ST>�£k) 

1  ����� 

1.1  ¤� 

$%�¥	(L¦�	V�9	§�¨�©ª«

100080-200707�¬­®¯_A)°���*'�(�

±B²³´�µ,¶·¸�*'�­®>80.0%�

©ª«AKH081201)°���*'�X1YZ�(¹

9)°º»(¼½¾³¿¤À,¶·¸)°ÁÂ�Ã

Ä(¦�=ÅÆÇ¤À,¶·¸)°ÈÉÆÄ�ÊË

ÌÄ�ËÌÍ�ÎÆÍ�ÎÆÄ�ÎÆÏ�ÎÆ

Ð�ÎÆÑ�ÒÌÈÄ�XÌÓÈÄ�ÔÕ#�

Ö×�Ø×&¤ÀÙ��ÚÛ°K�ÜÝK°

Krebs-Ringer¤À(pH 7.4)(�MÞ�ßà K-RÞ)« 

NaCl 7.8 g�KC1 0.35 g�CaC1

2

 0.37 g�NaHCO

3

 

1.37 g�NaH

2

PO

4

 0.32 g�MgC1

2

 0.02 g�ÔÕ# 

1.4 g�áâ®ÜÝKã� 1 000 mL) 

1.2  äå 

UV-2450 æç-�è�ééOê(ëvìí·

¸)°KH-250DB ��îïðñòóå(ô�õö÷

ïðäå,¶·¸)°JA2003Nøùúû(¼½üý

þÇäå,¶·¸)°XS105 �Úúû(�r�-�

W�äå¼½,¶·¸)°DKS-24�ø���K�

	(¼½
��
�L�øå�)° WH-861 ���

Zå(��÷þ�å��)°HL-2 ���(¼½üþ

�µ,¶·¸9�)°Avanti J-26 XP o����


�(�¦ Beckman ·¸)) 

1.3  � 

Sprague-Dawley �!�p!®� 200~250 g�

"�#$L%��Ç �L
�¬��� �Z

&'ª«SYXK(#)2008-0115) 

2  ����	 

2.1  ���ÞLº»>¯_ 

üý®�(O� 10 µg·mL

−1
>º»�¥	M

Þ 0.5�1�2�3�4�5 mL��) 10 mL ®*L�

á+ 0.2 mol·L

−1
ÈÉÆÄMÞ 5 mL�,-�áK

./O�ý7�,-°�Ká0123À�45�

D 558 nm6¯_��SéO�(Om£7k89�

:º»>;<=7>?�«A=0.196 9C+0.005 6�

r=0.999 9�7k@A«0.528 6~5.286 0 µg·mL

−1
)

���ÞBCDEF	L��GH� 0.5 mL�á

+ 0.2 mol·L

−1
ÈÉÆÄMÞ 5 mL��01¤À�

45�J 558 nm ¯SéO�ISéOJ+º»;

<=7Kº»(O) 

2.2  ���ÞL*'�>¯_>LÇ>MN 

2.2.1  7k@A  üý®�(O� 50 µg·mL

−1
>

$%�¥	MÞO 1�2�3�4�5�6 mL��G)

10 mL ®*L�á+ 1%ÎÆÍMÞ 4 mL�,-�

PáK./O�ý7�,-°�Ká0123À

�45�D 272 nm6¯_��SéO�(Om£

7 k 8 9 � : $ % > ; <= 7> ? � « 

A=0.041 3C+0.009 7� r=0.999 7�$%J 5.134~ 

30.803 µg·mL

−1
q]SéOQ~RS7k��) 

2.2.2  TUk��  45���Þ«��9>�

MÞâ®�V�!Jp�����>>L�� 4 h

W�:45���Þ)�45���Þâ®�)

10 mL ®*L�á 1%ÎÆÍMÞ 4 mL,-�P

áK./O�ý7�,-°�01¤À�45J

200~800 nm qXY)�45���Þâ®�) 10 

mL ®*L�á 0.2 mol·L

−1
ÈÉÆÄMÞ 5 mL,

-�PáK./O�,-°�01¤À�45

200~800 nm qXY)Z[fg�45���ÞJ

*'�\º»>¯_ñ]bST�^_`��¯

_a��) 

2.2.3  45�¥>bc  ���*'���X1

YZ����ÞL*'�>¯_��01(O>

º»MÞá01>23À�45�D 272 nm 6

¯_) 

2.2.4  >LÇ��  �G�^_(O>���*

'�\���*'�X1YZ����Þ�m£

üýO�d_k�eYk\8Tf¤�)Z[f

g����*'�\���*'�X1YZ��

��ÞüýO¤�> RSD ��G� 0.11%\

0.11%�d_k¤�> RSD��G 0.66%\ 0.70%�

eYk¤�Z[>*'�ûÙ­®�G� 32.69%

\ 4.05%�RSD ��G� 1.72%\ 1.16%�8Tf

�G� 96.09%~101.64%\ 99.58%~103.02%�ûÙ

8Tf��G� 98.40%\ 100.65%�RSD ��G

� 2.47%\ 1.32%)>LÇ¤�Z[fg¨MN>

>L<g��h��AD���ÞL*'�>¯_) 

2.3  ��J���ÞL>d_k 

��9>�MÞ(K-R Þ)â®�ij pH ��

G� 6.0(AkXÌMÞij)�7.4�8.0(Al\Ò

ÌÈÄMÞij)> 3 m�MÞâ®°V�!Jp

�����>L�� 4 hW��G: 3m pH �>

45���Þ) 

à����*'�����*'�X1YZ
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��º»â®��GA¼n45���ÞMN�

J 37 o��K�Lpq 4 h��GD 0�4 h �F�

¯_O¬¤	MÞLº»\*'�>­®�r_

0 h ��MÞLº»\*'�>­®Ù� 100%�

� 4 hW>��MÞ­®�s;����d_k)

Z[èf 1) 

Z[fg�¼n 3m pH �>���*'��

�X1YZ����ÞJ 37 o��`ab�t)

4 hW�º»\*'�>­®Ù�uv­®> 98%

�¼�d_kS) 

� 1  �� 4 h������	(n=3) 

Tab. 1 The content change of drug after incubation for 4 

hours(n=3) 

c d 

ef 4 h g 

hij"/% 

ef 4 h g 

klmj"/% 

nopklm(pH=6.0) 98.83±0.19 99.03±0.46 

nopklmqrst�(pH=6.0) 99.11±0.17 98.99±0.21 

nopklm(pH=7.4) 98.95±0.37 99.36±0.30 

nopklmqrst�(pH=7.4) 98.57±0.19 98.86±0.40 

nopklm(pH=8.0) 98.84±0.18 98.68±0.09 

nopklmqrst�(pH=8.0) 98.84±0.18 98.17±0.19 

2.4  �w�?Sx>�� 

y�òóW>z 70 cm]>45:�{ 3{�

A|}~I������) 50 mL ����(O

>���ÞL�37 o��K�Lpq 4 h W�¯

_pqyWº»\*'�>(O°r_pqy�

�MÞLº»\*'�>­®Ù� 100%�� 4 h

W>��MÞ­®�s;����w>�?Sx

Z[èf 2) 

Z[fg�J 37 o��`ab�pq 4 hW�

���ÞLº»\*'�>­®Ù�uv­®>

98%�¼��!������ÞLº»\*'��

va�?Sx) 

� 2  �� 4 h�����	(n=3) 

Tab. 2  The content change of drug after incubation for 4 

hours(n=3) 

c d 

ef 4 h g 

hij"/% 

ef 4 h g 

klmj"/% 

nopklmuv 100.50±0.17 100.38±0.13 

nopklmqrst�  99.75±0.44  99.23±0.10 

2.5  �����?Sx>�� 

� 50 mL����(O>���Þ��+�

��>�^G���]GL���������

�� 0.2 mL·min

−1
��� 4 h�¯_��yWº»

\*'�>(O°r_��y��MÞLº»\

*'�>­®Ù� 100%�� 4 hW>��MÞL

º»\*'�­®�s;�������>Sx)

Z[èf 3) 

Z[fg��� 4 hW���ÞLº»\*'

�>­®�G�uv­® 98%�¼������

���vaSx) 

� 3  
� 4 h�����	(n=3) 

Tab. 3  The content change of drug after circulation for 4 

hours(n=3) 

c d 

wx 4 h g 

hij"/% 

wx 4 h g 

klmj"/% 

nopklm 99.18±0.14 99.72±0.74 

nopklmqrst� 99.66±0.15 98.87±0.87 

2.6  �!Jp�ST�� 

2.6.1  :�������>L   ���y��

12 h(¹��K)> SD �!�����ÁÂ�ÃÄ

30 mg·kg

−1
���W�_)��L7����(z

2.5 cm)�J���G(�Ós�¼�\8�b�)

��O ^:Q�J¼�:Q6¡+¢�� 0.3 cm

>|}G��A£¢7¤¥)A��åI(37¦

0.5)o>V?§K¨¨�+�G�ó©�Gqª�

.«�PA4¬­4�GqV?§K)®WJ�

��Gb�:Q6¡+|}G��A£¢7¤¥)

I�G��>|}G]���>¯G�^�c�

8��� ���)°� 1.0 mL·min

−1
����

10 minW�I��ij� 0.2 mL·min

−1
�N±¹²

,��Þ>³c*L�F 2 mL�@�¯_`DE

´��(O\º»(O>F	�µ¶³c*L·

áC(O>º» K-R Þ 2 mL��WD 15�30 min

¸WP¹Eº 30 min »VCL�F�·áº»

K-R Þ��� 4 hW�¼½��) 

2.6.2  ��ê¾   ¿ST�fÀ�(Ka)�STÁ

Âz(t

1/2

)>ê¾)A Fick's>?_®YnÃÆ�S

T����®ÄDEÅÆÆ?A·Ç 1Yn« 

  −dQ/dt=DkS(C−C
0

)/h            (1) 

dQ/dtÈ�ù���>ÉÆ�f°DÈ��J

�L>ÊË��°kÈ��J�/KMÞL>���

�°hÈ�>ÌO°C

0

È/ÞL��(O(µg·mL

−1
)°

CÈÃÆÞL��(O(µg·mL

−1
)) 

·Ç 1
Æ^�Í6?�:Î·Ç 2)�:�

qÏÐ�®>��(lnX)��FDE t @Ñ�:Î^

¢7�Ò¢7>Óf�KST�fÀ� Ka(h

−1
)A
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·Ç 2 fÔ�« 

Ka=(lnX

0

−lnX)/t             (2) 
STÁÂz t

1/2

(h)A·Ç 3 fÔ« 

t

1/2

=0.693/ka               (3) 

��JÃÆ�LÕÖDE>ST×ÆØ��

(A)�A·Ç 4 fÔ�« 

A(%)=(C

0

ÙV

0

−C
t

ÙV

t

)/C

0

ÙV

0

×t      (4) 

C

0

È��Þ��vÚ(O(µg·mL

−1
)°V

0

È�

�ÞvÚpÛ(mL)°C

t

Èt D/��Þ��(O

(µg·mL

−1
)°V

t

ÈtD/��ÞpÛ(mL)°tÈ��Þ

����DE(h)) 

2.6.3  X1�p�Ë¡¢����*'��ST

>��  �Güýà����*'�����*

'�X1YZ��º»â®�A K-R ÞMN�*

'�(OÙ� 0.1 mg·mL

−1
�º»(OÙ� 

0.1 mg·mL

−1
��Gm£Ü�{8��¹x 8 Ý�

!)VÞ2.6.1ßàb>Lá@�T=F	�¯_

ODE´F	L��­®���FDE�âã;�

ä´åÛST®�æã;�ç9���*'�]

���*'�X1YZ�>�ST èÇ=7�

Z[èÑ 1) 

 

� 1   HLF� PPC
����������� 

1−nopklm�2−nopklmqrst�� 

Fig. 1  The intestinal absorption curve of HLF and PPC in 

vivo of rat 

1−hawthorn leaves flavonoids; 2−hawthorn leaves flavonoids 

phospholipids complex. 

VÞ2.6.2ßê¾ HLF ]�X1YZ�>ST

�fÀ�(Ka)\ÕÖDE>ST×ÆØ��(A)&

���Z[èf 4) 

Z[fg����*'�X1YZ�> Ka�

t

1/2

\ A ÙoDC(O���*'���é�P�

Ù,2êkUë(P<0.05))�ì�è�X1�p�

Ë¡¢��2ê�o HLF >�ST) 

2.6.4  pH�����*'�X1YZ�ST>�

�  �Güýà���*'�����*'�X

1YZ��º»â®�� K-R Þ��G�9*' 

� 4  �������� !"#�$���%&(n=8) 

Tab. 4  Intestinal absorption parameters of hawthorn leaves 

flavonoids and hawthorn leaves flavonoids phospholipids 

complex (n=8) 

c d Ka/h

-1

 t

1/2

/h A/% 

nopklm 0.0109±0.0009 64.03±5.56 1.20±0.003 

nopklm 

qrst� 

 0.0391±0.0025

1) 

 

 16.67±1.01

1) 

 

 3.73±0.003

1) 

 

-./nopklm012

1)

P<0.05� 

Note: Compared with hawthorn leaves flavonoids, 

1)

P<0.05. 

�(O]º»(OÙ� 0.1 mg·mL

−1
�pH ��G

� 6.0�7.4�8.0 >¬¤Þ��Gm£Ü�{8��

¹x 8 Ý�!)VÞ2.6.1ßàb>Lá@�T=

F	�¯_ODE´F	L��­®���FD

E�âã;�ä´åÛST®�æã;�ç9O

pH`a���*'�]���*'�X1YZ�

�ST èÇ=7�Z[èÑ 2) 

 

� 2  '( pH )*$������������� !

"#�
�������� 

1−pH 6.0 ynopklm�2−pH 7.4 ynopklm�3−pH 8.0 yn

opklm�4−pH 6.0 ynopklmqrst��5−pH 7.4 yno

pklmqrst��6−pH 8.0 ynopklmqrst�� 

Fig. 2  The intestinal absorption curve of different pH value 

HLF and PPC in vivo of rat 

1−hawthorn leaves flavonoids at pH 6.0; 2−hawthorn leaves flavonoids at 
pH 7.4; 3−hawthorn leaves flavonoids at pH 8.0; 4−hawthorn leaves 
flavonoids phospholipids complex at pH 6.0; 5−hawthorn leaves 

flavonoids phospholipids complex at pH 7.4; 6−hawthorn leaves 

flavonoids phospholipids complex at pH 8.0. 

VÞ2.6.2ßê¾���*'�\���*'

�X1YZ�>ST�fÀ�(Ka)\ÕÖDE>

ST×ÆØ��(A)&���Z[èf 5) 

Z[fg«���Þ pH �����*'��

�X1YZ�>STÙ+,^_����J pH 7.4

`abSTPS�Ka \ A u��STÁÂz t

1/2

u:�íD pH 6.0 ��î!�2êíD pH 8.0 �

�î!(P<0.05))O pH x���*'�X1YZ

�>�ST��ÙíD0C pH �x���*'

�(P<0.05)) 
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� 5  '( pH)������+������ !"#�$���%&(n=8) 

Tab. 5  Intestinal absorption parameters of different pH value of hawthorn leaves flavonoids and hawthorn leaves flavonoids 

phospholipids complex(n=8) 

c d Ka/h

-1

 t

1/2

/h A/% 

nopklm(pH=6.0) 0.0076±0.0003 94.59±3.95 0.69±0.001 

nopklmqrst�(pH=6.0) 0.0376±0.0009

1)

 18.46±0.44

1)

 3.19±0.001

1)

 

nopklm(pH=7.4) 0.0109±0.0009

2)

 64.03±5.56

2)

 1.20±0.003

2)

 

nopklmqrst�(pH=7.4) 0.0391±0.0025

1)2)

 16.67±1.01

1)

 3.73±0.003

1)

 

nopklm(pH=8.0) 0.0056±0.0003 123.14±5.45 0.42±0.0002 

nopklmqrst�(pH=8.0) 0.0305±0.0003

1)

 22.76±0.23

1)

 2.81±0.001

1)

 

-./nopklm�012

1)

P<0.05�/ pH=8.0 012

2)

P<0.05� 

Note: Compared with hawthorn leaves flavonoids group, 

1)

P<0.05�compared with pH=8.02

2)

P<0.05.

3  
� 

3.1  �!Jp:�STL>bc 

��>ï��STrkðñ�QR��9À

6>yde>�ò�j�n:����QRST

>���Ö�óì�:���ðñ��>QRS

Trk>��åô)õy�de���ST>>

L,�p�Jp�pq&) 

�L��DJpL1AP��ö���!J

p:�STL�äLB ÷ �/G\ø
�B

ùúde�Ö>ûÂ\/Þ���ü���ÉÆ

�¼�ýþW±�/Þ���ST�Ö��ÞL

��(O.�lc���`a��l��ïqª

�­4�ÃÆG�,� &ó��ST��Z[

>���ST�fP�d_�]	p,RS>0

�k��¯_���
Ék>�S>>L

[10-11]

)

Pé�äLÒ����F¯_��ÆÏÐ��®


ê¾ST���l­���Æ�1�ón¯:

>ST��lP�������>É�rk

[7]

) 

3.2  ;ÔpÛ�!º»>bc 

õy�¦q���AJp���¡¢de�

�Jp�>ST��)��L��ÆJ��ÞL

á	B��ST>�!
;Ô��ÞpÛ>Å

Æ�A:P�>,º»�

14

C-PEG),de��

[12]

�

Jp�����L]DE�������º»�

:�ST�Òn���Z[�
P��U)��

º»�ST>jó�l��D���OP�(��

���L���O^�� 2.5~5.0 mL·min

−1
)� �

D!À�ÞJ��">�£�O�#��DEP

](^�� 3~6 h)�Ònª$�����>%ù�

�Ék&á�v
BST>^\�ù�ÆZ�'

l�ST)v��Jp�������(�A|

P.>���O�°� 1.0 mL·min

−1
����

10 minW�I��ij� 0.2 mL·min

−1
�� 4 h�

Òn):|��L��w>ù*����S�+
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Icraiin Regulating Expression Imbalance of Glucocorticoid-induced Osteogenesis Genes by Inhibiting 

GILZ Expression in MC3T3-E1 
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ABSTRACT: OBJECTIVE  To investigate the icraiin regulating expression imbalance of glucocorticoid-induced osteogenesis 

genes by inhibiting GILZ expression in MC3T3-E1. METHODS  Mature induced differentiation of MC3T3-E1 were divided 

into 3 groups, respectively dexamethasone(DEX) group, icraiin(ICR) group and ICR+DEX group. The mRNA expression lever 
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