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AbstrAct

High pe�fo�man�e liquid �h�oma�og�aphy (HPLc) wa� e��a�li�hed �o de-

�e�mine �he �on�en��a�ion of I�a�iin II in �a��. the �ime-dependen� �hange� 

in �a�� af�e� �aking I�a�iin II we�e ��udied, and �he main pha�ma�okine�i� 

pa�ame�e�� we�e o��ained. the main pha�ma�okine�i� pa�ame�e�� of �ak-

ing �he medi�ine in a quie� ��a�e, �aking �he medi�ine af�e� half an hou� of 

exe��i�e and �aking �he medi�ine af�e� long-�e�m exe��i�e we�e �ompa�ed 

�o ve�ify whe�he� �he a��o�p�ion and u�iliza�ion of �he I�a�iin II we�e mo�e 

favorable in the exercise state; The paper has important guiding signi�-

�an�e fo� guiding a�hle�e� �o �afe medi�a�ion and fu��he� developmen� of 

�hi� d�ug.
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1. in��oduc��on

E
pimedium i� a pe�ennial medi�inal plan� of Epi-

medium. I� i� a nou�i�hing ��adi�ional chine�e 

medi�ine and i� one of �he mo�� widely u�ed and 

longe��-e��a�li�hed ��adi�ional chine�e medi�ine� in chi-

na.[1] the�e a�e 43 �pe�ie� of Epimedium in china, whi�h 

i� �he mode�n geog�aphi�al di���i�u�ion �en�e� of �hi� 

genus. There are �ve species of Epimedium collected by 

�he chine�e Pha�ma�opoeia, whi�h a�e widely �ul�iva�ed 

in china.[2] I� i� mainly di���i�u�ed in �he p�ovin�e� of 

shaanxi, shanxi, �ou�he�n Gan�u, Henan, Gan�u, and Qin-

ghai, si�huan, Ningxia and o�he� p�ovin�e�. I� g�ow� in 

�h�u�� a� 650~2100m a�ove �ea level o� in �he �a�kli� we� 

a�ea�.[3] Icariin (ICA) is a �avonoid contained in it and is 

al�o �he main a��ive ing�edien� of Epimedium.[4] Epimedi-

um i� a �ommonly u�ed ��adi�ional chine�e medi�ine fo� 

imp�oving exe��i�e �apa�i�y. I� ha� �he effe��� of �onifying 

kidney, ���eng�hening �one� and ���eng�hening �heuma-

�i�m. In �e�en� yea��, �he �pe�ial effe��� of u�ing chine�e 

he��al medi�ine in �ompe�i�ive �po��� a� home and a��oad 

have been reported and applied in improving athletes' per-

formance, promoting athletes' recovery, and healing and 
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�eha�ili�a�ion of �po��� inju�ie�.[5]

In �he p�a��i�e of �po��� and exe��i�e, He��a Epimedii 

i� a �ep�e�en�a�ive aph�odi�ia� ��adi�ional chine�e med-

i�ine �o a�hieve good pha�ma�ologi�al effe��� again�� 

athletes' sports fatigue, but there is no pharmacokinetic 

��udy of Epimedium aqueou� ex��a��. thi� pape� aim� �o 

��udy �he pha�ma�okine�i�� of I�a�iin II, �he main a��ive 

ingredient of Epimedium, and �nd out its mechanism of 

a��ion, �evealing i�� a��o�p�ion and me�a�oli�m in �he 

�ody, a��o�ding �o i�� diffe�en�e� in pha�ma�okine�i� pa-

�ame�e�� in �he exe��i�e ��a�e and �e��ing ��a�e, �o guide 

�he �ea�ona�le do�age �egimen of a�hle�e� unde� no�mal 

and exe��i�e �ondi�ion�. I� al�o p�ovide� �heo�e�i�al and 

p�a��i�al �a�i� fo� �he u�e of �u�h chine�e medi�ine in �he 

��ien�e of �po��� and exe��i�e.

2. exp���m�n�a� ins��um�n�s and Ma����a�s

2.1 exp���m�n�a� ins��um�n�s

Japan shimadzu liquid �h�oma�og�aph, �apid homogenize� 

(sK-1 �ype, Jiang�u Jin�an Zhengji In���umen� co., L�d.), 

high-�peed �ef�ige�a�ed �en��ifuge (GL-20G-II �ype, made 

in shanghai), cNc ul��a�oni� �leane� (KH-500Db �ype, 

Kunshan Hechuang Ultrasonic Instrument Co., Ltd.), vac-

uum d�ye�, high �peed �en��ifuge �u�e�, �eake��, pipe��e�.

2.2 exp���m�n�a� r�ag�n�s

rhizoma �u��uligini� aqueou� ex��a�� �olu�ion (home-

made, 0.9g/ml), o��inol glu�o�ide ��anda�d �u���an�e (pu-

�i�y: 99%, pu��ha�ed f�om shanghai A��o�� te�hnology 

co., L�d.), mo�ile pha�e me�hanol (�h�oma�og�aphi�ally 

pu�e, made in tianjin), expe�imen�al wa�e� (dou�le di�-

tilled water) and �lter membranes.

2.3 exp���m�n�a� An�ma�s

Male Wi��a� �a��, weighed 220-240g (Jining Lukang 

G�oup Pha�ma�eu�i�al co., L�d.).

3. exp���m�n�a� M��hods

3.1 D����m�na��on of �h� Conc�n��a��on of ica���n 
ii �n ra� P�asma by HPlC

3.1.1 Ch�oma�og�aph�c Cond���on

the mo�ile pha�e wa� a�e�oni��ile: 0.1% fo�mi� a�id 

(70:30, v/v), which was �ltered through a 0.22 μm micro-

po�ou� fil�e�. On-line dega��ing; flow �a�e lml/min; �ol-

umn temperature 30 °C; injection volume 20 μl, detection 

waveleng�h i� 270 nm, ex�e�nal ��anda�d me�hod fo� �he 

�on�en��a�ion of I�a�iin II.

3.1.2 P�asma Samp�� t��a�m�n�

A��u�a�ely d�aw 0.5 ml of pla�ma, add 1 ml of me�hanol, 

vo��ex and mix, �en��ifuge a� 4800 �pm fo� 15 min �o �ake 

�he �upernatant, and �lter the supernatant through a 0.45 

μm micropore �lter.

3.1.3 P��pa�a��on of S�anda�d Cu���

the I�a�iin II �efe�en�e me�hanol �olu�ion wa� dilu�ed 

wi�h �lank �a� pla�ma �o o��ain ��anda�d �ample� wi�h 

ma�� �on�en��a�ion� of 100, 200, 400, 600, 800 and 1000 

ng•mL-1, �e�pe��ively. the �on�en��a�ion of I�a�iin II in 

plasma ρ is plotted on the abscissa, and the ratio of ref-

erence to internal standard peak height Y is plotted on 

�he o�dina�e. the �eg�e��ion ope�a�ion i� pe�fo�med �y 

weigh�ed (l/�2) lea�� �qua�e me�hod �o �al�ula�e �he �e-

g�e��ion equa�ion.

3.2 P�asma P�o���n B�nd�ng ra��

Fou� �a�� we�e admini��e�ed quie�ly, �aking 4 ml of �a� 

pla�ma �ample fo� 2 hou��, pla�ed in a hepa�in-�oa�ed 

�en��ifuge �u�e, 2 ml wa� �en��ifuged a� 4800 �/min fo� 

15 min a� no�mal �peed, and �hen 0.5 ml of pla�ma wa� 

�aken and ��o�ed in a �ef�ige�a�o� a� -24 °c �o �e �e��ed. 

then, 2 ml of pla�ma wa� �en��ifuged (16000 �/min) in an 

ul��a�en��ifuge �u�e. Af�e� 10 minu�e�, 0.5 ml of pla�ma 

was taken and a 0.45 μm micropore filter was used for 

high-pe�fo�man�e liquid pha�e analy�i�. the deg�ee of 

�inding of �he d�ug �o �he pla�ma p�o�ein wa� �al�ula�ed 

u�ing �he following equa�ion.

binding ra�e% = 100-(100* Fil��a�e D�ug con�en��a-

�ion/Pla�ma D�ug con�en��a�ion)

3.3 Adm�n�s��a��on M��hod

six�y male Wi��a� �a�� we�e �andomly divided in�o a quie� 

medi�a�ion g�oup (40), a half-hou� exe��i�e g�oup (10), 

and a long-�e�m exe��i�e g�oup (10). the do�age wa� 0.9g/

kg, and �he wa�e� wa� fa��ed fo� 12 hou��. the eye�all� 

we�e �aken a� 5, 15, 30, 60, 120, 180, 240, 360, 480, and 

600 min, and �en��ifuged a� 4000 �pm fo� 10 min. the 

�on�en��a�ion wa� mea�u�ed af�e� �he ��ea�men�.

3.4 Pha�macok�n���c Pa�am���� Ca�cu�a��on

the DAs2.0 �of�wa�e pa�kage of �he chine�e Pha�ma-

cological Society was used to �t the chamber model and 

�al�ula�e �he pha�ma�okine�i� pa�ame�e�� (s�a�i��i�al Mo-

men� Me�hod).

4. exp���m�n�a� r�su��s

4.1 Conc�n��a��ons of ra�s �n d�ff���n� g�oups

the a�ea unde� �he �u�ve of �he quie� medi�a�ion g�oup, 

�he exe��i�e half-hou� medi�a�ion g�oup and �he long-�e�m 

exe��i�e medi�a�ion g�oup we�e �u���i�u�ed in�o �he ��an-

dard curve equation Y=0.0159X-49.769 (R2=0.9972), and 

�he ave�age �lood �on�en��a�ion of �he �h�ee g�oup� wa� 

o��ained (ta�le 1).
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4.2 Ma�n Pha�macok�n���c Pa�am����s of D�ff��-
�n� G�oups of ra�s

the one-�ompa��men� model wa� �ele��ed a� �he �e�� 

�ompa��men� model, and �he pha�ma�okine�i� pa�ame�e�� 

of �a�� in diffe�en� g�oup� we�e o��ained �y �he pha�ma�o-

kine�i� �of�wa�e DAs2.0 (ta�le 2).

5. Ana�ys�s and D�scuss�on

5.1 Ana�ys�s of Pha�macok�n���c Pa�am����s of 
ica���n ii �n D�ff���n� S�a��s

Pha�ma�okine�i� pa�ame�e�� a�e �ome �on��an�� �ha� �e-

�ect the dynamic changes of drugs in the body, such as ab-

�o�p�ion, ��an�po�� and elimina�ion of ��an�po�� �on��an��, 

elimina�ion of half-life, e��., i� one of �he main �a�e� fo� 

�he developmen� of �a�ionalized d�ug delive�y p�og�am�. 

Depending on �he na�u�e of �he pha�ma�okine�i� pa�ame-

�e��, a �afe and effe��ive do�ing �egimen �an �e de�igned 

and developed, in�luding �he do�age admini��e�ed, �he 

�ime of admini���a�ion, and �he op�imal �ou�e of admini�-

��a�ion. In �hi� pape�, �he pha�ma�okine�i� �ha�a��e�i��i�� 

and dynami� �hange� of I�a�iin II we�e �evealed �y �he 

analy�i� of �he pha�ma�okine�i� pa�ame�e�� of I�a�iin II, 

�o �la�ify �he �egula�i�y of �he effe�� of I�a�iin II, �o un-

de���and i�� main a��ion �i�e in vivo and �he ma�e�ial �a�i� 

of �oxi�i�y, and �he pha�ma�okine�i� pa�ame�e�� of I�a�iin 

II a�e impo��an� da�a evalua�ion indi�a�o�� fo� i�� p�epa-

�a�ion quali�y. the half-life of �he �h�ee g�oup� of pha�-

ma�okine�i� pa�ame�e�� wa� �1/2=69.315, indi�a�ing �ha� 

�he�e wa� no diffe�en�e in �he elimina�ion �a�e of �he �h�ee 

g�oup� of expe�imen��; half-hou� exe��i�e medi�a�ion and 

long-�e�m exe��i�e medi�a�ion did no� �hange �he elimina-

�ion �a�e of I�a�iin II, and �he elimina�ion �a�e �on��an� ke 

was 0.01, con�rming that the exercise did not change their 

tab�� 2. Pha�ma�okine�i� pa�ame�e�� of I�a�iin II unde� diffe�en� exe��i�e �ondi�ion�

Quie� Medi�a�ion G�oup Half-hou� Exe��i�e G�oup Long-�e�m Exe��i�e G�oup

�1/2 min 69.32 69.32 69.32

Ke 1/min 0.01 0.01 0.01

V1/F L/kg 2.49 6.96 2.76

cL/F L/min/kg 0.06 0.07 0.028

AUC(0-t) ug/L*min 207965.16 118424.28 296970.37

Ka 1/min 0.03 0.01 0.01

�1/2Ka min 27.88 69.32 69.32

tmax min 120 120 180

cmax ng/L 966.00 491.00 10660.18

tab�� 1. Mean Pla�ma con�en��a�ion of I�a�iin II unde� Diffe�en� Exe��i�e s�a�e�

Quie� Medi�a�ion G�oup Half-hou� Exe��i�e G�oup Long-�e�m Exe��i�e G�oup

t(min) Mean a�ea X Mean �on�en��a�ion Mean a�ea X Mean �on�en��a�ion Mean a�ea X  Mean �on�en��a�ion

（ug/L*min） X (ng/ml) （ug/L*min） X (ng/ml) （ug/L*min） X (ng/ml)

5 5778.03 316.25 9547.9 102.04 29114.4 413.15

15 7676.23 437.31 13354.5 162.57 34592.4 500.25

30 9380.30 440.63 14257.5 176.93 36129.5 524.69

60 8460.98 487.45 17056.3 221.43 5140.6 767.58

120 15968.7 966.68 34010.9 491.00 56173.5 843.39

180 13242.6 792.76 31151.7 445.54 70185.5 1066.18

240 6063.125 334.55 27551.7 388.30 41720.1 613.58

360 4600.025 240.91 19338.5 257.71 35893.7 520.94

480 4050.675 205.44 13122.6 158.88 14113.8 174.64

600 3798.65 189.32 4988.7 29.55 13579.8 166.15
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elimina�ion �a�e of �he d�ug; �he a��o�p�ion �a�e �on��an� 

wa� quie� in �he d�ug g�oup, ka=0.025, half-hou� exe��i�e 

g�oup, ka=0.01, and long-�e�m exe��i�e g�oup, ka=0.01, 

indi�a�ing �ha� �he quie� g�oup �ook �he d�ug fa��e� �han 

the exercise group; the AUC(0-t) quiet medication group 

value wa� 207,965 ug/L*min, �he half-hou� exe��i�e med-

ication group AUC(0-t)=118424, and the long-term exer-

cise medication group AUC(0-t)= 296970.

F�om �he �h�ee �e�� of da�a, i� �an �e �een �ha� �he a�ea 

unde� �he �u�ve of �hei� medi�ine �ime i�: 

Long-�e�m exe��i�e g�oup > quie� medi�a�ion g�oup > 

half-hou� exe��i�e g�oup. thi� indi�a�e� �ha� �he long-�e�m 

exe��i�e g�oup i� la�ge� �han �he quie� medi�a�ion g�oup; 

�he quie� medi�a�ion g�oup i� la�ge� �han �he exe��i�e half-

hou� medi�a�ion g�oup, and �he peak �ime (tmax) peak 

�on�en��a�ion (cmax):

the peak �ime of �he quie� medi�a�ion g�oup and �he 

half-hou� exe��i�e medi�a�ion g�oup wa� 120 min, and �he 

peak �ime of �he long-�e�m exe��i�e medi�a�ion g�oup wa� 

180 min. Al�hough �he long-�e�m exe��i�e peak �ime wa� 

longe�, �he peak �on�en��a�ion of �he long-�e�m exe��i�e 

medi�a�ion g�oup wa� 1066 ug/L, whi�h i� la�ge� �han 966 

ng/L in �he quie� medi�a�ion g�oup and 491 ug /L in �he 

half-hou� exe��i�e g�oup. the longe� �he peak �ime, �he 

longe� �he d�ug ��ay� in �he �ody, whi�h i� mo�e �ondu-

cive to the ef�cacy of the drug.

5.2 Factors In�uencing the Pharmacokinetic Pa-
�am����s of ica���n ii

Af�e� exe��i�e, a la�ge amoun� of la��i� a�id i� p�odu�ed 

in �he �ody, whi�h �au�e� �he pH of �he in�e�nal envi-

�onmen� �o �hange, �he�e�y affe��ing �he pola�i�y of �he 

d�ug and affe��ing �he a��o�p�ion deg�ee of I�a�iin II; �he 

blood �ow of exercise blood is distributed to muscles and 

o�he� �po��� o�gan�, and �he de��ea�e of vi��e�al �lood 

�ow during exercise leads to the decrease of absorption of 

mo�� d�ug� af�e� o�al admini���a�ion, whi�h affe��� �he a�-

�o�p�ion of I�a�iin II; exe��i�e may affe�� �he �inding �a�e 

of �he d�ug �o �he pla�ma p�o�ein, �he�e�y affe��ing �he 

�on�en��a�ion of �he f�ee d�ug, and ul�ima�ely affe��ing �he 

a��o�p�ion of �he d�ug; af�e� exe��i�e, �he �empe�a�u�e in 

�he �ody in��ea�e�, �he a��ivi�y of �he enzyme in �he �ody 

al�o �hange�, �he de�ompo�i�ion of �he d�ug i� a��ele�a�-

ed, o� �he �empe�a�u�e affe��� �he pla�ma p�o�ein �inding 

�a�e of �he d�ug. All of �he a�ove may �e fa��o�� affe��ing 

the degree of absorption of Icariin II. Speci�cally, a cer-

tain factor or the in�uence of the above-mentioned com-

prehensive factors still needs to be veri�ed by subsequent 

�e�ea��h.

6. Conc�us�on

(1) the�e we�e diffe�en�e� in pha�ma�okine�i� pa�ame�e�� 

�e�ween �he quie� medi�a�ion g�oup, �he half-hou� exe�-

�i�e g�oup, and �he Long-�e�m exe��i�e g�oup.

(2) In �he long-�e�m exe��i�e g�oup, �he a�ea unde� �he 

curve (AUC) was larger than that in the quiet medication 

group, and the area under the curve (AUC) in the quiet 

medi�a�ion g�oup wa� la�ge� �han �he half-hou� exe��i�e 

g�oup. I� indi�a�ed �ha� �he long-�e�m exe��i�e g�oup a�-

�o��ed mo�e d�ug� �han �he quie� g�oup, and �he quie� 

medi�a�ion g�oup a��o��ed mo�e d�ug� �han �he half-hou� 

exe��i�e g�oup.

(3) In �he long-�e�m exe��i�e g�oup, �he pla�ma �on�en-

��a�ion peak �ime (tmax) wa� la�ge� �han �ha� in �he quie� 

medi�a�ion g�oup, and �he peak �ime (tmax) of quie� med-

i�a�ion g�oup wa� �he �ame a� �he half-hou� exe��i�e g�oup.

(4) the peak �on�en��a�ion (cmax) of �he long-�e�m ex-

e��i�e g�oup wa� la�ge� �han �ha� of �he quie� medi�a�ion 

g�oup, and �he peak �on�en��a�ion (cmax) of �he quie� med-

i�a�ion g�oup wa� la�ge� �han �he half-hou� exe��i�e g�oup.
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