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Effects of isopsoralen on tibial fracture and vascular healing in mice

WU Xi'"?,WANG Zhong-qi’* ,WEI Juan-juan? ,BAI Xin? ,GA O Yu-hai**,CHEN Ke-ming'** (1. Clinical College of Traditional
Chinese Medicine ,Gansu University of Traditional Chinese Medicine ,Lanzhou 730030, Gansu ,China; 2. Basic Medical Labo-

ratory ,the 940 Hospital of Joint Logistic Support Force of Chinese PLA ,Lanzhou 730050, Gansu,China;3. Key Laboratory of
Stem Cells and Gene Drug of Gansu Province ,Lanzhou 730050, Gansu , China)

ABSTRACT Objective To explore effects of isopsoralen (ISO) with different doses on fracture and vascular healing in
mice. Methods Sixty 2-month-old male C57BL/6 mices with body mass of (20+2) g were selected and divided into 4 groups by
random number table method:model group (model),low dose group (isopsoralen—low dose,ISO-L),medium dose group
(isopsoralen-medium dose ,ISO-M) and high dose group (isopsoralen-high dose,ISO-H ), with 15 animals in each group. The
right tibial fracture model was established. After operation, ISO-L group,ISO-M group and ISO-H group were given ISO con-

centration of 10 mg-kg™,20 mg-kg™" and 40 mg-kg™, respectively. Model group was given same volume of normal saline once a
day for 28 days. Weighed once a week. X-ray was performed on 7,14,21 and 28 days,respectively,and modified LR. Garrett
scoring method was used to evaluate callus growth. After 28 days,the main organs were stripped and weighed , and organ coeffi-

cients were calculated. Hematoxylin eosin staining (HE staining) was performed on the organs to observe whether there were
pathological structural changes. Micro-computed tomography (Micro—CT') was used to scan fracture area and conduct three—

dimensional reconstruction to obtain the effect map,and quantify bone volume fraction (bone volume/total volume ,BV/TV).
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After decalcification , the tibia was embedded in paraffin wax and sectioned. The healing and shape of fracture end were ob-
served by HE staining and ferruxin solid green staining. The right tibia was removed and decalcified after intravascular infusion
of Microfil contrast agent. Micro—CT was used to scan the callus microvessels in the fracture area,and the vascular volume
fraction and vessel diameter were quantified. Results After 28 days of administration,there was no significant difference in
body mass and organ coefficient among all groups (P>0.05) ,and no significant pathological changes were found in HE staining
of organs. The results of X-ray and improved L.R. Garrett score showed that ISO-M group was higher than that of Model group
at 28 days (P<0.05). Scores of ISO—H group at 14,21 and 28 days were higher than those of the other 3 groups (P<0.05). Mi-
cro—CT results showed intracavitary callus in [ISO-M group was significantly reduced , which was lower than that in Model group
(P<0.05) ,most of the callus in ISO-H group were subsided,and BV/TV in ISO-H group was lower than that in the other 3
groups (P<0.05). The results of HE staining and ferrubens solid green staining showed fracture area of ISO-H group was
closed, continuous laminar bone had appeared ,and the fracture healing process was higher than that of other groups. Angio-
graphic results showed vascular volume fraction in ISO-H and ISO-M groups was higher than that in Model and ISO-L groups
(P<0.05) ,and the vascular diameter in ISO-H and ISO—-M groups was higher than that in Model and ISO-L groups (P<0.05).
Conclusion In the concentration range of 10-40 mg-kg™,1SO has no obvious toxic and side effects,and could improve bone

microstructure , promote formation of callus microvessels,and accelerate healing of fracture ends in a concentration-dependent

manner.
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Fig.1 General condition 1a. Body mass of mice on 0,7,14,21 and 28 days after oral administration(x+s,n=15)

er,spleen, lung and kidney of mice on the 28th day of administration (x+s ,n=6)

mice in each group (x200)

®1 FANBRTEERNEEREELER (vss)

Tab.1 Changes of body mass of mice in each group at different perfusion times (x+s)

1b. P I 5R 28 & 4% /D BCs T OB LS IUE 2 R AR

1b. Organ coefficients of heart, liv-

1c. Hematoxylin eosin staining of heart, liver,spleen ,lung and kidney of

HA g
215 AL 0d 7d 14d 21d 28 d
Model 41 6 20.107 £0.865 20.694+0.903 21.896+1.173 23.139+1.287 23.839+1.367
ISO-L 4 6 20.109+1.003 21.033+0.654 21.794+0.803 22.639+0.936 23.501+1.002
ISO-M 41 6 20.097+0.930 21.249+0.695 22.011+1.043 23.197+1.171 24.084+0.838
ISO-H 4 6 20.129+0.649 20.833+0.805 21.738+1.122 22.716+1.086 23.407+0.945
F 1y 0.011 1.225 0.244 1.296 1.495
P1{H 0.998 0.308 0.865 0.280 0.225

TE : Model Sy 5 ISO-L IG5 it 41 ;1SO-M Sy 55 k4 5 ISO-H Sy il k4. K [+]

R2 ER28dEEENFD BTG E RS R (vxs)

Tab.2 Organ coefficient of heart,liver,spleen,lung and Kidney in each group after 28 days of administration (x+s)

A %

A5 g i I i i (=

Model 24 6 0.579+0.034 4.363+0.453 0.237+0.020 0.624+0.030 1.506+0.080
1SO-L 24 6 0.568+0.027 4.045+0.183 0.243+0.040 0.613+0.021 1.507+0.075
1SO-M 41 6 0.600+0.026 4.297+0.505 0.257+0.027 0.632+0.033 1.528+0.117
1SO-H 2 6 0.587+0.032 4.344+0.449 0.249+0.028 0.635+0.023 1.469+0.073

F1H 1.216 0.750 0.496 0.769 0.463

P1E 0.330 0.535 0.690 0.525 0.711
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Fig.2 X-ray results of fracture on 7, 14,21 and 28 days after oral administration among different groups
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Fig.3 Results of tibia 3D reconstruction in each group after 28 days of

administration

Teol B e o s R, LFYEMM T HA R
@, s RS, Model 410 1SO-L 25 Wr i ml UL 4%
FE A B9 20 (0 20 1 5 R 0 G 8 AR A7 AE ; ISO-M

®3 FHENRERASERESHITESS (v5s)

Tab.3 Callus scores of after administration at different time in each group(x+s)

AL )
4159 R 7d 21d 28d
Model 21 6 0.222+0.427 1.611£0.697 2.889+0.582 3.389+0.502
1SO-L 41 6 0.222+0.427 1.611+0.607 2.944+0.539* 3.556=0.511"
ISO-M 21 6 0.333+0.485 1.889+0.676! 3.278+0.461° 3.944+0.426"
1SO-H 4 6 0.333+0.485 2.778+0.42741! 3.667:+0.4850" 4.44420.51 195
F 1t 0.352 14.700 8.586 16.730
P i 0.790 0.000 0.000 0.000

. 5 Model 41 He %2 ,"¢=0.000, P>0.05 ;¢ =1.927,P>0.05;°¢=8.092, P<0.05 ;*¢=0.454 , P>0.05 ;"¢ =3.178 ,P>0.05 ;*¢=6.355 ,P<0.05;"q=1.453 , P>
0.05;%%q=4.842,P<0.05;%¢=9.200,P<0.05, 5 ISO-L 41 L4 ,"q=1.927,P>0.05;"%¢=8.092, P<0.05;"¢=2.724,P>0.05 ;"¢=5.901 , P<0.05 ;"°¢=3.390,
P>0.05;"q=7.748 ,P<0.05, 5 ISO-M 4] [L4¢ ,“'¢=6.165,P<0.05;°¢=3.178 ,P>0.05 ;“¢=4.358 ,P<0.05
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Tab.4 Comparison of BV/TYV in tibia of mice after 28 days

of administration (x+s)

A5 B HRBU K
Model £H 3 0.121x0.010
1SO-L 41 3 0.112£0.015"
1SO-M 4 3 0.087+0.010"!
1SO-H 41 3 0.046+0.003!1

TE: 5 Model 40 H %z ,"g=1.643, P>0.05;%=5.720,P<0.05 ;%¢=12.52,
P<0.05. 15 1SO-L 41 k4% ,“'g= 4.077,P>0.05;%¢=10.88,P<0.05, 5
ISO-M 41 k%% ,"¢=6.801,P<0.05
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LG 2F B L (P>0.05), 1SO-M 414 e s T
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Fig.4 Morphological staining results of callus after 28 days of of administration (x200)

x5 ERBIESENMNREEFLEFARIBEMERILE
(xs)
Tab.5 Comparison of blood vessel volume fraction and

diameter of tibia in mice after 28 days of administration(x+s)

5] B mE B 4 ¥ A% /mm
Model £ 3 0.01620.001 0.0710.001
1SO-L 41 3 0.020£0.003¢ 0.0740.002#
ISO-M £ 3 0.036+0.002" 0.086+0.004=%
1SO-H 41 3 0.0390.001#! 0.094£0.001 2

TE: 5 Model 4 H 55 ,#¢=3.721,P>0.05;%4=18.13,P<0.05;44=21.20,
P<0.05;5g =1.747,P>0.05;%¢ =8.748 ,P<0.05 ;% =12.96,P<0.05, &5
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