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Abstract
AIM: To evaluate the effect of hydroxyapatite nano-
particles (Nano HAP) by intravenous injection on the 
inhibition of implanted hepatic VX2 tumor growth in 
rabbits and cell p53/c-Myc protein expression.

METHODS: 60 hepatic VX2 tumor-bearing rabbits was 
randomly divided into five groups. Nano HAP collosol 
20 mg/kg, 40 mg/kg, 5-FU solutions 20 mg/mL, mixed 
liquor of 5-FU solution 20 mg/mL and Nano HAP collosol 
20 mg/kg were infused by vein, normal saline conducted 
as the control. The general state, weight, liver function 
and gross tumor volume were detected dynamically. 
The expression of p53 and c-Myc gene protein in tumor 
tissue was detected by immunohistochemistry methods.

RESULTS: The growth of implanted hepatic VX2 tumors 
was significantly inhibited in all therapy groups, 3 wk 
after the injection, the tumor control rates in Nano HAP 
collosol groups were 25.5% and 32.5% respectively, 
and the gross tumor volumes were obviously less than 
that of control group. (24.81 ± 5.17 and 22.73 ± 4.23 
vs  33.32 ± 5.26, P < 0.05). The tumor control rate of 
5-FU group was 43.7% (18.74 ± 4.40 vs  33.32 ± 5.26, 
P  < 0.05), but the general state of the animals after 
injection aggravated; and the adverse reaction in the 
drug combination group obviously decreased. Due to 
the effect of Nano HAP, the positive expression of tumor 
associated the mutated p53 and c-Myc in tumor tissue 
was decreased obviously compared with the control 
group.

CONCLUSION: Nano HAP has evident inhibitory action 
on rabbit implanted hepatic VX2 tumor in vivo , which 
may be the result of decreasing the expression of the 
mutated p53 and c-myc, and drug combination can 
obviously decrease the adverse reaction of 5-FU.
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INTRODUCTION
As the nanometer technique continuous to �e�e�o��� its to �e�e�o��� itsto �e�e�o��� itsits 
a���ication in me�ica� area has became a hot s�ot of  
current in�estigation. Hy�roxya�atite �HA���� the mo�ecu�ar �HA���� the mo�ecu�ar�HA���� the mo�ecu�arthe mo�ecu�ar 
formu�a of  which is �a �a10��O4�6�OH�2�� is the essentia� 
com�onent of  inorganic com�osition in human bone. It 
has been foun� to ha�e ob�ious inhibitory function onfunction onction on 
growth of many �in�s of tumor ce��s�� an� its nano�artic�e many �in�s of  tumor ce��s�� an� its nano�artic�e 
has stronger anti-tumor effect than macromo�ecu�e 
micro�artic�es. In vitro�� HA� has been �emonstrate� to 
ha�e ob�ious a�o�tosis in�uction an� growth inhibition 
effects[1]. Base� on the abo�e�� we examine� the effect of  
HA� on growth inhibition of  im��ante� he�atic VX2 
tumor in rabbits an� ce�� �53/c-�yc �rotein ex�ression inc-�yc �rotein ex�ression in �rotein ex�ression inin 
tumor tissue in vivo.

MATERIALS AND METHODS
Materials
New Zea�an� rabbits�� fema�e or ma�e�� weighing 2.5-3.5 �g��-3.5 �g��3.5 �g�� 
were obtaine� from the Laboratory  Anima� �enter of  
Wuhan Uni�ersity �e�ica� Schoo�; tumor bearing rabbits 
were �resente� by Tang�u Hos�ita� of  the Fourth �i�itary 
�e�ica� Uni�ersity; Nano HA� an� 0.2% ���-Na were 
�ro�i�e� by Biomateria� �enter of  East �hina Uni�ersity 
of  Science an� Techno�ogy; 5-FU in�ection was �ro�uce�in�ection was �ro�uce�n�ection was �ro�uce�ion was �ro�uce�on was �ro�uce� 
by Shanghai Xu�ong Hai�u �e�icine �om�any Lt�.; 
rat anti rabbit c-�yc�� �53 monoc�ona� antibo�y an� the 
immunohistochemistry �it were �urchase� from Fuzhou 
�aixin Bio�ogic �ro�uct �om�any. 20 mg/mL an�  
40 mg/mL so�utions were �re�are� with norma� sa�ine 
an� Nano HA� �ow�er�� an� 20 mg/mL Nano HA� an� 
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20 mg/mL 5-FU were mixe� in �o�. �ro�ortion 1:1�� 0.2% 
���-Na was se�arate�y a��e� as �is�ersion stabi�izer�� 
then �is�erse� to sus�en�ing-stab�e Nano HA� so� an� 
mix in�ection in Sonic V130 u�trasonic ce�� �u��erizer; 5-FU 
in�ection was �i�ute� with norma� sa�ine to 20 mg/mL.

Animal model
VX2 tumor fragments were im��ante� in rabbit thigh 
musc�e�� an� were ta�en out when their �iameter exten�e� 
to 1.0-1.5 cm. Ha�ing remo�e� the connecti�e tissue��we cut 
the tumor tissue�� �i�e ��esh o�� �� ��sh i�to sm���� �u�es ���out�� �i�e ��esh o�� �� ��sh i�to sm���� �u�es ���out �i�e ��esh o��  �� ��sh i�to sm���� �u�es ���out 
1 mm3 in size an� im��ante� it in the �eft �obe �iscera�in size an� im��ante� it in the �eft �obe �iscera� 
surface of  hea�thy rabbit �i�er�� with a �e�th excee�ing 
1 cm. U�trasoun� �etection was ta�en 7� � after the � after the� after the 
im��antation�� an� the tumor growth state was recor�e�. Iftation�� an� the tumor growth state was recor�e�. Iftion�� an� the tumor growth state was recor�e�. If  
the tumor �oesn’t ha�e ecto�ia im��antation�� co��iquationtation�� co��iquationtion�� co��iquation 
or cystoi� �egeneration�� the anima� im��antation mo�e� 
is consi�ere� successfu�. The se�ecte� 60 tumor bearing 
r����its were r���dom�y divided i�to ��ve groups: A�� ��� ��� �� ��� ��� ����� ��� �� ��� ����� �� ���� 
an� E. The �rug began to be in�ecte� through �orsa� ear 
�ein 3 w� after the im��antation e�ery other �ay. �rou�� after the im��antation e�ery other �ay. �rou� after the im��antation e�ery other �ay. �rou� 
A was gi�en norma� sa�ine�� 2 mL e�ery time; grou� B 
was gi�en Nano HA� so� 20 mg/�g; grou� � was gi�en 
N���o HAP so� 40 mg/�g; group �� w��s give� 5-FU  
20 mg/�g; grou� E was gi�en the mixe� �iquor of  Nano 
HA� so� 20 mg/mL an� 5 Fu 20 mg/mL�� the �oses were 
both 20 mg/�g.

Monitoring the growth state of tumor-bearing rabbits
The tumor-bearing rabbits were fe� in the stan�ar� 
c�eaning �e�e� �ab�� the genera� state changes of  the anima�s�� 
such as co�or �attern�� foo�-inta�e�� water-�rin�ing�� acti�ity�� 
ora� an� nasa� �ischarge were fo��owe� u� �ai�y. The 
weight of  the anima�s were ta�en before fee�ing in the 
ear�y morning e�ery 3 ��� an� the �i�er function �ALT� �ALT��ALT� 
was �etecte� by extracting �enous b�oo� of ex�erimenta� of  ex�erimenta� 
rabbits e�ery wee�. e�ery wee�.

Tissue and sample disposal
3 w� after the in�ection�� rabbits were intra�enous�y 
anesthetize� an� their ab�omina� ca�ities were o�ene���ies were o�ene��� were o�ene��� 
integrate �i�er were ta�en out�� ab�omina� an� thoracic 
ca�ities were examine�. tumor �o�ume was ca�cu�ate� by 
the formu�a V = 0.5 × a × b2 �a: maximum �iameter�� b: 
maximum trans�erse �iameter��� growth inhibition rate of  
tumor ��IR� = � tumor �o�ume of  contro� grou�-tumor 
�o�ume of  thera�y grou��/tumor �o�ume of  contro� grou� 
× 100%.

HE and Immunohistochemistry staining 
The sam��es were �abe�e��� numbere� an� ��ace� in 
10% forma�in so�ution for fixation. Then the tissue was 
embe��e� in �araffin an� seria��y sectione� �4 μm� for 
HE staining. The fina� �iagnosis of  tumor �e�en�e� on 
�atho�ogy. Immunohistochemistry staining was ma�e using 
SAB� assay�� �BS was use� as negati�e contro� instea� of  
first antibo�y�� an� existing �53 an� c-�yc �ositi�e �i�erexisting �53 an� c-�yc �ositi�e �i�ering �53 an� c-�yc �ositi�e �i�er �53 an� c-�yc �ositi�e �i�er�53 an� c-�yc �ositi�e �i�er 
tumor s�i�es ��ro�i�e� by �atho�ogy �i�ision of Wuhans ��ro�i�e� by �atho�ogy �i�ision of Wuhan��ro�i�e� by �atho�ogy �i�ision of  Wuhan 
Uni�ersity Zhongnan Hos�ita�� were use� as �ositi�e 
contro�.

Judgement of immunohistochemistry staining result
The mutate� �53 �ositi�e staining area was �ocate�utate� �53 �ositi�e staining area was �ocate� 
in the nuc�ei�� an� c-�yc �ositi�e staining was main�y 
�ocate� in the ��asma�� but �art of  the nuc�ei can a�so be 
st��i�ed. 5 high power �e�s ��e�ds were �hose� ���d st��i�ed 
uniform�y to count �ositi�e ce��s. The immunostaining 
of  the mutate� �53 an� c-�yc ha� 4 gra�es accor�ing 
to the staining intensity or �ositi�e ce�� rate: negati�e �-�: �-�:�-�: 
no �ositi�e staining or �ositi�e ce�� rate < 5%; Wea��y Wea��yWea��y 
�ositi�e ���: staining ye��ow or 6%-20% �ositi�e tumor ���: staining ye��ow or 6%-20% �ositi�e tumor: staining ye��ow or 6%-20% �ositi�e tumor tumor 
ce��s; �ositi�e ����: staining buffy or 21%-60% tumor ce�� ����: staining buffy or 21%-60% tumor ce������: staining buffy or 21%-60% tumor ce�� 
staining; strong�y �ositi�e �����: buffy �artic�es or � �����: buffy �artic�es or ������: buffy �artic�es or �� 61% 
tumor ce��s staining.

Statistical analysis 
A�� ����t�� were e�pressed ��s me���s �� st���d��rd devi��tio��� ����t�� were e�pressed ��s me���s �� st���d��rd devi��tio� �� st���d��rd devi��tio��� st���d��rd devi��tio� stan�ar� �e�iationstan�ar� �e�iation 
(����. �e���s �etwee� mu�ti-groups were �omp��red usi�g����. �e���s �etwee� mu�ti-groups were �omp��red usi�g �eans between mu�ti-grou�s were com�are� using 
�� o�e-w��y ANOVA with L��� test ���d �tude�t-Newm���-
Keu�s q test. Rates between grou�s were com�are� using 
Fisher’s exact �ro�abi�ity test. Statistica� ana�ysis was 
�erforme� using S�SS 12.0.

RESULTS
Change of general state and weight of tumor-bearing 
rabbits
The genera� hea�th state of  rabbits was fine before �rugwas fine before �rug fine before �rug 
in�ection in each grou�s �� an� the rabbit hair was smooth 
an� g�ossy�� foo� inta�e an� acti�ity were norma��� weight 
�etwee� groups h��d �o sig�i������t di����ere��e. The ���im���s 
in contro� grou� began to ha�e sym�toms of  gra�ua� 
fai�ure 2 w� after in�ection�� the acti�ity an� foo� inta�e 
worsene��� stoo�s got �oose�� ora� an� nasa� �ischarge 
increase�. The time when two Nano HA� grou�s ha�� 
fai�ure sym�tom were �ater than the contro� grou��� an� 
the weight of  the rabbits was a�so higher than that in 
contro� grou� � �P < 0.05� �Tab�e 1�. After 3 continuous� �Tab�e 1�. After 3 continuous�Tab�e 1�. After 3 continuous 
�rug in�ections�� the foo� inta�e an� acti�ity of  the anima�s 
�ecrease� ob�ious�y�� an� at 1 w� after in�ection�� the weightat 1 w� after in�ection�� the weightthe weight 
of  the rabbits was �ower than that in contro� grou� ��P < 
0.05��� an� at 3 w� after in�ection�� the weight of anima�s5��� an� at 3 w� after in�ection�� the weight of  anima�s 
was �ower than other grou�s �as �ower than other grou�s � �ower than other grou�s �P < 0.01�. The weight in the1�. The weight in the. The weight in the The weight in theThe weight in the 
�rug combination grou� �owere� after in�ection�� but ha� 
no ��o they mean no or do they me��� “were sig�i������t�y 
�ifferent”� significant �ifference com�are� with 5-FU 
grou�.
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Table 1  Change of average weight of animals in each group 
mean ± SD

Group n
                        Weight (kg)
Before injection One week after 

injection
Three weeks after 
injection

A (Control) 12 2.73 ± 0.21 2.67 ± 0.21 2.32 ± 0.14 
B (HAP) 11 2.66 ± 0.15 2.59 ± 0.14 2.46 ± 0.19a,d

C (HAP) 12 2.70 ± 0.16 2.61 ± 0.14 2.52 ± 0.12a,d

D (5-FU) 11 2.70 ± 0.17 2.47 ± 0.17a 1.95 ± 0.14b 
E (5-FU + HAP) 12 2.78 ± 0.19 2.60 ± 0.18 2.23 ± 0.22d

aP < 0.05, bP < 0.01, vs group A; dP < 0.01, vs group D. 



Result of liver function level detection
��i����ere��es i� the ALT �eve� o��  e���h group w��s �ot 
statistica��y significant. One wee� after in�ection �� ALTOne wee� after in�ection �� ALT wee� after in�ection �� ALTee� after in�ection �� ALT� after in�ection �� ALT 
in 5-FU grou� became significant�y higher than other 
grou�s �Tab�e 2���� P < 0.05��� an� ALT in �rug combination�rug combinationrug combination 
grou� increase� ob�ious�y com�are� with contro� grou� 
�P < 0.05��� but �ower than that in 5-FU grou� ���� but �ower than that in 5-FU grou� ��� but �ower than that in 5-FU grou� �P < 0.05�. 
Three wee�s after in�ection�� the �i�er function got worse after in�ection�� the �i�er function got worse 
in contro� grou��� �is��aying an ob�ious rise in ALT. ALT 
in two Nano HA� grou� increase� s�ight�y�� but ob�ious�y 
�ower than that in contro� grou� �P < 0.05�. ALT in 
5-FU grou� was higher than other grou�s. ALT in �rug 
combination grou� increase� com�are� with contro� 
grou��� but �ower than that in 5-FU grou� �P < 0.05�.

Tumor pathology
Before treatment�� the tumor size of  each grou� was notwas notas not 
statistica��y significant. Tab�e 3 shows the a�erage tumor 
�o�ume an� tumor growth inhibition rate 3 w� after 
in�ection. The tumor growth inhibition rate of  each grou� 
were 25.5%�� 32.5%�� 43.7�% an� 60.�% res�ecti�e�y�� an� the%�� 32.5%�� 43.7�% an� 60.�% res�ecti�e�y�� an� the�� 32.5%�� 43.7�% an� 60.�% res�ecti�e�y�� an� the%�� 43.7�% an� 60.�% res�ecti�e�y�� an� the�� 43.7�% an� 60.�% res�ecti�e�y�� an� the% an� 60.�% res�ecti�e�y�� an� the 60.�% res�ecti�e�y�� an� the% res�ecti�e�y�� an� the res�ecti�e�y�� an� the 
tumor vo�ume h��d sig�i������t di����ere��es �omp��red with 
that in contro� grou� �P < 0.01�. The tumor �o�ume of  
drug �om�i���tio� group ���so showed sig�i������t de��ere��e 

�omp��red with ��� � ���d �� group ( � ���d �� group (� ���d �� group (P < 0.05�.

Result of Immunohistochemistry Staining
Tab�e 4 shows the resu�t of immunohistochemistry of immunohistochemistry immunohistochemistry 
staining: Figure 1 show the resu�ts of mutate� �53 an�1 show the resu�ts of mutate� �53 an� show the resu�ts of  mutate� �53 an� 
c-�yc �ositi�e staining. In this resu�t 2 grou�s that in�ecte� 
HA� combine� to B grou��� an� other grou�s �i� not 
change. The mutate� �53 an� c-�yc both ex�resse�The mutate� �53 an� c-�yc both ex�resse�utate� �53 an� c-�yc both ex�resse� 
strong�y in tumor tissue�� an� �ositi�e ce�� rates were 83.3% 
an� 7�5.0%�� through the Nano HA� treatment�� the �ositi�e 
ex�ression rates of  these two �rotein were 43.5% an� 
47�.8%�� �ower than the contro� grou��� in which ex�ression 
rate of  mutate� �53 has statistica� significant �ifference�� 
�ut there w��s �o sig�i������t di����ere��e o��  the two protei�s 
between thera�y grou�s. In tumor tissue of  contro� grou��� 
�ositi�e ex�ression rate of  both mutate� �53 an� c-�yc 
was 7�5.0%�� which in Nano HA� grou� �ecrease� to 
3�.1%..

Simple observation and histological studies 
VX2 �i�er tumor tissue was gray an� ha� c�ear bor�er�ineas gray an� ha� c�ear bor�er�ine gray an� ha� c�ear bor�er�ine 
with �i�er tissue�� it ha� no en�e�o�e�� an� the section turne� 
�i�e the f�esh of  fish �Figure 2A�. The VX �Figure 2A�. The VX�Figure 2A�. The VX2A�. The VX�. The VX2 �i�er tumors 
in contro� grou� were much �arger than that in thera�y 
grou��� an� grew to the surface of  �i�er�� a�hering with 
surroun�ing tissue�� most of  them ha� chest an� ab�omina� 
wa�� metastasis�� moreo�er two cases ha� �ung metastasis�� 
showing many �esser tuberc�es on the surface of  �ung 
�Figure 2B��� as �iagnose� by histo�ogy. Few anima�s in2B��� as �iagnose� by histo�ogy. Few anima�s in��� as �iagnose� by histo�ogy. Few anima�s in 
other grou�s ha� ab�omina� ca�ity an� wa�� metastasis�� but 
�i� not ha�e �ung metastasis. Obser�e� in �ight microsco�e 
after HE staining�� tumor ce��s turne� to be roun��� an� 
fusiform sha�e or irregu�ar sha�e�� an� the size was �arge�� or irregu�ar sha�e�� an� the size was �arge�� irregu�ar sha�e�� an� the size was �arge�� 
irregu�ar sha�e�� �ess en�ochy�ema�� Karyomega�y an� �ense 

Table 2  ALT level before and after treatment in each group 
mean ± SD 

Group n
                         ALT (U/ L)
Before 
injection

One week after 
injection

Three weeks after 
injection

A (Control) 12 43.56 ± 7.24 45.33 ± 8.29 75.33 ± 12.51
B (Nano HAP) 11 39.29 ± 6.52 42.73 ± 10.05d 59.55 ± 15.40a,d

C (Nano HAP) 12 40.38 ± 6.88 43.75 ± 6.30d 62.00 ± 14.49a,d

D (5-FU) 11 42.70 ± 7.08 74.64 ± 15.55b 99.73 ± 14.70b

E (5-FU + HAP) 12 42.86 ± 6.79 59.67 ± 12.66b,c 86.42 ± 11.54a,c

aP < 0.05, bP < 0.01, vs A group; cP < 0.05, dP < 0.01, vs D group.

Table 3  Tumor volume and tumor growth inhibition rate of 
each group 3 wk after treatment mean ± SD 

Group Gross tumor
volume (cm3)

Inhibition
ratio (%)

t  value
(vs  group)

A (control) 33.32 ± 5.26 — —
B (Nano HAP) 24.81 ± 5.17b,d 25.53   3.91
C (Nano HAP) 22.73 ± 4.23b,d 32.52   5.29
D5-FU 18.74 ± 4.40b,d 43.7   7.17
E (5-FU + HAP) 13.10 ± 2.48b 60.97 12.05

bP < 0.01 vs group A; dP < 0.01 vs group E.

Table 4  P53 and c-Myc positive staining in groups

Group n           P53 Positive
(%)

         c-Myc Positive
(%)  - + ++ +++   - + ++ +++

A 12   2 4 5 1 83.3   3 5 3 1 75.0
B 23 13 6 4 0 43.5a 12 5 5 1 47.8
D 11   6 2 3 0 45.5   5 2 3 1 54.5
E 12   7 3 2 0 41.7   6 3 3 0 50.0

aP = 0.034 vs group A.

Figure 1  A: The mutated p53 positive expression in tumor tissue (× 200); B: c-myc 
positive expression in tumor tissue (× 200). 

A B

A B

Figure 2  A: The outward appearance of VX2 liver tumor the metastatic carcinoma 
on lung in control group; B: The metastatic carcinoma on lung in control group.
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st��i�i�g. The �e��s r����ed ����orm����y�� ���d i�iti��� i����tr��tive��orm����y�� ���d i�iti��� i����tr��tive�orm����y�� ���d i�iti��� i����tr��tive�y�� ���d i�iti��� i����tr��tivey�� ���d i�iti��� i����tr��tive 
he�atic cor�s �istribute� at the e�ge of  cancer nest �Figure �Figure�Figure 
3A��� some centers of tumors occurre� co��iquation an�A��� some centers of tumors occurre� co��iquation an���� some centers of tumors occurre� co��iquation an�s of tumors occurre� co��iquation an� of  tumors occurre� co��iquation an�tumors occurre� co��iquation an� occurre� co��iquation an� 
necrosis. At the e�ge of  necrotic tumor tissue in HA� 
grou��� many microca�cification focuses were obser�e� 
�Figure 3B��� howe�er tumor tissure in contro� grou� an�3B��� howe�er tumor tissure in contro� grou� an���� howe�er tumor tissure in contro� grou� an� 
�orm��� �iver tissue did �ot h��ve s��me �����i�����tio� ��o�us.

DISCUSSION
Li�er cancer is one of  the most common ma�ignant tumors 
in �hina�� an� the inci�ence of  �isease has continuous�y 
increase��� its integra� & c�inica� thera�y effect is not sti�� 
ide��� due to ��e��tures o��  di�����u�ty i� e��r�y di��g�osis�� high 
ma�ignancy an� easy re�a�se etc. Therefore�� it is im�erati�e 
to s�ee�-u� the research of  bio�ogica� me�icine�� to �oo� 
��or �� high�y e�����ie�t�� �ow poiso� �hemother��py medi�i�e 
which is one of  the main �irections of  our �resent stu�y.

HA� has a goo� issue com�atibi�ity both insi�e an� 
outsi�e the bo�y[2-7�]2-7�]-7�]7�]]�� it has been wi�e�y use� as the bio�ogica� 
materia� for bone �amage an� ora� ca�ity me�icine�� 
simu�taneous�y use� as in bo�y me�icine carrier[8���]8���]]�� moreo�er 
Nano HA� ha� a �ery sma�� excitation on b�oo� �esse��� 
fee�ing me�icine can be ma�e by intra�enous in�ection[5��10]5��10]]. 
Nano HA� use� for this research is synthesize� by so�-
coage� metho� ha�ing a goo� �is�ersi�e effect�� its �artic�e 
size with about 50 nm is �ery uniform�� which meets the 
requirement for Nano meter gra�e �0.1 nm-100 nm��� ha�ing �0.1 nm-100 nm��� ha�ing�0.1 nm-100 nm��� ha�ing 
a��antage of  high surface energy etc.�� that can not exist 
��or the ���rge p��rti��e size o��  HAP. ��uri�g e��r�y out-�ody 
ex�eriment Nano HA� has been �ro�e� to ha�e ob�ious 
inhibition function for mu�ti-�in�s of  tumors.

This research has �ro�e� that Nano HA� ha� ob�ious 
inhibition effect on the growth on the im��ante� tumor in 
VX2 �i�er of  rabbit through its intra�enous in�ection into 
r����it �ody. ��uri�g these e�perime�ts the e��r�y mode� 
was se�ecte� for im��ante� tumor of  VX2 �i�er�� �ifferent 
concentrations of  Nano HA� ha�e been in�ecte� after 3 
w��� their inhibition rates of  tumors reache� se�arate�y to 
25.3% an� 32.5%�� which in�icate� that it cou�� inhibit 
the growth of  tumors. �oreo�er�� �i�er function on the 
ex�erimenta� rabbits has a�so �ro�e� that Nano HA� ha� 
a �itt�e effect of  �hysio�ogica� function on the organism. 
Inhibition function for tumor growth in 5-FU grou� was 
stronger than that in Nano HA� grou��� but the �oisonous 
si�e effect has a�so been in�icate� ob�ious�y�� after being 
continuous�y in�ecte� of  5-FU�� the foo�-inta�e & acti�ity 

of  anima�s were ob�ious�y �ecrease�; their bo�y weights 
were ob�ious�y �ower than that of  other grou�s; the �egree 
of  �i�er function �amage� was ob�ious�y higher than that 
of  other grou�s. These resu�ts in�icate� that Nano HA� 
has no ob�ious in bo�y a��erse reaction.

Through ex�eriment�� it was a�so �isco�ere� that not 
on�y �i� Nano HA� ha�e an anti-tumor function by itse�f�� 
but a�so it ha� �ery strong coo�eration effect with other� �ery strong coo�eration effect with other �ery strong coo�eration effect with other 
anti-tumor me�icines. The inhibition rate of  tumor is the 
highest in the combinati�e thera�y grou� in ex�eriments. 
�oreo�er after ha�ing been in�ecte� into tumor-bearing  
rabbit with same �osage of  5-FU�� the in�ication of  
two grou�s of  anima�s was quite �ifferent. The genera� 
situation for anima� of  combinati�e thera�y grou� was 
o�vious�y �etter th��� th��t i� 5-FU group. ��y���mi� 
su�er�ision on bo�y weight & �i�er function in�icate� 
a�so that the effect of  5-FU on the anima� �hysio�ogica� 
function of  combinati�e thera�y grou� is ob�ious�y �ess 
than that in 5-FU grou�.

In combination with feature of  Nano HA� ha�ing 
�arge surface & high surface energy�� it�� may be�� has ��aye� 
a ro�e of  its carrier after being mixe� of  Nano HA� 
with 5-FU. This a�sor�tion of  carrier[11]11]] cou�� ob�ious�y 
re�uce first b�oo�-me�icine concentration of  5-FU�� an� 
reach to a re�axation effect�� it was a�so re�orte� in thea�so re�orte� in there�orte� in the 
�iterature that Nano HA� cou�� �ro�uce a com��ex with 
b�oo� serum �rotein in bio�ogica� bo�y[12��13]�� it was inferre� 
that the Nano HA�-5-FU �rotein com�oun� cou�� be 
forme� in anima� b�oo� after mixing of  Nano HA� with 
5-FU�� therefore not on�y the �oisonous by-effect of  high 
concentration free 5-FU in bo�y cou�� be re�uce��� butcentration free 5-FU in bo�y cou�� be re�uce��� buttration free 5-FU in bo�y cou�� be re�uce��� but 
a�so the b�oo� so�ubi�ity of  Nano HA� cou�� be increase�.

The �resent researches for �arious Nano HA� anti-
tumors mechanism in�icate the anti-tumor effect can 
be reache� through effecting the en� grain enzyme of  
cancer ce���� ce�� s�e�eton�� �a2� concentration an� immunity 
function. In ex�eriment the ex�ression �ro�uct in tumor 
tissue was �etecte� after reaction of  gene mutate� �53 
an� c-�yc with Nano HA�. The resu�t in�icates thatc-�yc with Nano HA�. The resu�t in�icates that 
the �ositi�e ex�ression rates of  two �in�s of  �roteins 
are se�arate�y 43.5%�� 47�.8% after reaction of  Nano 
HA��� which are ob�ious�y �ower than that in com�arison 
contro� grou�. �53 an� c-�yc are the im�ortant genes for. �53 an� c-�yc are the im�ortant genes for �53 an� c-�yc are the im�ortant genes for 
contro��ing �ro�iferation an� withering of  tumors ce��s�� 
of  which c-�yc �rotein �ositi�e ex�ression can �ea� to 
�irectiona� �e�e�o�ment of  non-function�� origina�ization 
of  ce��s. Low �ifferentiation of  ce��s with high toxicity 
is ear�y acci�ent occurring ma�ignant tumor�� so c-�yc 
�rotein �ositi�e ex�ression was main�y �istribute� at theon was main�y �istribute� at the was main�y �istribute� at the 
e�ge of  tumor. Nano HA� can �ower �ositi�e ex�ression 
of  these two �in�s of  �rotein�� it was �rom�te� it cou�� 
�re�ent the ma�ignant ce�� �ro�iferation of tumor through ma�ignant ce�� �ro�iferation of  tumor through 
effecting contro� of  cancer ce�� gene�� to reach anti-tumor 
effect. But it has to be further researche� carefu��y for the 
�etai� mechanism.

To sum u��� not on�y the Nano HA� has ex�resse� 
ob�ious anti-tumor effect in vivo of  anima��� but a�so�� its 
�oisonous by-effect was �ow�� an� it cou�� bring �ery 
strong coo�eration effect with using other chemothera�y 
me�icine�� re�uce toxicity of  other chemothera�y me�icine. 
It might become new c�inica� anti-tumor me�icine.

A B

Figure 3  A: There are apparent morphological differences between VX2 liver 
tumor tissue and the normal liver tissue (× 200); B: There are lots of calcified 
points in tumor tissue in group treated by nano-HAP (× 100).
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