CHAPTER 1V

RESULTS

This chapter is composed of four parts, which are demonstrated for the
experimental results of curcumin on tumor angiogenesis and on tumor angiogenic
biomarkers, COX-2 and VEGF levels.

4.1 The tumor model @"///‘/4’ Y

J
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2 x 10° cells of Hepatotelulat catci

the dorsal skin-fold chamber
Chapter III (Materials and | O ]
HepG?2 cell was positive a1 ging & E exa in ation (as shown in Figure 3.3).

pG2) were inoculated into
as decribed previously in

oculation, the growth of

er could be easily observed by
able 4.1 demonstrated that on

day 14 of tumor progression, & v ‘ ps, Con, HepG2, Con-cur, and

The Laser Dropge"rr 2owmeter was gumd to measure the tissue perfusion of
tumor area of e imal 4 lfc]zﬁ ﬁcribed previously in
Chapter III (Mﬁmmﬁsﬂ m:ftj iachanges in tissue perfusion of
HepG2, ‘BPG ur, ! ﬁ m ﬂ ged-matched
control vﬂe - ;ﬁeﬁﬂ :jemmg 4. mz,pjt Ejed that the %
changes from control in tissue perfusion on day 7 and day 14 in HepG2 groups were

significantly increased 43.1549.54% and 53.89+5.59% as compared 3 days HepG2

group, respectively. After 7 days treatment with both low dose (37.79+8.86) and high
dose (29.71+5.74) of curcumin, the % changes from control in tissue perfusion within
dorsal skin-fold chamber in the tumor bearing mice was reduced but did not

significantly different when compared to HepG2. Interestingly, on day 14, the %
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changes from control in tissue perfusion of HepG2-cur3,000 were significantly

~ decreased by 28.95+9.14% as compared to HepG2 group.

It is noted that there was no significant change between groups of control and

control treated with curcumin.

4.3 Tumor angiogenesis

neocapillaries were able to which the mother-host vessels underwent

endothelial cell sprouting ( gufég{_-ﬂA)ﬁ.y e of the proliferating neovessels
appeared already to migrate out,@h_f : mor area (Figure 4.4B).

> : 144fter the inoculation (14
days HepG2 group) v@ demons : 1gure 4@ Most of the tumor
microvasculature had the fcenverging flow@architecture. The results indicated

ety inreasfip iy bbbl he ok ke (b 54). 1n aiion,

varieties of abnornil neocapillaries sugh as abrupt changes in the diameter, and from
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The fluorescent videoimages of the microvasculature for controls and HepG2

groups at different periods after tumor cells inoculation were demonstrated in F igure
4.6.

Figure 4.7 demonstrated the intravital fluorescent microscopic observation of
tumor angiogenesis affected by curcumin treatment. The result showed that the

appearance of neocapillaries induced by HepG2 was markedly reduced on 7 and 14
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days after treatment of curcumin (3,000 mg/kgBW). In addition, the abnormalities of
~ neocapillary network pattern were attenuated after treatment with high dose of
curcumin. It is strongly supported by histological examination. Confocal laser image
of an area of tissue in the dorsal skin-fold chamber (stained with hematoxylin-eosin)
in 7 and 14 days HepG2 groups with and without treatment was demonstrated in
Figure 4.8. The section of 14 days HepG2-cur3,000 showed remarkable decreased in

tumor cells deposit.

Based on the recorded @%J tumor neocapillary density and
microvasculature were evalua using image analysis'as described

previously Chapter III (M;WE)H ?es of neocapillary density

(NCD) were calculated usin ized in Table 4.3 and Figure

4.9. In both Con and Con- or, the eapillary densities remained
constant (28.57+1.83% to 34 . )—dﬁ‘ﬁ eﬁst In HepG2 groups, the

capillary density increas

The mean caplllary densﬂy,‘l}i 7' days-and 14 days HepG2 groups after
treatment with curcumi 3
and 59.86+2.87%, respg
compared with untreated oup However, high dose of curcumin (HepG2-cur3,000),

could significant ﬁ w1th the levels in
HepG2 group anﬂy gl:a]na+ 7%) group am perlods (39.88+1.61%
and 42.91 j G2-cur300
were still ﬂ-ﬁqagjﬁﬁm xz@TT ﬂm ﬂﬁor—induced

neovascularization still existed. Even though it is worthy to conclude that increases in

,r,t significantly different

capillary density with HepG2 were attenuated with treatment of curcumin.

Relationship between capillary density and time courses of vehicle or
curcumin treatment in HepG2, HepG2-cur300, and HepG2-cur3,000 groups was
presented in Figure 4.10. The results show a significant correlation fitted with a linear

relationship was found between capillary density and time courses of vehicle or
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curcumin treatment in HepG2, HepG2-cur300, and HepG2-cur3,000 groups
‘ (r2=0.999, p<0.001; r*=0.99, p<0.001; ’=0.9202, p<0.01, respectively).

Table 4.4 and Figure 4.11 demonstrated means of capillary diameter of each
group at each different time point. The results showed that neocapillary diameters of
tumor area were significantly higher than those age-matched control groups. The

mean neocapillary diameter of 7 (10.32+0.41pm) and 14 (10.89+0.65um) days

HepG2 groups were significantly increaiei as compared to control levels at both
i

periods (7.33+0.50um, and 7.5 x_// r treatment with high dose of
diar n was significantly decreased.

curcumin, the mean capilla
7 nd 1@cur3000 were still higher

But these capillary diametefs o
than those of control. /)

Western blottin : i the up-regulation of COX-2
protein expression (Figure 4. 12):5 jﬁm, /as_vary small amount of COX-2
protein for each mouth refore, we have to p pecimens together. The
results indicated CO 3 - : iy detected in HepG2

groups at 3 days period i maintained throughout the experimental period. The up-
regulations of COX-2 proteifis ex ressmn Mﬁ(‘gl e suppressed by
treatment of curc‘ﬂ uﬂ(% EJ"%L@ 5':1 'ﬁ ﬁmal skin tissue.

o W dheshye %@H HBAFH B Hoom L

software) was used to allow for the measurement of the COX-2 protein level. Table

4.5A, 4.5B, and 4.5C demonstrated COX-2 protein levels in 3, 7, and 14 days HepG2

groups, respectively.

Immunoblot analysis indicated a high amount of protein level (0.1053+
0151ug/10 ng of total protein) in dorsal skin tissue of 3 days HepG2 group. The
mean COX-2 protein level of 3 days HepG2 group was significantly decreased after
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treatment with both low dose (0.0638+0.0147ug/10 ng of total protein) and high dose
. (0.0483+0.0044pg/10 ng of total protein) of curcumin as compared to non-treated
group.

Immunoblot analysis indicated a high amount of protein lgvel (0.1058+
.0075ug/10 ng of total protein) in dorsal skin tissue of 7 days HepG2 group. The
mean COX-2 protein level of 7 days HepG2 group was decreased but not significantly
different after treatment with both low do

f curcumin (0.0765+0.0150pg/10 pg of

o /ytment with high dose of curcumin

| 2 high amount of protein level (0.1068+

.0095ug/10 pg of total i) i rsal ski L aintained during 14 days

el for control and HepG2

atment were demonstrated in

Table 4.6 and Figure 4.1@

¢ o v
Rﬂtiulﬂ Qt\m&m-ﬁ [we&xj Te]/ﬂ gd time courses of
vehicle or curcumm treatment in HepGz2, HepG2-cug_OO, and HepGa;pur3 ,000 groups
wes pres QAR FIGH ] TR 3G ohof svea win
linear relationship was found between COX-2 and the periods of HepG2 groups (r* =
0.9643, p<0.05). In HepG2-cur300, and HepG2-cur3,000 groups, the relationship

between COX-2 protein levels and time courses of curcumin treatment were very low
(r*=0.0287, p>0.05; r* = 0.055, p>0.05).

groups at different periods with and
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44.2 VEGF

The serum VEGF levels of the 7 (49.52+5.18ng/ml) and 14 days
HepG2 (49.96+5.74ng/ml) groups were significantly elevated compared with those of
the age-matched control levels (6.38+0.68ng/ml  and  6.53+1.24ng/ml,
respectively)(p<0.001) and than those of 3 days HepG2 group (16.80+2.43ng/ml)
(Table 4.7 and Figure 4.15). Elevations of serum VEGF in HepG2 groups were

significantly reduced by treatment with: ’ ow (23.43+4.92ng/ml) and high doses

(18.56%3.34ng/ml) of curcumin & ent (p<0.001). On 14 days the

curcumin treatment in 2-cll -cur3,000 groups was

elation fitted with a linear

courses of low dose of curcumin treai
= =,

of high dose of curcumlﬁtreatmen‘t (1:14

4.4.3 Re@ions expra@m and serum VEGF and

NCD¢ ..

ﬂ‘lJEJ’JWEJ‘V]‘ﬁWEﬂﬂ‘ﬁ

The'Felations between tl‘se capillary den51ty and COX-&protem level in

02 SR BR[04 AT e vaes o

capillary déhsity (33.57+1.2, 51.67+4.26, 69.18+2.41%, respectively) and COX-2

protein levels (0.1053£0.0151, 0.105840.0075, 0.1068+0.0095ug/10 pg of total
protein, respectively) of 3, 7, and 14 days HepG2 groups was presented in Table 4.8
and Figure 4.17. A significant correlation was found between NCD and COX-2
expression (1’ = 0.9607, p<0.01).
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The relationship between the mean values of neocapillary density

. (33.57%1.2, 51.6714.26, 69.1812.41%, respectively) and serum VEGF (16.8012.43,

49.521£5.18, 49.9615.74 ng/ml, respectively) of 3, 7, and 14 days HepG2 groups was

presented in Table 4.9 and Figure 4.18. No significant correlation was found between
serum VEGF and NCD (* = 0.7681, p<0.32).

The relationship between the mean values of COX-2 protein levels

0.0095 ng/10 pg of total protein,

respectively) and serum 49.5215.18, 49.9615.74 ng/ml,

respectively) of 3, 7, and resented in Table 4.10 and

Figure 4.19. No significan as, 10 ; ~ COX-2 expression and
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Table 4.1. Values of mean body weight (g) for each group at different tifne point with

. and without treatment of curcumin (mean + SEM, all n=5).

Groups Body weight (g)
3 days 7 days 14 days
Con 24.160 7 |} 24.02+0.50 25.00+0.85
Con-cur300 \\” 7 23.94+0.62
Con-cur3,000 24.05+0.96
HepG2 23.8§i1.33
HepG2-cur300 23.83+0.89
HepG2-cur3,000 25.94+1.08

ﬂ‘lJEJ’J“fIEJVl'ﬁWEJ’]ﬂ‘i

awwaﬁnimummmaa
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Table 4.2. Changes in tissue perfusion of HepG2, and HepG2-cur groups during any
~ periods as compared to aged-matched control, manifested as per cents of the control

values.

% Changes from control

Groups
3 days 7 days 14 days

HepG2 53.89+5.59%
HepG2-

crd00 31.99+4.46
" 28.95+9.14"

cur3,000

*

P <0.0} : \ \-* d to 3 days HepG2.
@p <0.0014 sig it dif \ npared to 3 days HepG?2.
P <0.05 ‘ fference \\ ared to 14 days HepG2.

i
U
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U
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Figure 4.2.  Changes in tissue perfusion of HepG2, and HepG2-cur groups during any
~ periods as compared to aged-matched control, manifested as per cents of the control

values.
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Figure 4.4. At the early stage of tumor angiogenesis onset, 7 days period, the
endothelial cell sprouting was observed from the native vessel (A). Some of the
proliferating neovessels appeared to migrate out, approaching to the tumor area (B).

Bar, 100 um.
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Figure 4.5. Fluorescence videoimages of neocapillaries 14 days after the inoculation
of tumor cells. Note a numerous of neocapillary network (A) and shunts/loops form

(indicated by arrow in B). Bar, 100 pm. '
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Figure 4.7. Fluoréscence Vldemmages of neocaplllarles on 7 and 14 days after the

implantati imm ﬁrﬂlnﬁ (gj mg/kgBW)
for HepGﬂA ) and HepG2-cur groups (C, ) Bar, 100 pm
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14 days HepG2 group 14 days HepG2-cur-3,000 group

Figure 4.8. Confocal laser image of an area of tissue in the dorsal skin-fold chamber
(stained with hematoxylin-eosin) in 7 and 14 days HepG2 groups with and without

treatment of curcumin
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Table 4.3. Capillary densitiy (%) of the tumor tissue in the dorsal skin-fold chamber
~on 3, 7 and 14 days after the implantation of HepG2 with and without curcumin

treatment (mean + SEM, all n=5). ‘

Capillary densities (%)
Groups
3 days 7 days 14 days
Con 27.41+£0.91
Con-cur300 28.39+1.19
Con-cur3,000 27.36+0.83
HepG2 69.18+2.41**°

HepG2-cur300 59.8612.87"

HepG2-cur3,000 42.91+1.76°¢

..aﬁi?{ /
P <0.001 pared:
P <0.01
P <0.001
ns no signiﬁczgt differene

NS no significangdifference comparged to 14 days HepG2.

v o MU HAPHRTNEGET

@ <0.05 significant difference cog;pared to 7 dags HepG2- cur329

L - IR RRR TN 1R Y

p <. 014 significant difference compared to 7 days HepG2.
P <0.05 significant difference compared to 14 days HepG2.
%P <0.01 significant difference compared to 14 days HepG2-cur300.
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Figure 4.9. Capillary density (%) of the tumor tissue in the dorsal skin-fold chamber
~on 3, 7 and 14 days after the implantation of HepG2 with and without curcumin

treatment (mean + SEM, all n=5).
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4P <0.01 significant difference compared to 14 days HepG2-cur300.
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Figure 4.10. Relationship between capillary density (mean+SEM) and time courses of
- vehicle or curcumin treatment in HepG2, HepG2-cur300, and HepG2-cur3,000
groups.
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Table 4.4. Capillary diameter (um) of the tumor tissue in the dorsal skin-fold
_ chamber on 3, 7 and 14 days after the implantation of HepG2 with and without

curcumin treatment (mean + SEM, all n=5).

Capillary diameter (um)
Groups
3 da ‘a 7 days 14 days
SN\I17%/
- e ———
Con-cur300 p9L0

7.2610.34

990,56 62::0.26

on-cur. 3 /‘/‘ ‘»‘\.\,, +
C 3,000 %f; A‘}\\?:}t\{\ﬁ\ 7.27+0.53
‘\\ {\%\k\ 10.89+0.65 *
| 4 }.\‘\; X

8.77+0.57°

HepG2

HepG2-cur300

HepG2-cur3,000 8.47+0.29°

P <001
P <0.05
P <0.01 signiﬁg'\tdi ,

v o OB AETANUTE,
RINNIUUNIININY
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Figure 4.11. Capillary diameter (um) of the tumor tissue in the dorsal skin-fold
. chamber on 3, 7 and 14 days after the implantation of HepG2 with and without

curcumin treatment (mean + SEM, all n=5).
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Table 4.5A. COX-2 protein levels by using image analysis (Global Labll software)

_ measurement in 3 days HepG2 group with and without curcumin treatment.

(mean = SEM).

Groups

COX-2 protein level (ug/10 pg of total protein)

ek

[ )

w

3 days HepG2- | 3 days HepG2-
. cur300 cur3,000

0.055 0.039

=
7///4\\\\\- | oo

052 0.049
48 ' \ ‘ 0.045

0.0483"

0.0044

"P <0.05 s1gn1fmnt difference compared to 3 da@ HepG2

BTy

P <0.0

Each sa

ammnimumwmé’ﬂ
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Table 4.5B. COX-2 protein levels by using image analysis (Global LablI software)
. measurement in 7 days HepG2 group with and without curcumin treatment.

(mean + SEM).

Groups COX-2 protein levels (ug/10ug of total protein)

'L- D U/ days HepG2- | 7 days HepG2-
cur300 cur3,000

A
mm\ 0.046 | 0.025

.08 1 0.045
//AM\\ N

Y N

0.099

3 _ o " \. "

Mean “-0.1058 . 0.0585

0.0150 0.0158

‘

7

*P <0.005 signimant difference compared to 7 dﬁ HepG2.

E“““““ﬁﬁﬁﬁ?‘iﬁ%wmni
ammnimumawmaﬂ
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_ Table 4.5C. COX-2 protein levels by using image analysis (Global Labll software)
measurement in 14 days HepG2 group with and without curcumin treatment.

(mean + SEM).

T davs : 14 dcays3I-(I"e)gG2-
1 / ‘(‘(g‘\\\\\\ 0.068
: ///# PNy, [ oo
3 I \\ 0.046
4 0.054
Mean | ; . 0.0445°
SE 0 0.0051

P <0.01 s1gn1ﬁcagt Afference compare d to 14 days HepG2.

<ol e W B

Each samp’é pooled all 5 specimens.

ARIANN 3N UA1AINYAY
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Table 4.6. Comparisons of COX-2 protein levels by using image analysis (Global
. Labll software) measurement in 3, 7, and 14 days HepG2 group with and without

curcumin treatment. (mean + SEM).

COX-2 protein level (ug/10ug of tdtal protein)
Group .
3d 7 days 14 days
HepG2 , , 58+0.0075 0.1068+0.0095
HepG2-cur300- +0.147 +0.0150 | 0.0610+0.0057
HepG2-cur3,0 ).00/ .0158" | 0.0450+0.0051 °
r - l|‘I "
o) 403
+ &‘&.. 7 ]
P <0.05 signifieant gl €0 103 s HepG2
"P <0.001 signific ference compared t0'3 days HepG2.
*P <0.005 significant'différerice con to 7 days HepG?2.
P <0.01 significant difféfence coi days HepG2.
°P <0.001 sigi epG2.

] §
AULININTNEINS
AN TUNMIINGAY
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Figure 4.13. Comparisons of COX-2 protein levels by using image analysis (Global
_ Labll software) measurement in 3, 7, and 14 days HepG2 group with and without

curcumin treatment. (mean + SEM).
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Figure 4.14. Relationship between COX-2 protein levels (meantSEM) and time

. courses of vehicle or curcumin treatment in HepG2, HepG2-cur300, and HepG2-

cur3,000 groups.
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Table 4.7. Serum VEGF (ng/ml) of control and HepG2 groups after 3, 7 and 14 days

. with and without curcumin treatment (mean + SEM, all n=5).

Serum VEGF (ng/ml)
Groups
3 days 7 days 14 days
Con 7.20+0.75 6.38+0.68 6.5311.24
Con-cur300 5.58+0.71
Con-cur3,000 - - 6.69£1.79
HepG2 43 | {49,524 "., & 49.961+5.74 **
HepG2-cur300 RFdSs3| 234324 31.30+7.84°
HepG2-cur3,000 4 404641, = 18 56+ 18.18+2.76%"
. ‘
P <0.001 significant differghce compar days Con.
P <0.001 significant differenc it ays HepG2.
_.a.'_.-.'w / o
*P <0.001 significantdi par p
P <0.001 signific " ‘
®p <0.01 signiﬁcant@fferen ays I—@)GZ.

‘P<0.001 significant difference co ﬂpared to’14 days HepG2.

9 <0.01 mgﬂuﬂﬂnﬂ ﬂcﬁ)wcaﬂ,}lmzjursoo
quﬂ\ﬂﬂim UAINYIA El
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Figure 4.15. Serum VEGF (ng/ml) of control and HepG2 groups after 3, 7 and 14

_ days with and without curcumin treatment (mean + SEM, all n=5).
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Figure 4.16. Relationship between serum VEGF (mean+SEM) and time courses of
. vehicle or curcumin treatment in HepG2, HepG2-cur300, and HepG2-cur3,000
groups.
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Table 4.8. Relationship between capillary density (mean+SEM) and COX-2 protein
. levels of HepG2 groups (mean+SEM) during any periods.

The days after inoculation
Parameters :
3 7 14
Capillary density (%) STERRS 51.671+4.26 69.18+2.41
COX-2 protein levels 0.1068+0.0095

(pg/10pg of total protein)

(o]
o
J

(o2}
o

2850x - 23699
R%=0.9607

Capillary density (%)
N I
o o

o
0 | s, 2. s}

A TNy
RINNINANINEIAY

Figure 4.17. Relationship between capillary density and COX-2 protein levels of

HepG2 groups during any periods.
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. Table 4.9. Relationship between caillary density (mean+SEM) and serum VEGF
levels of HepG2 groups (mean+SEM) during any periods.

The days after inoculation
Parameters .
3 ) 14
Capillary density (%) 33.57 1.67+4.26 69.18+2.41
Serum VEGEF levels o . |
(ng/ml) g 1243 -5 +5.18 49.9615.74

[0.0)
o

(o))
o

9.671

Capillary density (%)
) A
o o
x

0 ,,,,,,,,,,,,

(ﬂ‘U%J’J B0 AT s

Seru:;n VEGF (ng/ml)

ARIAINIUURIINYAY

Figure 4.18. Relationship between capillary density and serum VEGF levels of
HepG2 groups during any periods.

1
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1

Table 4.10. Relationship between COX-2 protein levels (ug) (mean+SEM) and serum

. VEGF levels of HepG2 groups (mean+SEM) during any periods.

The days after inoculation
Parameters
3 7 14
COX-2 protein levels
. 0.1058+0.0075 | 0.1068+0.0095
(ng/10pug of total protein)
Serum VEGEF levels - .
(ng/ml) .5245.18 49.96+5.74
60 -
50 -
E
& 40 -
g =
5 |
= 30
>
. E \
g 20
7]
10 -
0.107

QWW sl atihaig

Figure 4.19. Relationship between COX-2 protein levels (ug/10ug of total protein)

and serum VEGF levels during any periods.
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