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INTRODUCTION

One of the most promising areas of cancer research
involves inhibition of blood vessel growth, called
angiogenesis”). Tumor angiogenesis is a critical
process for umeor growth and it serves as a venue for
twmor cell dissemination and metastasis. Growth of
tumor beyond few millimeters requires the induction
of new capillary blood vessels™. Several clinical
reports demonstrated 2 significant correlation between
the degree of tumor vascularity and the patient’s
prognosis in almost all solid tumors”, Therefore the
notion has emerged that tumor growth could be
restricted by selectively inhibiting the angiogenic
process with proper antiangiogenic drugs that exert
l’::vl:';j inhibitory effects on the proliferation of host
ce

Thalidomide (a-N-phthalimidoglutarimide) was
introduced in the 1950s as a safe sedstive with a
remarkable antiemetic effect. After the reponts about
thalidomide's teratogenicity carly in the 196057, (s
- drug was withdrawn from the market, but recently
renewed imz_ren has gained because of its diverse

pharmacologic effects other than the teratogenicity™

Thalidomide emerged as an antiangi ]
: glogeme dru
m thg' assumption that the dysmelia in newborg
- thalidomide babies might be related 1o the mhibition
in _vasculog_emus during the early gestational
wwd'b'“ Since then an  experimental report
established 2  strong antiangiogenic  effect of

thalidomide in an angiogenic gowh G- ndicsd
angiogenesis model™®, but the mmeogegmes o
of this drug in mor sagogesess o (@ ® =
established.

Prostaglandins are implcmted = B develogmes
and growth of malignant tumars™ ~ C ycheowy geme
(COX), the key regulstory enryme for prosmgends
synthesis, is transcribed from two dunms PO
COX-l is expressed consutively = most ==
whereas COX-1l is ropidly mduced = e &
inflammation and at sites of prolifersion, for cxase=
within tumors™™" Increasing evidemce showt %5
NSAIDs can inhibit tumor growsh =
animals and in humans''®. Commonty wsed "‘5"“.‘;;
such as indomethacin, inhiba both COX-1 =04 tm\;‘
but weatment with such agents msy be w,ﬂ
loxicity 10 normal tissves, particularly sleerstic
bleeding in the gastrointestinal tract a3 3 M
of COX- inhibuion"™® Selectve COX-V "":’:;
Tor example rofecoxib, have been showd "’W
carcinagenesis in experimental maodels of pres!
snd colon cancer*'" and chem:l“!"""‘d_w' '
cancer"”. The possible mechamsm af ‘:::,,b.m
eflects of COX-1} mhibitars may b‘,d“"' o
of angrogenesis™™ or induction of apoPie=® .

Captopril (D-3-mercapto-2-methy PPy
profine), an inhibitor of the angiofers!n” o'
enzyme, ¢s widely used in the treat g nas?
cardiovascular diseases™. In addifion: <
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umber of other biological activities™. It can
ameliorate arthritis®?, reverse diabetic retinopathy'*”),
‘enhance insulin sensitivity’, lower thrombotic
fisk® decrease atherosclerosis and renal failure***),
and lower the incidence of radiation-induced
pulmonary - damage  and  radiation-induced
fibrosarcomas in rats”.
_ Several of the diseases that respond favorably to
~ captopril, including arthritis, diabetic retinopathy,
atherosclerosis and cancer are angiogenesis
dependent””, raising the possibility that captopril
could be limiting their progression in part by
inhibiting the new blood vessel growth on which their
pathology depends”™.  Indeed, captopril inhibits
- endothelial-cell migration by blocking the activity of
Zn* dependent metalloproteinases required by
endothelial cells to respond to angiogenic stimuli®®,
Agents that inhibit angiogenesis and extracellular-
matrix degradation may complement other anti-tumor
" therapies, such as chemotherapy, to further inhibit
tumor growth and metastatic spread””.

The efficacy of cis-dichlorodiammineplatinum (II),
marked as cisplatin, has been thoroughly studied since
its introduction to cancer therapy®”. Cisplatin has
proved to be effective against solid tumors of the
cervix, bladder, and prostate®”, The cytotoxicity of
cisplatin lies in its ability to form interstrand and
intrastrand cross-links in DNA®”. Chemoprevention
is a promising strategy to inhibit carcinoma before
invasive tumors develop, but it is far from being
satisfactory, especially because of its significant
loxicity. Hence, new molecular targets are needed®?.
The concept of supplementing chemotherapy with
antiangiogenic agents is aimed at improving the effect
of chémotherapy without increasing the toxicity to the
patient®, .

The purpose of the present study was 1o evaluate the
effect of thalidomide, rofecoxib or captopril on tumor
growth and angiogencsis, when used alone and in
combination with cisplatin in Swiss albino mice
Wwhose solid wmors were induced by a subcutaneous
Injection of Ehrlich ascites carcinoma (EAC) cells.

_ MATERIALS AND METHODS
Animals; ]

: ob,l:e_male_ Swiss albino mice weighing 20-25 g,
dined from the Egyptian Organization for

Biological Products and ‘Vaccines (Vacsera, Egypt),

;"‘;';_:;ﬂd in this study, Animals were kept at 25°C on

plastic urs darkAlight cycle, The mice were housed in
 Vvas us::gc'rs (40%30%17cm) where hardwood bedding
- . Ten animals were kept . Fo
 water were aflowed ad [, p per cage Food and
- Tunior celjy. | -

Ehrlich Ascites Careintnr ' |
“wrlich Ascites Carcinoma (EAC) cell line was -

purch T
c?n,_:: ﬁsﬁx:'em’ﬂ‘“ Biology Department, National
G Htute, Catfo University, EAC is a murine

T

spontaneous breast cancer that served as the original
tumor from which an asciles variant was obtained. On
intraperitoneal inoculation, an ascites rich in tumor
cells is produced. The tumor cell line was maintained
in female Swiss albino mice by serial i.p. passage in
female Swiss albino mice at 7-10 days interval. The
EAC cells were prepared under aseplic conditions.
EAC cells was tested for viability and contamination
using Trypan blue dye exclusion technique™, where
this dye stains dead cells only. EAC cells were
suspended in normal saline so that each 0.1 mf
contained 2.5x10° cells. Cells were counted under the
microscope using Neubauer haemocytometer.

Drugs:
Cisplatin

It is supplied as dry lyophilized powder in vials
(Platinol, Bristol Myers Squibb Co., USA). In the
current study a dose of 2 mg/kg body weight, i.p., was
used®®, The contents were freshly dissolved in sterile

water for injection.
(£)-Thalidomiide _

The powder was purchased from Sigma Chemical
Co. (St. Louis, MO, USA). Thalidomide was freshly
prepared on each treatment day. It was first emulsified
in 0.1 ml Tween-80 and then suspended in phosphare
buffered saline (PBS) to reach a final concentration
such that an injection of 0.1 ml, i.p., would deliver
100 mg/kg body weight®.

Rofecoxib ‘

Supplied as an oral suspension (Selox, Medical
Union Pharmaceuticals (MUP), Ismailia, Egypt). In
the current study a dose of 20 mg/kg body weight, p.
0., was used"®.

Captopril

The powder was obtained from Pharaonia
Pharmaceuticals, Alexandria, Egypt. In the current
study a dose of 50 mg/kg, p.o., was used®”. '

Study design and methodology
The whole siudy was divided into two major

experiments:
- Antitumor activity (Tumor development & survival

study).

11-Assessment of the angiostatic activity.

I- Anti-tumor acfivity )
This experiment was conducted to assess the anti-
tumor effect of cisplatin alone and in combination
with thalidomide, rofecoxib, or captopril using EAC
cells implanted as a solid tumor in the right flank of
female Swiss albino mice. Co N
Eighty female Swiss albino mice were used in this
experiment, Each mouse was inoculated s.c. in the
right flank with 2.5%10° EAC cells in 0.1 ml saline.
Twenty-four hours after tumor inoculation,” -the

“animals were randomly divided into 8 groups, 10

animals each. Table | summarizes various groups and

~ their treatment regimens.
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| « Suymmery of the studydesign. :
o IGr::[.‘»s Treatment regimen
. _____,_,_..-—————-“‘"

Saline, 0.1ml, iLp.

Control e g/kgip
Cisplatin‘ Cisplatin, 2mg/Ke: -1
Thalidomide Thalidomide, 100mg/kg, )P
Rofecoxib Rofecoxib, 20mg/ke, P2
[Captopril Captopril, 50mg/ke, PO
Cisplatin, 2mg/ks, ipt

qigpmimThalidomidc Thﬁlidomide' 100m , 1Lp:

.o — |Cisplatin, amg/ke, i.p-*
Clsplat|n+Rofecox1b Rofecoxib, 20mg{k'g. p.0.
Cisplatin, 2mg/ke, ip-*
Captopril, 50mg/kg. p-0:

t cisplatin) were given for 21
24 hours after umor cells

Cisplalin-!—Captoprﬂ

All treatments (excep
consecutive days starting

inoculation. ‘ .
* Cisplatin was given for 3 conseculive days
starting 24 hours after tumor cells inoculation.

Five days after tumor inoculation, when the tumor
became palpable, the initial tumor volume of each
animal was measured using Vemier Caliper (Optilab,
Berlin, Germany). The tumor volume for each animal
was measured every other day along the experiment.
Tumor growth time (TGT) and tumor growth delay
time (TGDT) were calculated.

Animals were monitored and the mortality was
recorded daily along the study period (100 days) to
calculate the percentage survival of animals, mean
survival time (MST) and percentage increased life
span (%ILS). The study period was determined by the
longest life span among all animals,

The twmor volume: The tumor volume was
calculated according to the following formula:

Tumor volume (mm*)= 0.5 A* B
Where A and B are the minor and major tumor axes,
respectively®”.

Tumor growth u"me (TGT): It was calculated as the
average days required by the tumor to reach double,

triple or quadruple the initial tumor valume®*".

Tumor growth delay time (TGDT):

. ||
calculalefi as the difference between the average tunv:?)i
growth time of the treatment group (TGTI() and the
control group (TGTc) to the double, triple or
quadruple the initial tumor volume.

Percentage survival of ani
T mals = [n .
mice/initial total number of mice ( ‘051 'ir;‘ggr of living

M o
o e o o
Broup otal number of mice in this
Percentage increased |i

_rercenlag ife span (9 =
survival time of treated groupp/ M:;;I:‘ S) = [(Mean
control group) - 1] x 100 urvival time of

An enhancement of |; :
: ife s
co.rmdercd as effective anti

1I- A:gloﬂaﬁc activigy;
- Assessment i
. of the angiostatic activities of

Pan by 25% or more was
~tumor response™”!

cisplatin alone and in combination with tha|ig
rofecoxib or cap:jopnl on E:C-bcaring &maleo?‘dt'

- o mice was done accor ing to th Wisg
albing | B € method of Ly

et alt™
Eighty fema

mouse was ino

lower ventral side

le Swiss albino mice were

culated i.d. at 4 sites bilater::r;' .
(after shaving this area) with ?3 e
EAC suspension (257106 cells/ 0.1 ml) on each "
Animals were randomly divided into 8 groups oy
treatment  Wwas initiated 24 hours afier ;.,The
moculation, which was designated day (0). Ani.-::;;

were given the drug regimens, mentioned under i

anti-tumor experiment section, for 3 consecutive day;

The degree of angiogenesis was assessed |y,
measuring the tumor vascular volume on day 1 4
follows:

Twenty-four hours after administration of the fag
se was injected i.v. with 0.25 mi (1%
e (Sigma, USA) through the tail vem
fier dye injection each mouse wa
killed by cervical dislocation and implantation sz
were punched out. Each two skin discs were pooled up
in 2 ml standard solution (mentioned below) and ket
at room temperature for 24 hours with occasions!
shaking. Following centrifugation, at 4000 rpm for 3
minutes, the absorbance of the supernatant Wz
measured at 620 nm using spectrophotometer.

Standard solution was prepared by injecting twe
normal mice (i.v.) through the tai) vein with 0.23 @
of 1% (w/v) Evan’s blue. Two minutes thereafier, 2
blood was withdrawn from orbital sinus under gt
ether anesthesia using heparinized microcapillans
and layered on a solution of sodium sulfatefaceton
{0.5% Na2S04, acetone=2/3 v/v) at 2 concentration f
2 ul blood/ml. The suspension was kept at 4°C for ¥
hours, The supernatant (the standard solution) "
then separated by centrifugation at 4000 rpm for
minutes and stored at 4°C until use.
The results were expressed as
angiogenesis which was calculated acc@
following formula:

% Ang. = [(4-BY(C-B)) 100 it
Where A, B and C represent the © HE2 " aroutd
measured at 620 nm of the treated tumor, cke
and control tumor, respectively.

dose, each mou
w/v) Evan’s blu
Two minutes a

Statistical analysis

Data were computed as the m
the mean and compared using ing
Multiple comparisons were carfie ou USlllo d "
analysis of variance (ANOVA). foarﬁ tes
Bonferroni test for selected pairs: Chi 5" atme® !
used to analyze the effect of different
survival,

| RESULTS ' of
I- Anti-tumor activity ' ‘ .
In the current study,

cisplatin alone and in combi
rofecoxib, or captopril was 2%
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qumor VOIS tumor 'growth time (TGT), tumor
owth delay time (TGDT), percent survival of
animals, mean survival time (MST) and percentage
increased Jife span (%ILS).
Effect on tumor volume
Treatment with_cisplatin (2 mgkg, ip.) for 3
cansecutive days significantly (p<0.001) reduced the
¢ compared to the control group (Figure

umor volum

1).

The administration of thalidomide (100 mg/kg, ip.)

days also significantly (p<0.007) reduced
the wumor volume to a lesser extent than cisplatin. The
combination of thalidomide with cisplatin produced a

ificant reduction in the tumor volume

further sign
compared t0 the control group (p=0.001) (Figure 1).

gimilarly. rofecoxib (20 mg/ke, p.0.) or captopril
(50 mg/ke, p.o.) and their combinations with cisplatin
uced a significant (p=0007) reduction in tumor
yolume as compared to the control group (Figures 2

and 3).
Although there was no significant difference between

individual treatments and their combination with
cisplatin, their depressing effect on tumor volume
ended to be enhanced progressively from the
individual treatment 10 the combinations with cisplatin

(Figures 1-3).
Effect on tumor gro wih time (TGT)

Administration of cisplatin (2 mg/kg, i.p.) for 3
consecutive days failed to significantly prolong TGT,
however, cisplatin tended to increase TGT required to
reach 2-, 3-, and 4-fold the initial tumor volume from
the 5® day of inoculation by 124+3.4%, 1373.7% and
137+3.02%, respectively, as compared to the control
group (Figure 4).

Although the individual treatments of thalidomide,
rofecoxib or captopril didn’t show any significant
effect on TGT, their combinations with cisplatin
produced a significant increase in TGT as compared to
the - control group (p<0.001). The combination of
thalidomide with cisplatin could produce a significant
increase in TGT required to reach 2-, 3-, and 4-fold
the initial tumor volume from the 5" day of
‘Jmlatiun by 280£40.9%, 306%15.2% and
09:9.3%, respectively (p<0.001) (Figure 4). A
f'gl_“!'lcam difference was -also found between the
md:vupua! treatment  of thalidomide and its
combination with cisplatin (p<0.00/) (Figure 4).
m;:ml:'i; 5::::; pattern, the cp—administration of
incressad 'TGT cisplatin  significantly (p<0.001)
317414 5 by, 332432.5%, 322420.5% and
O17414.5%, respectively, com d
group (Figure 4). Th ) pared to lh? c_ontrol
difference betweeﬁ | ere w?s-_also a significant

e combination group and. the

. prol ith ra
| p lliealed with rofecoxib alone (p<0 007y (Figure

4).

The treatm . : .
cisplatin Sign?f? with captopril in combination with
250426.9% 26613"‘1)’ (p<0.00]) increased TGT by
T 26.2% and 262+24.8%, respectively,

- group, Wwhereas, cisplatin,

compared 10 the control group (Figure 4). There was
also a significant difference between the combination -
treatment and the captopril individual treatment

(p<0.05) (Figure 4).
Effect on tumor gro wih delay time (TGDT)

The tumor growth delay time (TGDT) values were
ween the average fumor

calculated as the difference bet

growth time of the treatment group (TGT1) and the
control group (TGTe) to the double, triple or
quadruple  the initial tumor  volume. Following
cisplatin (2 mg/ke. ip.) administration, TGDT values
were 2.40.34, 2.6£0.46 and 5.47+0.48 days.
respectively. ,

The combination 0
significantly (p<0.001) increased
reach 2-, 3, and 4-fold the initial tumor volume by

758+171.9%, 1084+41.4% and  542224.1%,
respectively, compared to cisplatin (Figure 3).
Similarly, the co-administration of rofecoxib with
cisplatin significantly (p<0.007) increased TGDT to
reach double, triple or quadruple the initial tumor
volume by 082+154.2%, 1069:60.3%  and
564+31.6%, respectively, compared 10 cisplatin

(Figure3 ).

The treatment with captop
cisplatin significantly (p<0.001) increased TGDT

values to reach 2., 3-, and 4-fold the initial tumor
volume by 633+89.2%, 800+53.4% and 42244 1%.

respectively, compared to cisplatin (Figure 5).
Effect on percent survival of animals

The change in percent of survival of animals was
recorded daily for @ period of 100 days following
tumor inoculation.

On day 58, there was @ 5

f thalidomide with cisplatin
TGDT values 10

ril in combination with

0% survival in the control
thalidomide and their
n maintained 100% survival (Figure 6.

her combinations of cisplatin with
aintain 80% and 90%

6, middle and lower

combinatio
upper panel). Ol
rofecoxib or captopril could m
survival, respectively (Figure
panels).
The control EAC-bearing mice showed Zero %
survival after 79 days of the experiment. On the same
day, a 30% and 50% survival was noted in the
cisplatin and thalidomide group, respectively. The
combination  treatment of these drugs could
successfully mainain 90% survival (Figure 6).

Rofecoxib and its combination with cisplatin

produced 30% survival on day 79. While captopril and

its combination with cisplatin maintained the least

survival (10%) (Figure 6). The treatment with
cisplatin, thalidomide and their combination  could
expand the life. span of animals for 86, 96 and 100
days, respectively (Figure 6). '

[ time (MST)

was -calculated as the
e in each group divided
this group. In the EAC

Effect on mean surviva

Mean survival time (MST)
sum of survival days of all mic
by the total number of mice in
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jval ti 50+6.75
mean survival time was - :
tci::smt\%trl‘::&hmfhc reference substancc (cisplatin)
ter.ldéd to increase MST to reach. e
failed to produce a significant fi|ﬂ.'erenct: ?:3:‘0 o
control. In contrast, thalidomide significantly (P=2

increased MST to 78.6+3.55 days. F“.nh ;;:;lor?oﬂll;
combination of thalidomide mthmgrlfp(w.%lﬂ)

uce the highest increase in N ihe
mh was significantly (p<0.01) dilfere'ndl ﬁ-(:n:how
contral (Table 2). All other treatiments did no

significant changes in MST values.

Efffect on life span (%ILS) ' ’

Parallel to the results of MST, thalidomide npd its
combination with cisplatin could produce the highest
9%ILS, 57.2% and 79.8%, respectively, compared 10
the control group (Table 2). All other treatments,
except captopril, could produce an enhancement of the
life span by more than 25% compared to the control

group (Table 2).

73.4£2.67 days, it

\

g 2
o O

Mean tumer volume (mm’)
2 8 &

R AR
Days post-tumor Inoculation
Figure 3. Effect of cisplatin (2 mgkg, |

albino mice.

Values are expressed as the mean volume of tumer - ¢
a: Significantly different from control at p<fi gy
Number of animals in each group (n) = 10

P.) andy
captopril (50 mg/kg, p.o.)eun the tumor volume of 5‘4:
cells injected s.c. (2.5%10" cells/mouse) in femaly Soris

2000+ - ——
A Tumor Tore (Do 'l
A e

- am . -
Eim- 1 - taz
: 00 ¢
E 4 2 -o-Contrdl ! 1
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»~ 3004 ~o— Thaldomide |
E 3 _o Cisplatins Thalidomide ) o -
g ¥ ‘ ' e : =
] ® B - = : :
= 100 Can! Cis T _b' act mﬂn. l‘.n-::-_-m_

HEEREEEEEE
Days post-tumor inoculation
Figure 1. Effect of cisplatin (2 mg/kg, i.p.) and/or
thalidomide (100 mg/kg, i.p.) on the tumor volume of
EAC cells injected s.c. (2.5%10° cells/mouse).
Values are expressed as the mean volume of tumor +
SE.
a: Significantly different from control at p<0.00/.
Number of animals in each group (n) = 10,
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ecoxib (20 mg/kg, p.o.) or captop wih time (T ot

on the percentage increase in tumor 8 U
from control to reach double (A.), triple (B':;::g fer

L R e
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- |
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a: Significantly diﬂ‘crca:ntut!rize::nrﬁl;lme of tumor + g pL0.001. ¢ Siglﬁ?fi.c::::;yy different w":of',coﬂ'h o
Number of animals jn each group (;‘; :'1050 ony corresponding - treatment ((hn]idOmldC- A

captopril) at p<0.05. 10
Number of animals in each group (M= ™
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Figure 5: Effect of cisplatin (2 mg/kg, i.p.) alone and
_in combination with thalidomide (100 mg/kg, i.p.),
rofecoxib (20 mg/kg, p.o.) or captopril (50 mg/kg,
P-0) on the percentage increase in tumor growth delay

time (TGDT) from cisplatin to reach double (A.),

triple (B.) or quadruple (C.) the initial tumor volume
in EAC-bearing female Swiss albino mice.

b. Significantly different from cisplatin at p<0 001, c:
Significantly different from individual corresponding
ireatment (thalidomide, rofecoxib or captopril) at

<0001,
Number of animals in each group (n) = 10,
g,
— Control
- -- = Clspletn
. «= Thaldomide
: ‘v — --Cisplatin+ Thatdomde
9 '
a a
"4
1 wzvmqosneommniio
. Days pont-tumer Inoculation
_ “ [; T-‘--;.-L—- — Control
) 70t ~== Clapiadn
@ _ cm s L. ) -~ Rofecomb - . .
3. ' s “,‘r‘, ==+ Cisplafin+Roleconb
cwoal Ty '
! ‘;1
S.- Ry - - -
T gt D —‘-.'-.\"
¢ ‘0 !';..""' ——y - =
D:‘nwuumnnm

% Survival
3

0 10 20 30 40 60 60 70 80 93 fio
Daye pest-tumor inoculation

Flgure 6. Effect of cisplatin (2 mg/kg, i.p.) alone and
in combination with thalidomide (100 mg/kg, ip.),
upper panel, rofecoxib (20 mg/kg, p.0.), middle panel,
or captopril (50 mg/kg, p.o.), lower panel, on percent
survival of EAC-bearing mice. Number of animals in
each group (n) =10,

Table 2: Effect of cisplatin (2 mg/kg, i.p.) alone and
in combination with thalidomide (100 mg/kg, ip.).
rofecoxib (20 mg/kg, p.o.) or captopril (50 mg/ke,
p.0.) on mean survival time of EAC-bearing female
Swiss albino mice.

Group MST?* (days) | % ILS**

Control 50.0£6.57

Cisplatin 73.4£2.67 46.8
Thalidomide 78.6=3.55" 572
Rofecoxib 62.7+7.57 254
Captopril 574£5.84 14.8
Cisplatin+Thalidomide|  89.9+2.48° 79.8
Cisplatin+Rofecoxib 70.8x5 96 41.6
Cisplatin+Captopril 69.3£4.25 386

* Mean Survival Time (MST) = sum of survival days
of all mice in each group/total number of mice in this

-group (10).

** % Increase in Life Span (%ILS) = [(MST of treated
group/MST of control group)-1] x100..

Values are expressed as mean = SE,

a: Significantly different from control al p<0 01
Number of animals in each group (n) =

I1- Angiostatic Activity

-In this experiment, the angiostatic activities of
cisplatin alone and in combination with thalidomide,
rofecoxib or captopril on EAC-bearing female Swiss
albino mice were investigated, The degree of
angiogenesis was assessed by measuring the tumor

~ vascular volume spcctrophotomctncally using 1%

{w/v) Evan's blue,

As deduced from the angmgenests equatwn. tumor
inoculation induced 100% angiogenesis in the control
group, which represented a base line for angiogenesis.

Administration of cisplatin 2 mgkg, ip.) for 3-
consecutive days failed to produce a signifi icant -

" reduction in angiogenesis. In the contrast, thalidomide

(100 mgrkg, i.p.) significantly’ (p=0.05) inhibited the -
angiogenesis to 66.6+4.8% compared to the control -
group. The combination of thalidomide and cisplatin - -
further |nhibucd the ungmgenesns mgnlﬁcamly by :
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50% compared to the control group (p<0.001) ns well
as cisplatin-treated group (p=0.07) (Table 3?. -

Similarly, rofecoxib (20 mg/kg, p.o) significanly
(p<0.05) reduced the angiogenests o fﬂﬂcr
56.02+8.99%. Furthermore, the combination 0
rofecoxib and cisplatin  produced the maximal
reduction in angiogenesis to reach 42.8+4.09%, which
was significantly different from both the control group
(p<0.001) and cisplatin-treated group (p<0.07) (Table
3).

Although the administration of captopril (Sq !11g/kg.
p.o.) couldn’t show any significant inhibition (_)f
angiogenesis, its combination  with cisplatin
significantly (p<0 007) inhibited the angiogenesis 0
reach 55.9745.3% compared to the control group
(Table 3).

Table 3: Effect of cisplatin (2 mg/kg, i.p.) alone and
in combination with thalidomide (100 mg/kg, i.p.),
rofecoxib (20 mg/kg, p.o.) or captopril (50 mg/kg,
p.0.) on the percentage of angiogenesis in EAC-
bearing female Swiss albino mice.

Group Percentage of angiogenesis
Contral (n=6) 100£8.4
Cisplatin (n=7) 84.65x1.5
Thalidomide (n=8) 66.6+4.8"
Rofecoxib (n=8) 56.02+8.99"
Captopril (n=7) 69.3 £8.5
Cisplatin+Thalidomide b
.23,

(n=6) 50.2£5.9
Cisplatin+Rofecoxib b
(n=6) 42.8+4.09"
Cisplatin+Captopril o
(n=6) 55.97£5.3

Values are expressed as mean * SE.

a: Significantly different from control at p<0 001 b:
Significantly different from cisplatin at p<0.001,

n is number of animals in each group.

DISCUSSION

Tumor angiogenesis is a critical step for the growth
and metastasis of solid ~tumors”, Several
antiangiogenic drugs have been developed with
promising results in experimental settings®®. The
antiangiogenic effect of thalidomide, rofecoxib and
captopril was investigated in the current study,

Unsuccessful studies utilizing thalidomide as a
_ single agent in both mice and humans haye
recommended that future research be done to evaluate
its efficacy as an adjuvant to chemotherapy"**), Tpe
current study has documented the ability of (he
~ individual treatment of thalidomide to reduce solig
tumor growth in Swiss mice. There have been
- conflicting results as to anti-tumor and anti-angio genic
" effects of thalidomide. It was shown that thalidomide
‘inhibited both basic fibroblast growth factor (bFGF) -
and vascular -endothelial growth factor (VEGF)-
" induced comeal neovascularization!” ‘and TNF.q
'mRNA expression*Y. The inhibition of wmor growth

by 55% in the rabbit oral carcinomg e

thalidomide alone has been reported'* ¢ "y el
to demonstrate similar inhibitory effectsitne, hily
phase Il clinical study using thalidom;g. 8 H,
patients with renal cancers showed some "’SP;Jnsg

no objective responses were seen in Ovarigy b.;bq
cancers, and melanomas’. When myrig.’
cancer was treated  with  thalidomg,
chemotherapy drugs, reduced primary ang Sl
tumor growth were recorded"”. N

In the current study, the combination of thajig,,,
and cisplatin seems 0 be superior 10 thaligyy, .
alone. There was no significant difference bcr,,;
both treatment regimens.

It seems that the timing of treatment on the coyp,
of tumor progression is critical. A previgus m:‘?
which withheld treatment until tumer formgg.
reported the inability of thalidomide w inhine iy
wmor formation'’. Whereas, the same o
showed a depressing effect of thalidomide on nmer
volume when treatment was initiated before the uper
volume reached 50 mm’"“?. Therefore, in the preses
study, treatment with thalidomide was commenced 4
hours after cell inoculation.

COX-Il  inhibitors are another  propos:
antiangiogenic agents. To the best of our knowiziz
there are no studies determining the efficacy of CT%-
I inhibitors in the chemoprevention of Ehrlich ==
carcinoma. In the current study, we observed ==
efficacy by evaluating rofecoxib inhibition of EA-
induced tumor.

It has been known that induction of COX-If ex0™
is an early event in the developmer®
carcinogenesis™®, This fact implies that this ez *
an excellent target for early intervention and SUPF™
the rationale of using rofecoxib for e
chemoprevention before invasive umors develop

In recent studies, it was found that CQ“" e
is not normally present under physiological ¢
in tissues but is extensively expressed 1" (it
especially in cancers with a high angiogen'® acni :
The enzyme is rapidly induced in most cancf]r" In?
including colon, lung, breast, and Pros',m-c of s
clinical study, immunohistochemical anal);‘:l oxl
samples collected from patients showed l:er ke
was extensively expressed in oral and 0, e @
neck cancer™. Interestingly, there ecancﬂ ”
indicate that the expression of cox-l mv,ssds' tﬁ: ,
mainly restricted to the new blood rimd ‘m?;l.
preexisting vasculature adjacent (0 the [:as!ﬂti‘ it
and the blood vessels invading the mc‘ in the Iu'( i
however, the expression was not preset at O
cells themselves™, All findings suggeﬂ et O W
may be an excellent target for the o of " e
strategies in the | fon or treatment Ly
gies in the prevention of the ! h -
the current study, our findings SuPP oy gro“';; p
about the effect of rofecoxib 0{‘,‘““‘0{ e g ?
study has documented the abl It)fm:lrrli"i"'“ R

- reduce solid tumor growth when
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¢ agent to Swiss mice whose solid tumors were
induced with EAC cells.

Specific inhibition of COX-II in a murine Lewis
ung carcinoma model restores host antitumor
reactivity by decreasing the immune suppressor
cytokine interleukin 10 and increasing the antitumor
cytokine interleukin 12", Given the potential for
snhibition of COX-II in tumor, stromal, and immune
“¢ells, it is nol surprising that combination therapy of
COX-II inhibitors with antiproliferative agents and
radiation therapy result in synergistic benefits in
wmor regression™*", Parallel to these results, we
nave reported the beneficial effect of combination
therapy of the COX-I1 inhibitor, rofecoxib, with
cisplatin.

In addition to thalidomide and rofecoxib, the ACE-
inhibitor, captopril, was investigated in the present
study. A previous study documented the antitumor
activity of captopril in rats®". On 1999, Prontera ef al
have also reported that the inhibition of gelatinase A
(MMP-2) by captopril was able to reduce tumor
growth and lung metastasis in mice bearing Lewis
lung carcinoma®”. In the current study. we
documented the ability of captopril to reduce solid
mmor growth. This antitumor effect tended to increase
when captopril was combined with cisplatin.

Increased life span is a parameter that reflects the
efficacy of antineoplastics. Because the majority of
cancer treatments involve reducing tumor volume,
prolonging life span, and improving quality of life, the
ability of treatment regimens to increase life span is
- imponant*"  Thalidomide  treatment and 1ts
combination with cisplatin produced the highest
%ILS. 572% and 79.8%, respectively. This may
imply the efficacy of thalidomide as an adjuvant
treatment to cisplatin. Similar observation was
obsérved with both rofecoxib and captopril.

The antiangiogenic activity of thalidomide,
rofecoxib and captopril has been postulated as a
possible mechanism of their antitumor effect. To
measure angiogenesis, very few methods are available
atrpresent Individual methods rely on the estimation
°Anﬂ1: x:egrlec of neovascularization around the tumor.
and w0 mple of llslscjg assays includes chick embryo

il a;nea assay'**56), From a therapeutic standpoint,
of um?:)’s may potentially overestimate the activity
higher uu?’gents because lgcal drug concentration is
capillaries -drug levels in any other tissue. As
o iy grow toward. the nstimulus, the drug
Stk ﬁ:o" becomes higher™”. The present stud
Bt at the use of the dye-perfusion technique'™”
Varia:iou'm objective endpoint and diminishes the

, 5. Moreover, this assay was less labor-

* animals,
* * Thalidomide
. lumor develop

intensive- s p hay
ensive gnq required a relatively small number of

wizas reported to be an angiogenesis
refore, the exploration of this role in
l_;l:m was a part of the present study,.

€ and ifs‘combination proved effective

as antiangiogenic treatments. The antiangiogenic .
effect of thalidomide was reported when administered
by the intraperitoneal route but not by the oral route'”.
This was explained on the basis of the bioavailability
of the active form of the drug at the tumor site. It has
been noted that thalidomide is partially decomposed
by hydrolysis in rat gastrointestinal tract after oral
administration®™, Also, Koch (58) reported that the
required dose of thalidomide for producing acute
toxicity in mice was almost 2.5 times higher by oral
(10g/kg) administration than the intraperitoneal
(dg/kg) administration, The current results indicated
an antiangiogenic effect of thalidomide after
intraperitoneal administration.

In the swdy conducted by Kotoh e al™,
thalidomide was effective in ES63 tumor strain only
but not in ES80 after intraperitoneal administration.
This may indicate that the effect of thalidomide is
tumor-type  dependent.  Until now. the strong
antiangiogenic  effect ol thalidomide has been
exclusively noticed in the bFGF- or VEGF-induced
corneal angiogenesis model"”. This indicates that this
drug modulates the function of these angiogenic
growth factors [for inhibition of new vessel
formation.

A significant reduction in tumor-induced
angiogenesis ~ was associated  with  rofecoxib
administration  in  EAC-bearing  mice. The
effectiveness of rofecoxib in the inhibition of
angiogenesis has been established in this mouse
model. The present results indicated that rofecoxib has
a significant effect on the inhibition of tumeor blood
supply.

The ability of captopril to inhibit new blood vessel
formation has been demonstrated in capillary
endothelial cells®. In contrast to thalidomide and
rofecoxib, the mild reduction in angiogenesis
observed in the present study with captopril was not
significant. Similarly, cisplatin produced a marginal
reduction in angiogenesis. However, the combination
of captopril and cisplatin exhibited an additive
depressing  effect on angiogenesis  that  was
significantly different from the control. The effect of
captopril on angiogenesis is controversial. Other
investigators have demonstrated a clear inhibitory
effect of captopril on new blood vessel formation"’”,
These authors have suggested an inhibitory effect of
MMP-2 as a possible mechanism of action for
captopril. ‘ i

It is concluded that thalidomide, rofecoxib, or

_captopril exerts an antitumorigenic - effect in the

present model -of solid tumor in Swiss mice.
Thalidomide and rofecoxib proved to have an -
antiangiogenic  effect in EAC-model,  The
antiangiogenic effect was associated with a significant
reduction in tumor growth and an increase in the life.
span of animals. Therefore, the present study may
suggest a beneficial role of these-agents as an adjuvant
therapy in lumor management.
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