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ABSTRACT
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- —. INTRODUCTION
Cyclo-Oxygenase (COX) is an enzyme that is
ible for formation of important biological

mediators called prostanoids (including prostaglandins,

prostacyclin and thromboxane). Currently three coX
isoenzymes are known-COX-1, COX-2 and COX-3.

COX-1 is considered a constitutive enzyme, being found

in most mammalian cells. More recently it has been

chown to be upregulated in various carcinomas and to
have a central role in tumorigenesis. COX-2, on the other
hand, is undetectable in most normal tissues. It is an
inducible enzyme, becoming abundant in activated
macrophages and other cells at sites of inflammation

“while COX-3 is a splice variant of COX-1 which retains

intron' one and has 2 frameshift mutation, thus some

prefer the name COX-1b or COX-1 variant (COX-1v)"".
The most sipnificant difference between the
isoenzymes, which allows for selective inhibition, is the
substitution of isoleucine at position 523 in COX-1 with
valine in COX-2. The relatively smaller Vs residue in

~0X-2 allows access to a hydrophobic gide-pocket in the

mnzyme (which isoleucine523 sterically hinders). Coxibs;

1ew Non-Steroidal Anti-Inflammatory Drug (NSAID) ,

~ sind to this alternative site and are considered to be
selective inhibitors of COX-2. |

Pharmacological inhibition of COX can provide -
velief from the symptoms of inflammation and pain; this
is the mechanism of action of classical non-steroidal anti-

" inflammatory drugs, the main non selective COX

inhibitors ~such as the well-known drugs; aspirin and

ibuprofen®. i ‘
Several studies have reported an inversc
_relationship between cancer incidence and regular use of
- cyclooxygenase inhibitors, including aspirin™® %, The
.- dietary administration of cyclooxygenase inhibitors, such

-  ——

29

as ibuprofen and celecoxib, significantly reduced the
incidence, multiplicity and volume of tumors in’ femaie
Spragne-Dawley rats with dimethylbenzathracene-
induced mammary carcinomas'® 7 The mhibition of
Cox-2 function by the use of 2 Cox-2 inhibitor or Cox-2-
null cells markedly increased DNA damage-induced
apoptosis'™.

On the other hand, some studies have documented
a strong relationship between cyclooxygenase inhibitors
and induction of DNA strand breaks and cell death by
apoptosis "cell cycle arrest™™ '®, Sulfasalazine or
SASP;NSAID induced Sister Chromatid Exchanges

(SCE) and Micronuclei (MN) frequencies in the
peripheral blood erythrocytes of male and female mice
administered 675, 1350 or 2700 mg’kg SASP by gavage
for 90 days. Weak but significant dose-related increases
in MN were also recorded in the bone marrow cells of
male mice administered 500, 1000 and 2000 mg/ky

SASP for 3 days""".

In the same line, Ibrulj et al."? recorded that
paracetamol concentration of 200 microg/ml expressed
certain genotoxic effects in human peripheral blood
lymphocytes. The cellular damage induced by
Paracetamol leads to expression in chromosome
aberrations such as gaps, chromatid breaks, acentric
fragments and polyploid metaphases”.

Stemmed from the previous outlines, the present
study was performed to evaluate the effect of Flunixin
meglumine (Finadyne)®, a cyclo-oxygenase inhibitor and
a potent analgesic, antipyretic, and anti-inflammatory
drug acting by inhibiting the cell's production _of
prostagllandms and other chemicals that stimulate the
body's mf_Iam.matory- response, on different. cytogenetic
parameters - including - mitotic ~ index, ~chromosomal
aben'auons,_ quantititive - estimavion  of nucleid acids -
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P \ ietect enctic diversity
(DNA"and RNA) and detection of SDNA ~RAPD"
using random amplified polymorphic
technique in rats, ' :

MATERIALS AND METHOD‘S 5
Drug:  Flunixine meglumine (Finadyne)”, _SCh“_ms'
“ Plough Veterinaire Co,, 50 ml injectable solution vials-
each ml contains 50 mg funixine meglumine, .
Rats: Thirty albino rats were obrained from the Animal
House, "Faculty. of Veterinary Medicine, Zagazig
University. The animals were kept under hygienic
conditions, housed in metal cages and bedded with wood
shavings, fed on a balanced ration and watered ad-
libitum, They were sccommodated to the laboratory
conditions for two weeks before being experimented
with. .
Experimental design : - :

Rats were divided into three cqual groups each of
10 as follows:

The first group received no-treatment and was
considered as a control group. The second group was
intramuscularly injected with finadyne; 2.5 mg /kg body
weight. once daily “for 7 successive days""). The third
group was intramuscularly injected with finadyne; 2.5
mg/kg body weight once daily for 30 days "prolonged
administration", '

Cytogenetic evaluation:
- . Chromosomal aberrations and Mitotic Index
(MI):
Bone marrow extraction and Ppreparation ;

It was carried out according to Yosida and
Aman"®. Colchicine solution; 0.5% was intramuscularly
injected into rat groups at a dose of 0.25 ml/100 gm body
weight to stop the mitotic division.

After ninety minutes of colchicine treatment, rats

was sacrificed and both femurs were dissgcted and
opened at both ends of cutting epiphysis.
: One ml of physiological saline solution was
injected from one end while the cell suspension was
collected at the other one in a centrifuge tube using one
tube for each femur. - -

In order to facilitate the hypotonic treatment, the
cells were suspended in five ml of 0.9 NaCl then
centrifuged for 10 minutes at 1000 rpm, and the
supernatant was discarded.

Hypotonic solution treatment was carried out jn
~order to increase the cell volume. The cells were
suspended in two ml of 0.56% KCI and incubated for 20
minutes at 37°C then the tubes were centrifuged for §
- minutes at. 1000 rpm,

Fixation:

Two ml of.'ﬁ'eshly prepared [fixative (3 parts’

methyl alcohol and one part glacial acetic acid) were
added, then the cells were mixed gently and lefi for 30

minutes - at room femperature. The solution was.

centrifuged for: 5 minutes at 1000 rpm, then (he
" supernatant was discarded .and four ml of the fixatiye
solution were added. This treatment was repeated three

' times until a clear solution was obtained,

-By mean of a ciean and dry Pasteur pipette amuil '

: om the cell suspension.were.diopped on '
d;'opleés ﬁél”s slides previously dipped in 60% ethanol.
= ;_]‘::'; lltgs were flamed and stained with Giemsa stain,

30

_ Staining of the chromosontes:

The fixed slides were stained by Giemsy 5y,
according to Genest and' Au‘gaf'?’.uom ml of :t::
Giemsa 5% was diluted with nine mJ of pbq?ph-m brufey
(pH 6.8). The slides were stained in m{:hu} jor fora
minutes, rinsed by distillated water and dried in' gir,
Analysis of the cyfogenetic 'datn.' '

1- Microscopic defection: T :

Direct examination of the dried stined slides gy
carried out under low power for suitable :
spread, then examined under the maximum magnificatigy
using the oil immersion lens for details, _

For analysis of chromosomal aberrations, fifty
metaphases per animal were selected™” 2

2- Photographic analysis: -

Photographs intended for analysis of cyiogenssic 5
data were enlarged 3000 times. The photographic |
analysis included the chromosomal strﬁ‘tmre in whici the
chromosomes were arranged in pairs for diagnosy
(Karyotyping)™ and identified””,

3- Chromosomal aberrations:

It was described according to Brusick™ 4

follows: . :

a) Chromatid type aberrations

As in break and end to end association.

b) Chromosome type aberrations - ;
As in Ring and sticky and pulverizad

chromosomes,
4- Mitotic Index (MT): _ '
The mitotic index was calculated by coanting 500

cells for each animal and scoring the number of cell =
mitosis per 500 cells.

M = Number of metaphase cells x 100 B

Total number of cells
IL.- Quantitative estimation of nucleic
and RNA):

Samples of liver tissues: were obtined fom
slaughtered rats for Extraction of nucleic acids®®. DNA
Was determined according to the method of Dische and
Schowerz™, its optical density was determined by
spectrophotometer at 600 nm, DNA content (mg/g tissee)
Was  calculated by: Reading X 4039, RNA was
determined according to Mejbaum®™), its optical densin
Was measured at 660 nm, RNA content (mg/g tissus) was
calculated by: reading x 17,8,

L Genetic Identity ond diversity analysis usisg

acids (DNA®

Randomly Amplified Polymorphic DNA (RAPD) | ¢
technique: . _ _ _ ]
This technique was used to study the effect of the £

test drug on the molecular level and to reveal if 29Y |

genetic diversity exists benween groups . The technigue I8

based on randog, amplification of short segments ¥
target genomic ‘DNA

get usin§ a single oligonueleotid®
primer of arbitrary sequence™®, -
N eXfraction:

o Genomic DNA ‘was isolated from the blood of v
or 2 Eroups using the DNA isolation Kit (Catalog .
Promega  [pe, USA) following manufachure™

instructions then, DNA was quantificd a1 OD = 260 .nn 3
using a Uy spectrometer. . T
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CR reactions: .
d Amplification reactions were run at a volume of

; erkin Elemer 2400 thermocycler. The reaction
ﬁ;:lrt:y l::Dl‘ltﬂincd 0.4 pM of each of the four
deoxynucleotides (dATP, dCTP, dGTP and dTTP); 2
mM MgCly; 0.5 U Tag-polymerase CPromcga)': 0.5-5 nM
of primers (ISSR or RAPD/Operon Technologies) (Table
3); 2.5 pl of 10 X thermophylic buffer (50 mM K('.;Iz,5 }10
mM TRIS-HCI, Promega); and 20 ng template DNA™,

PCR amplification:

RAPD amplification programs were settled on for
the thermal cycler at 94°C for 2 minutes; 35 cycles of:
94°C for 30 seconds, 36°C for 45 seconds, 72°C for 1 min
30 seconds; 72°C for 20 .minutes; and 4°C soak forever.

" The anncaling temperature varied according the melting

temperature (™) of each primer. The core program
increased from 35 to 40 cycles, if amplification is weak,
o get slight increase in the amount of PCR products.

Gel electrophoresis:

~ Amplified fragments, 10 ul, were separated by
agarose (1.2 %, SeaKem LE, FMC) gel electrophoresis,
stained with ethidium bromide (0.5 ng/pl) at 80 Vin 1 x
TBE buffer and photographed on a UV transilluminator
(Pharmacia) by Canon Ss digital camera with UV filter
adaptor. A negative control which contained all the
necessary PCR components except template DNA was
included in the PCR runs.

Fragment analysis:

. Sharp PCR fragments were scored for the
presence versus absence (not "ghost"). Fragments at low

~intensities were only scored as present when they were

reproducible in repeated experiments.
. Cluster analysis:

Genetic similarity was estimated on the basis of

Jaccard coefficient®. Data from the similarity matrix

were used for cluster analysis by the unweighted pair-
group method with arithmetic averages (UPGMA). All
the calculations were performed by using the NTSYS-pc

version 2.02 software package (Numerical Taxonomy
System, Exeter Software). ’
Statistical analysis:

?talislical analysis for MI, chr;)mosomal
nbf:rratmns and nucleic acids estimation was carried out
Es;:}gnﬁ&fmdem's "t" test according to Snmedecor and

o RESULTS
I- Mitotic Tndex (MI):
A_qalysis of the obtained results revealed that,
eutic dose of finadyne elicited a significant (p <
at_ld P < 0.001) decrease; 4.42 = 0.44 and 3.2 + 0.2
o e mean va!u.es £+ SE of the mitotic index when
amuscularly injected 1o rats for 7 days and 30 days

therap
0.05

‘significant genetic divers
. rats trcate'd with finadyne for 30 days com
those obtained from the control (Figure 3).

I LY B3 Bw -~ o~

respectively compared with the control group; 5.92 0.3

(Table 1). ) i |
2- Chromosomal aberrations:
The obtained results clearly demonstrate that, only

rats_given finadyne for prolonged period (30 days)

displayed significant increase (p < 0.01); 2.6 = 0'7? m -

the mean values of total chromosomal aberrations

compared with the control group; 0.1 * 0.1 and the

recorded structural aberrations were nng, gap

chromosomes and chromosomal deletion (Table 1 and
igure 1),

I:;-g“l::'zun)ntltatlm: estimafion of nucleic acids (DNA
and RNA): L

The results showed that, intramuscular injection
of finadyne; 2.5 mg /kg body weight daily for 30
successive days to rats evoked significant decrease; 6.01
+ 0.8 and 5.59 %+ 0.5 in DNA and RNA contents
respectively compared with the control while injection of
the same dose of the drug for 7 days elicited non-
significant changes in the contents of both nucleic acids
(DNA and RNA) (Table 2). -

4- Genetic identity and diversity analysis using
Random Amplified Polymorphic DNA (RAPD)
technique:

Random oligodeoxyribonucleotide primers were
used to generate PCR-amplified fragments, termed
Random Amplified Polymorphic DNA (RAPD) markers
from genomic DNA of each group (Table 3).

Analysis of the obtained results revealed that
seven primers ( 3, 4, 5, 8, 10, 12 and-13) of the 20
primers used in this study have produced different
polymorphic amplified bands while the others did not
(Figure 2). '

By using RAPD-PCR primers it was shown that
the numbers of produced polymorphic bands were found
to be variable among groups using different primers.

The total numbers of amplified polymorphic
fragments from all primers for each group are
summarized in Table (4).

From this table, we can observed that DNA
extracted from blood of rats injected with finadyne for
30 days showed the lowest numbers of polymorphic with
unique bands compared with the control.

The dendrogram based on the correlation matrix
between different groups according to their amplification
pattern after using random primers displayed high
s:ml!anty between amplified polymorphic bands of DNA
obtained from the control and those of DNA obtained
from rats treated with finadyne for 7 days. There was

ity between DNA obtained from
pared with
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Table (1): Effect of intramuscular admm:siranon of the finadyne at a dose rate; 2.5 mg /kg body weight orice dally for
different periods; B and C on the mitotic index and chromosomal aberrations in rats

Number of | Type of aberration Tnl(::'I ::'3; §° Mitotic Index (M.I)
Group e"ml:ed A ; Number | Number of '

me(:cl;h“c Deletion | Ring | Gap | No | % Mean £ SE | ofcells metaphase | Mean % SE

. counted cells
A 500 0 1 0 1| 02 0.1£0.1 5000 296 “5.92+03 |
B _ 500 1 2 0 |-3 0.6 0.36+0.11 5000 221 4.42 + 0.44"
L 500 1] 10 s 26 | 52 | 26+0.73** 5000 160 3.2£0.2%
A: control rats,

B: rats mn-amusmlarly injected with finadyne 2.5 mg /kg body weight once daily for 7 successive days

C: rats intramuscularly injected with finadyne 2.5 mg /kg body weight once daily for 30 days.
“p <0.05 **p <001 ##+p <0001

Table (2): DNA and RNA contents (mg/gm tissue) in rats intramuscularly injected with finadyne in a dose of 2.5 ngkg
body weight once daily for different periods B and C

Group DNA RNA
A - B.51£0.12 §+022 .
B 7.99+0.39 8.02+£045
C ‘ 6.01 £08* 5.59+0,5%*
A control ras

B rats intramuscularly injected with fi nadyne, 2. 5 mg /kg body weight once daily for 7 successive days.

C: rat intramuscularly injecfed with fimadyne; 2 5 mg Ag body weight once daily for 30 days
Apa()s *peOl

~ Table (3). Random primers used in this study and their sequences and lhc percemages of the G/C content of them -

Primer Sequence GC%
1 5-GTA GAC CCG T-3 60
2 5-GGA CCC TTA C3 &0
3 S-GTCGCCGIC A3 70
4 5- GGT CCC TGA C-A 70
3 S-TGG ACC GGT G3 70
6 | S-AGG GGT CIT G 70
y 5-TTC CCC CGC T-3 70
8 S-TTC CCC CCAG3 70
10 5-CAATCG CCG T-3 60
1 ' 5- AGU GAA CGA G-3 ‘ 60
1 5-TGC GCCCTIC-3 : 70
TS : - 3-TTC GCA CGG G-3 T
14/ ‘ S-GTGAGG CGTC-3 ) 0
18 . -§ : 3-CAA ACGTCG G-3 60
A ¢ - - - 5~GTGACGTAGG-3 60
a8 | : - 5CCACAGCAGT-3 60 - _
19 ) ' 3-TGA GCG GAC A-3 60
0 _ i 3 3. GTG AGG CGT C-3 70 |
1-. ble (¢: Total mgg pm)’nomﬂ treated DNA using all the _@ad primgr;

'  Total lanes polvmorphum - — C - G’;‘“” — R
Mnnumorghic banis 0 - 0 3 _4:
Poly morptuguuhom umqnt) 0 2 1
Unique bands . o 1 5 1 :

| Poly nmrphlc {with nm;Lc) I = S
Total numbers of baads _ "] 7 s LR

o ADNA from conrol. |, g ‘ ]
E B DNA &um Tats: ,ntmnumuari) lrjecta& wh!s ﬁmdvn:, ?..Smg’kg body wclght once daaly for 7;“::,55,“ days :
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DISCUSSION |

It has been well established lhrougb various
experimental and clinical studies that, there is a strong

_relationship Letween cyclooxygenase inhibitors and

DNA- damage and cell ' cycle amest" and this
relationship becomes strongly prominent with prolonged
administration of cyclooxygenase inhibitors!").

As a matter of fact, the obtained results fit in
neatly with the above mentioned concept . We recorded
significant decrease in the mitotic index in rats
intramuseularly injected with finadyne for 7 days and
highly significant inhibition in the mitotic index was
observed after prolonged administration of the drug (for
30 days).

Several studies supported our results and stated

that, non-steroidal ami-inl]ammatory drug as Sulindac
and its metabolites, such i

cycle arresR.wit.h reduc
of the cells™®

Numerous investigations

. have
NSAIDs exerted d

irect toxicity to the renal inner
duct cells (by evaluating the effects

stopping DNA replication. Then
cells in the S phase decreases®®®.

Possible  mechanisms that
antimitotic activity of cyclo-oxygenase i
the ability for damaging the DNA d
the cell cycle by blocking the of the mitotic
‘spindle in M-phase or by interfering with

7 DNA integrity
and thereby exhibits sirong anti-mitotic activity both in
vivo and in virro®®,

- In the same line, Claudinéia et a1 @9 stated that

the cytotoxic effect of NSAID in A. ‘nidulans diploid

~ cells might be explained by cell cycle delay or by a cell
death mechanism.

Another  school of  thought reported  that,
cyclooxygenase enzyme and its major final product,
PGE;, vrotect cells against apoptosis. In.fact, a possible
mechanism for enhanced apoptosis by cyclooxygenase
inhibitors may not likely to be related to

a reduction in
prostaglandins  but rather. 1o elevation of the

prostaglandin precursor Arachidonic Acid (AA), which
stimulates ceramide production, a strong mediator of

explained the
nhibitors include
uring the S-phase of

In the current work, it has been po'ihted out that,

finadyne exerted significant increase in the mean values -

: ions of various

of the total structural c._hromosomal.abcrranqns 0 .

types and significant suppression in the DNA and RNA
contents when administered to rats for 30 d?ys. o

* Admittedly, the formentioned findings could be

. tightly knotted together with the previous reports.

Bishop ‘et al."’ stated that increases in Sister

icylazosulfapyridine (SASP). therapy for up 10 2)
;a(\::{hl:zo and i]:nzrcascs in MN were observed lm the
peripheral blood erythrocytes of male and fema © mice
administered 675, 1350 or 2700 mg/kg SASP by gavage
for 90 days. Weak but significant dose-related increases
in MN were also observed in the bone marrow cells ¢ f
male mice administered 500, 1000 and 2000 mg/kg

ASP for 3 days. ' ] ) oo
’ Cast iny&he same mold, the genotoxic potentiality
of nimesulide, cyclooxygenase inhibitor, was evaluated
in vivo in murine bone marrow cells, The human
equivalent prophylactic dose of nimesulide (5 mg/kg
body wt/day) was given to animals orally, once daily fc‘-r
seven consecutive days. Metaphase chrornosom'e analysis
revealed the significant increase in the incidence of
chromosomal aberrations with preference to structural
over the numerical ones. It therefore suggested the
clastogenic effect of the nimesulide™"

In keeping with this line, it was found tha
paracetamol concentration of 200 microg/ml expresses
certain genotoxic effects evalyated by micronuoclens
cytokinesis-block assay, chromosome aberration
analysis, and nuclear division index. in human peripheral

blood lymphocytes'', - .

addition, Paracetamol 400 mgkg as
intraperitoneal administration in mice |

in chromosome aberrations such as Baps, chromatid
breaks, acentric fragments and Polyploid metaphases _

Y investigations recorded i

occurrence of DNA breaks

It seems essential
emphasize that

NA, mducingnthe
and cell cycle alterations™®. ‘
, from this Prospective, 1o
DNA damage leads to s;

of nuclestide-excision repair®”

The achieved results not o

Available point

|

.\

0 three proposed ,
OXygenase inhibitors- |
and mutagenicity ey

] nucleotide reductase; :
L?]zrense 0 cytosolic ang intranuclear Ca?* Jevels:

DNA damage afer glutathione depletiont®

: .CONCLUSION
could pe
administration

mechanisms of Possible cyclo
induced genotoxjcj |

- ibition of ribg
5. :

3-

ytogenetic influences.
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