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Toxic, Teratogenic and Cytogenetic Effects of the
Anticancer Drug, Gemcitabine, on Laboratory Mice

wadladf 3}

208 a1 i i el






b G| oo

List of Contents




List of Contents aibigeal! diki







5'&!

Dedication




Dedication

Soslall 20l Gl 2o




Sl el

Acknowledgements







(
(ST/Z.00/2007/06)



o | bl @ MAS

Arabic Summary




Arabic Summary e siad] diadibi dua Y

Dy, Dy Dg Deg /

SWR/J

(Do)

(Dy7)



(p<0.05)

(p<0.05)



(p<0.05)

/
(p<0.05)
I )
(p<0.01)
( )
/
(p<0.05)
( )



(p<0.05)

/
(p<0.05)
( )
( )
(p<0.05)



(p<0.01)



(p<0.05)

(p<0.05)

(p<0.05)



(p<0.05)

- (

(p<0.01)

(p<0.01)



(p<0.05)



Jodl Juaidl

0

Introduction




Introduction : &¢add) u 4

(Genotoxic effects)

. (Salmon and Apple, 1979)

. (Auer et al., 1997)

(Gemcitabine)

(Solid tumors)

. (Aydemir and Bilaloglu, 2003)



(Leukemia)
(Mosconi et al., 1997; Hernandez €t al., 2001; Robinson et al.,
2004; Raguse et al., 2005; Rosenberg et al., 2005; Koga and
Naito, 2006)

(Ng et al., 2001; Chandler et al., 2004; Yao et al., 2005;
Vernejoul et al., 2006).

(Eudaly et al., 1993; Aly et al., 2003; Aydemir and Bilaloglu,
2003).
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Review of Literature : dddbusd| ilelyad! = ¥

Teratogenesis and Teratogenic Agents

(Development)

(1991) Gilbert

. (Boue et al., 1985)

(Mikamo, 1970; Miller and Poland, 1970; Edmonds et al., 1982)



. (McKeown, 1976)

(Embryo) . (Teratology)

. (Teratogens) (Fetus)

. (DNA)



. (O'Rahilly and Muller, 1994)

(1941) Gregg

(Rubella)
(Cytomegalovirus)
(Toxoplasmosis) ( )
(HIV)
(Lethargy)

. (O'Rahilly and Muller, 1994)



(1962) Lenz (1961) McBride

(Thalidomide)

. (Lenz, 1962; Toms, 1962)

(1965) Nowack



. (Wilson, 1977)

( Phenyltoin Dilantin ) Diphenyl Hydantoin

. ( Hydantion )
Valporic acid Trimethadione

. (Hanson et al., 1976; Bjerkedal et al., 1982)

. (Jones and Smith, 1973) Fetal Alcohol syndrome, FAS



. (Clarren, 1986)

(Spina bifida)

. (Abel and Sokol, 1987)

. (Gilbert, 1991)

(Alkylating Agents)



. (Roberts, 1978)

(Antimetabolites)

. (Scott, 1977; Manson, 1981)

Stage Sensitivity :

The Period from Fertilization through Early Postimplantation



. (Spielmann et al., 1977; Kola et al., 1986)

The Period of Organogenesis : ( )

The Fetal Period :
(Cell Depletion)

. (Fetal Death)

Gemcitabine :

. (Eli Lilly and Company, 2003)

(Oncolytic agent)



(dCyd) Deoxycytidine

(Deoxyribose)

(Nucleotides)

(DNA)
(Eli Lilly and Company, 2003; Ostruszka and Shewach, 2003).

(Rothenberg et al., 1996; Gemcitabine USPDI, 1999; Colomer
et al., 2000; Ozols, 2000; Sanchez-Rovira et al., 2000; Eli Lilly
and Company, 2003).

. Gemzar, Gemcitabine-HCI :

2'-deoxy-2', 2'-diflurocytidine :

Eli Lilly and Company (Indianapolis, IN, USA)



HO HO
H F
HO H HO F
(Deoxycytidine) (Gemcitabine)

(Cell phase specificity)



G,/S

. (G/S-phase boundry)

(Gloves)

(Pro-drug)

(Pregnancy Category D)



(Ames test)

(Clastogenic)

. (Gemcitabine USPDI, 1999)

(Spermatogenesis)

. (Gemcitabine USPDI, 1999)

. (Mainly renal clearance)



(Rothenberg et al., 1996; Colomer €t al., 2000; Ozols,
2000; Sanchez-Rovira et al., 2000).

(Intravenous 30-min infusion)

( / )

( / )

( / ) !

( / )



The Metabolism, Mechanisms of action and self-potentiation
of Gemcitabine

()

(Nucleoside transporters, NTg)

Deoxycytidine Kinase (dCK)

Difluorodeoxycytidine monophosphate (dFdCMP)

dCK
dFdCDP (Rate-limiting step)
dFdCDP dFdCMP dFdCTP
dFdCDP (d) CMP Kinase
. Nucleoside diphosphate Kinase dFdCTP
Ribonucleotide reductase (RR) dFdCDP

(Ribonucleotides)



(DNA) (deoxyribonucleotides, dNTPg)

. dCTPg (dNTPy)

dCTPg dNTPg

(dCTP ) dFACTP

dCTPy

(Self-potentiation)

dFdCTPg



RNA
DNA v

DNA polymeras:h JFdCTP dCTP
nucleoside diphosphate KinaseT
ribonucleotide
dFdCDP dCDP < reductase CDP
A
(d) CMP Kinase
dFdCMP dCMP » JFdUMP
deaminase
dCK 5'-NT
/
Gemcitabine (dFdC) qu » dFdU
deaminase |

"* Thymidine phosphorylase

7 s
2 2 __ diF-deoxyribose-PO4 + Uracil

()

dFdCTP dFdCDP

3'- dFdCTP

(DNA polymerases)



. (Masked chain termination)

(Proof-reading exonucleases)

dCK

Ribonucleotide reductase

(Mechanistic characteristics)

( )

(Cyd) Cytidine deaminase

dFdU dCMP deaminase



dCK
( dFdCDP ) ribonucleotide reductase

dFdCTP

Cyd deaminase
dFdCMP dFdU

(5'-NT) 5'-nucleotidase

dCK
dFdCDP ribonucleotide reductase

dCK

( dFdCTPs dFdCDPy)
( dFdCTP )

dFdCDP



. Ribonucleotide reductase
(DNA fragmentation)

(Programmed Cell Death)

(Plunkett et al., 1989; Plunkett et al., 1995a; Plunkett et al.,
1995b; Ostruszka and Shewach, 2003; Miura and Izuta, 2004).

Gemcitabine and Apoptosis
(Apoptosis)

(Metamorphosis)

. (Embryonic morphogenesis)

. (Fesus et al., 1991)

(Huang and Plunkett, 1995a; Huang and Plunkett, 1995b;

Gruber et al., 1996; Tolis et al., 1999; Haberkorn €t al., 2001;
Verschuur et al., 2004; Merimsky €t al., 2005).



(Cytotoxic effect)

(dFdCTPs)

(Nucleosomes)

Side Effects of Gemcitabine :

. (Cell multiplication)



(

. (Aapro et al., 1998)



(Lethal event)

. (Aapro et al., 1998)

)
(
(Sex)
. (Eli Lilly and Company, 2003)
(Myelo-suppression)
(Thrombocytopenia) (Leukopenia)
(Anaemia)
. (Alopecia)

. (Aapro €t al., 1998)



(Green, 1996; Aapro et al., 1998; Eli Lilly and Company, 2003;
Blaise et al., 2005; Ferrari €t al., 2006).

(Fever) (Flu-like Symptoms)

. (Skin rash) (Mouth ulcers)

. (Eli Lilly and Company, 2003)



Developmental Toxicity of Gemcitabine

(1993) Eudaly et al.,

(Eli Lilly and Company, 2003)

/ '

(1994) Esumi et al.,

(1993) Eudaly et al.,

CD-I1



(Exencephaly) (Cleft palate)

Cytogenetic Effects of Gemcitabine

(Auer et al., 1997; Aly et al., 2003; Aydemir and Bilaloglu,
2003; Aydemir et al., 2005; Al-Yahya, 2005).

)

(In Vitro) ( Cytotoxicity and Genotoxicity

. (In Vivo)



;) (1997) Auer et al.,

(Chinese hamster V79 cells and Low-passage fibroblast cell,
LPFy).

(SCES) (CAs)

LPF V79

(dFdCTPy)

(2005) Aydemir et al.

(M.L)



(Replicative Index, R.1.)

(2003) Aydemir and Bilaloglu
/
(CAg test)

(Micronuleus test)

/ MCE PCE

(PCE/MCE) MCE PCE



(2003) Aly et al.

(Cisplatin)



(2005) Al-Yahya

)

SWR/J



. (Aydemir and Bilaloglu, 2003)

. (Aydemir and Bilaloglu, 2003)
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Experimental animals :
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. (ad libitum)

/

.(Al-Zahrany, 2006)

(Cervical dislocation)
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Ash
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£
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(Virgin)

(Do)

(Sterile normal saline)

(Ds)

( Ds )



( Dg)

(DIO)



(D)

(Ds¢)

(Dsg)

(Do)

(D12)



- ( )

(Intact)

(AC-1200D, Denver Instrument Company, U.S.A.)
(Dissecting Microscopy SZX9, Olympus, Japan)

. (Abnormal) (Normal)



(Clearance)

(McLeod, 1980)

. (KOH)

(Alizarin Red S)



. (FM2, Micro55, Nikon, Japan)

(Do)

(Ds)



(Ds¢)

( Dg)



( Do)

(D12)

(Ds)



(Dsg)

(Dio)

(Di2)



(Preston et al., 1987)

(Colchicine)






. (Preston et al., 1987; Al-Hawary, 1988)

(Femur)
(Acetabulum cavity)

(Tibia)

( o)

(Hypotonic solution)

. (27G)

()



° (Water bath)

(Sigma Laborzentrifugen, Germany)



(Slide warmer)

D.P.X.



()

Hypotonic Solution (0.075 M KCI) (Verma
and Babu, 1989)

(Potasium chloride)

(Distilled Water)

(Giemsa stain) ()

(Stock giemsa stain)

(

(Phosphate buffer)




pH = 6.8 ()
. (Drury and Wallington, 1976)

Potasium phosphate monobasic (KH,PO,)

Sodium phosphate dibasic (Na,HPO,)

(Distilled water)

Chromosome Analysis :

( X ) (Axioskop, Zeiss, Germany)

(X )

(X )

(Matsuoka et al., 1979; Preston et al., 1987; Al-Hawary, 1988)



. Chromatid Gaps (G)
. Isochromatid Gaps (1G)
. Chromatid Breaks (B)
. Isochromatid Breaks (IB)
. Fragments (F)
. Ring Chromosomes (RC)
. Deletion (D)
. Pulverized Chromosomes (PC)
. End to End association (EE)

. Centric Fusion (CF)

. Centromeric Attenuation (CA)

(Gap)

. (Matsuoka et al., 1979)

(Mitotic Index)



Statistical Analysis :
(Resorption)

X
2x2 Contingency table (X°)

(t-tests) - ( )

. (Sokal and Rohlf, 1981)
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Discussion : dsidbid] =0

(Cytotoxic)
(Cytostatic)
(Embryopathy)
. (Duke , 1975)
Dimethylthriazene

Diethylthriazene

.(Druckrey , 1973)



. (Connors et al., 1974)



. (S )

. (Dose schedule)



(

. (Chaube and Murphy , 1968)

. dFdCTP

(ANTPs)
dFdCDP

NTPs Ribonucleotide reductase

dNTPs



(Plunkett et al., 1989; Plunkett et al., 1995a; Obata et al., 2003;
Ostruszka and Shewach , 2003; Miura and Izuta , 2004).

. (Eudaly et al., 1993 ; Esumi et al., 1994)

(Huang and Plunkett , 1995a,b ; Tolis et al., 1999 ; Nabhan et
al., 2002 ; Merimsky et al., 2005).



. (Glinsukon et al., 1998)

(1993) Eudaly et al
/ ,

CD-I



(Porter and Singh, 1988; Al-Enazy and Abou-Tarboush, 2001;
Al-Etaby et al., 2003; Abou-Tarboush and El-Ashmaoui, 2004;
Al-Zahrany, 2006).



(Parameters) / ,

(Duke, 1975; Webster and Messerle, 1980; Porter and Singh,
1988; Peiffer et al., 1991; Al-Enazy, 2001).

(Chaube et al., 1967; Slott and Hales, 1986; Chen €t al., 1994).
. (Ujhazy et al., 1993)



(dFdCTP , dFdCDP)

) /

(Duke, 1975; Webster and Messerle, 1980; Al-Enazy, 2001; Al-
Zahrany, 2006).

. (Manson , 1981)



. (Fritz and Hess, 1971)

(Fritz and Hess, 1971; Singh, 1971; Manson, 1981; Mirkes,
1985).

(1980) Webster and Messerle

/

(Degenerative changes)



(S

. (1968) Chaube and Murphy



(Chaube €t al., 1967; Ito, 1967; Tanimura, 1968; Singh, 1971;
Kochhar, 1973; Webster and Messerle, 1980; Mirkes, 1985; Al-
Enazy, 2001).

(Singh, 1971; Mirkes, 1985)



. (Fritz and Hess, 1971; Manson, 1981)



(Ito, 1967; Tanimura, 1968; Porter and Singh, 1988; Al-Enazy,
2001).

. (Eudaly et al., 1993)

(Anterior neuropore)



I

. (Ritter , 1977)



(Goff, 1962; Kochhar, 1973; Summorbell et al., 1973)

(O'Rahilly and Gardner, 1975; Scott et al., 1975).



(Apical ectodermal ridge , AER)



. (Kochhar , 1977 ; Alles and Sulik , 1989)

(Micromelia)
(Polydactyly) / (Amelia) /
/ (Ectrodactyly) /
(Syndactyly) / (Macrodactyly)
/

(Truncated limbs)
/ AER
(Fibroblast growth factors , FGFs)

AER



. (Mortlock et al., 1996)

(Meromelia)

(Progressive zone, PZ)

. (Poswillo , 1975)

(Pollarizing region, PR)

(Anterioposterior patterning)

(Pre-axial)



. (Post-axial)

talpid
. (Hinchliffe and Ede, 1967) AER
. (Francis—West et al., 1995)
( ) AER
(Scott et al., 1975)
Ara-C

(Preaxially)



. AER

(1975)

(Synostosis)

(Shaping)

Chonorogenesis (Retinoic acid)



"Limb deformity " . (Kochhar , 1977)

(Patchy) AER

. (Zelleretal., 1989)

Janus Green

AER

. (Hurle and Ganan , 1986)



(Storm et al., 1994; Erlebacher et al., 1995).
(Transforming g.f.) TGF-B

/ (Bone morphogenetic proteins) BMPs
Gdf-5 "Brachypodium"
/



. (Alles and Sulik , 1989)



. (Scott , 1977)



(Tanimura, 1968; Porter and Singh, 1988; Eudaly et al., 1993;
Al-Enazy, 2001; Al-Zahrany, 2006).



. (Eudaly et al., 1993; Al-Enazy, 2001; Al-Zahrany, 2006)



(1993) Eudaly et al.,

. ( Starlle amplitude )
(1979) Rodier et al.,

5-azacytidine / ,






. (Al-Enazy , 2001 ; Al-Zahrany , 2006)



(Chromatid-type)

(S-phase)

G//S
(MI)
/ 1 1

(Edelweiss et al., 1995; Eli Lilly and Company, 2003).






(Auer et al.,1997; Aly et al., 2003; Aydemir and Bilaloglu,
2003; Aydemir et al., 2005; Al-Yahya , 2005).

(2003) Aydemir and Bilaloglu

(NCEs) (PCEs)

(PCE/NCE)



(1995a) Huang and Plunkett

S

(2003) Aydemir and Bilaloglu

dCTP (ANTPs)

. Ribonucleotide reductase

(1995) Cox and Lane

( ) (p33)



(Biological repair)
(Excision repair and recombinant events)
. (Plooy et al., 1985)

(1984) Brendel and Ruhland

(1976) Matter

(1981) Sram et al., : /



Interphase death :

Division delay :



pS3

(Mitotic overshoot)

(Reproductive failure)



(McCulloch and Till, 1962; Sinclair, 1968).

(Neutropenia)

. (Durodola , 1979 ; Committee on Drugs , 1994)
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The present Research Project was conducted to examine
the toxic, teratogenic and growth suppressing effects of
gemcitabine on embryos obtained from treated female mice. The
females were treated intra peritoneally with the drug at the dose
levels of 0.625, 1.25 or 2.5 mg/kg body weight on days 6, 8, 10
or 12 of gestation. The project also aimed to follow up offspring
of the treated mothers during the period extending from
parturition up to six weeks of age. The follow up included body
weight, toxicity, teratogenicity, growth suppressing effect and
mortality rate. Moreover, it was planned to investigate the
cytogenetical effects of the dose levels 0.625, 1.25 or 2.5 mg/kg

on female mice after 12, 24 and 48 h from exposure.

In the present Research Project, mature laboratory SWR/J
mice aging 8-10 weeks and weighing 25.61-27.49 g were used.
The mated animals were closely observed and the females were
daily inspected for the presence of vaginal plugs and the date of
plug detection was considered the zero date (D) of gestation.
Fetuses were examined on day 17 of pregnancy, and offspring
were also examined at parturition and thereafter at weekly

intervals up to 6 weeks of age.

The obtained results could be summarized as follow :



The treated dams :

There was a significant decrease (p<0.05) in the mean
body weight gain of the treated females (dams) on day 17
of their gestation when they were treated on days 6, 8, 10
or 12 of pregnancy at 1.25, 2.5 (once) or 2.5 (twice) mg/kg

of the drug used as compared with the control group.

There was a significant decrease (p<0.05) in the mean
body weight gain of the treated females on days 10, 12 and
14 of their gestation when they were treated on day 6 of
pregnancy at 1.25, 2.5 (once) or 2.5 (twice) mg/kg used as

compared with the control group.

There was a significant decrease (p<0.05) in the mean
body weight gain of the treated females on days 12 and 14
of their gestation when they were treated on days 8 or 10
of pregnancy at 1.25 or 2.5 (twice) mg/kg used as

compared with the control group.

There was a significant increase (p<0.05) in the percentage
of abortion of treated females when they were treated on
day 6 of their pregnancy at 1.25 mg/kg used as compared

with the control group.

There was a highly significant increase (p<0.01) in the

percentage of abortion of treated females when they were



treated on days 8 or 10 of their pregnancy at 2.5 (twice)

mg/kg used as compared with the control group.

There was a significant increase (p<0.05) 1in the
percentages of complete resorption in treated females
when they were treated on day 6 of their pregnancy at 1.25,
2.5 (once) or 2.5 (twice) ; on day 8 at 2.5 (once) ; and on
day 10 at 1.25 mg/kg used as compared with the control

group.

Embryos and fetuses :

The mean number of live fetuses on day 17 of gestation
was significantly decreased (p<0.05) when the dams were
treated on days 6, 8 or 10 of their pregnancy at 1.25, 2.5
(once) or 2.5 (twice); and on day 12 of gestation at 2.5

(twice) mg/kg used as compared with the control group.

The percentage of dead embryos and fetuses on day 17 of
gestation was significantly increased (p<0.05) when the
dams were treated on day 6 of their pregnancy at 0.625; on
days 6, 8, 10 or 12 at 1.25 or 2.5 (twice); and on days 6, 8
or 10 of gestation at 2.5 (once) mg/kg used as compared

with the control group.

The mean live fetal body weight on day 17 of gestation
was significantly decreased (p<0.05) when the dams were

treated on day 12 of their pregnancy at 2.5 (twice); and on



day 10 at 2.5 (once) mg/kg used compared to the control
group.

The percentage of various types of congenital
malformations induced by the drug in live fetuses when
the dams were treated on days 6 or 8 of their pregnancy
was 1.91-20.59 as compared with 15.69-68.81 when the
dams were treated on day 10 or 12 of their pregnancy at all

dose levels used.

The embryonic death was more occurrence than
malformations when the drug was administrated on days 6
or 8. However, the malformations were more occurrence
than embryonic death when the drug was administrated on

days 10 or 12 of pregnancy at all dose levels used.

Pups :

The mean number of live pups at birth was highly
significantly decreased (p<0.01) when the dams were
treated on day 6 of their pregnancy at 1.25 or 2.5 (once);
and day 8 at 1.25 mg/kg used as compared with the control

group.

The total percentage of pups' mortality at the end of their
lives was highly significantly increased (p<0.01) when the

dams were treated on day 6 of their pregnancy at 0.625 or



2.5 (once); and on day 10 at 2.5 mg/kg used compared to

the control group.

No live pups were recorded when the dams were treated on
day 10 of their pregnancy at 1.25; and on days 6, 8 or 10 at
2.5 (twice) mg/kg used as compared with the control
group. However, those live pups obtained when the dams
were treated on day 12 at 2.5 (twice) mg/kg were died on

the following day.

The mean live pups' body weight at the end of each week
of the six weeks examined was significantly decreased
(p<0.05) when the dams were treated on day 6 of their
pregnancy at 0.625 mg/kg used as compared with the

control group.

The mean live pups' body weight at the end of their 3- 6"

weeks was significantly decreased (p<<0.05) when the dams
were treated on days 6 or 8 of their pregnancy at 2.5 (once)

mg/kg used as compared with the control group.

The mean live pups' body weight at birth was significantly
decreased (p<0.05) when the dams were treated on day 10
of their pregnancy at 0.625; and on day 12 at 1.25 mg/kg

as compared with the control group.

The mean live pups' body weight at the end of their pnd_gth

weeks was significantly decreased (p<<0.05) when the dams



were treated on days 10 or 12 of pregnancy at 2.5 (once)

mg/kg used compared to the control group.

Some malformed live pups were obtained from dams
treated on day 10 of their pregnancy at 0.625 or 2.5 (once);
and on day 12 at 1.25, 2.5 (once) or 2.5 (twice) mg/kg

used.

The cytogenetical effects :

There was a significant decrease (p<0.05) in the
percentage of mitotic index in bone marrow cells at 1.25
and 2.5 mg/kg used after 12, 24 and 48 h of the treatments

as compared with the control group.

There was a highly significant increase (p<0.01) in the
percentage of the total structurally abnormal bone marrow
cells and in the percentage of the total of structurally
chromosomal abnormalities with or without gaps at 0.625
or 1.25 mg/kg used after 14 h of the treatment only as

compared with control group.

The percentage of numerically chromosomal abnormalities
in the bone marrow cells was only significantly increased
(p<0.05) at 2.5 mg/kg after 24 h of the treatment as

compared with the control group.

The chromosomal abnormalities obtained were of the

chromatid type and they mainly included gaps, fragments,



centromeric attenuations, centric fusions, end-to-end

association and pulverized chromosomes.

From the present Research Project results and the
results of some documented studies, we recommend the

following :

A cytogenetical study on embryos, fetuses or newborn
pups aimed to find the possible relationship between the
cytogenetical effects of the drug and its cytotoxic,

genotoxic and teratogenic effects.

Histological, histochemical and biochemical studies to
investigate the reason (s) behind the death of some of the
pups that obtained from gemcitabine-treated pregnant

females.

A real and serious research aims to find an alternative way
that does not include cytotoxic drugs in the treatment of

cancer is highly recommended..



