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Chapter Four

Discussion

4.1- Detection of the estrous cycle in the white a® female:

Puberty is the culmination of the physiological amehavioral changes
associated with the maturation of the mouse remtdRl system
(Whittingham and Wood, 1983). Mouse female matarais characterized by
commence of the estrous cycle and ovulation. Wisereaouse male
maturation is characterized by full spermatogewgitvdy and attaining their
secretions from the accessory glands.

Smith and Engle (1975) had reported that, the ongehouse female
puberty occurs from about four weeks onward coegigith the rising in the
levels of gonadotropins regulated by the hormonatretions of the
hypothalamus. So that, female estrous cycle wasradgmt upon a complex
integration of pituitary, ovarian and adrenal hona® under the control of the
hypothalamus (Richards, 1994). While the hormoraitm| of the male
spermatogenesis was dependent upon the testostammiiegen together with
the luteinzing hormone (LH) (Bellvet al.,1977).

Several reports indicated that, there was a coreddtke amount of inter-
strain variability in the age of puberty in bothlesaand females (Last al.,
1970 and Kraruget al., 1969). However, in laboratory animals, mating was
limited during estrous, and Hafez (1987) demonstrdhat, the duration of
estrous was species — dependent and varied sliffothy one female to
another within the same species, which was alsotthéh in respect to the
time of ovulation.

The length of estrous and the time of ovulatioro alaried in relation to

internal and external factors (Hafez, 1987).
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One of the first signs of the onset t of mouse femaberty is the opening
of the vagina which is found to occur as earlyZ @ays of age in C57BL /
6J (Whittingham and Wood, 1983). While, the firstreus was found to
occur until sometime afterward (between 2 and 1gsdan other strains
(Donovan, 1994). Relative studies showed that, gyloecurred slightly later
in mouse male (up to 2 weeks old), and the presehedult males together
with the immature males retarded their sexual nitgt(Bellve et al.,1977).

On the other hand, other experiments showed tlna, exposure of
immature females to the urine of adult males hastgruberty. Whereas, their
exposure to the urine of adult females retardeckpulfPeter®t al.,1973).

Other environmental influences implicated in thesetnof puberty where,
the day length, temperature, size and sex ratithefitters from which the
females and males were originating (Whittingham fabd, 1983).

Thereupon, the experimental mice useoutfhout this work were
selected at the age of eight weeks old and thisideration of age was
relayed on the interaction of the previously memdid external stimuli
together with the interstrain variations mentioeadier.

Thereafter, attempts were made through this res¢annvestigate the
estrous cycle of the experimental females.

The cyclic events occurring in the mouse femalerpweas found to be
correlated with the anatomical changes in the dyctive tract of the mature,
nonpregnant females were reflected by the cellatartent of the vaginal
smears (Whittingham and Wood, 1983). Accordindig éstrous of the mice
females used in this work was divided into a seqaesf four phases which
nameably were (proestrus, estrus, metestrus arstiubg each phase being
distinguished by changes in the cell contents efvidiginal smears.

Essentially, the proestrus phase was ioaliing in the ovulation-

constitute of the ovarian cycle follicular phasedaeports showed that, the
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leutinizing hormone (LH) surge occurred during plneestrus phase when the
uterus become distended with the intraluminal 8uidsoldmaret al.,1973).

Therefore, the proestrus phase identified in thesademale of this study,
(figure 3.1a) showed the accumulation of differigpes of cells (White blood
cells, nucleated epithelial cells and large coedifenucleated epithelial cells).

Dean (1982) had reported that, ovulation in the sedemale was found to
occur (12 hours) after the surge of (LH) when thendle vagina became
cornified and one — fresh - ova cell was foundhi@ oviducts at the first day
of the estrus phase. Figure (3.1b) showed a vagima&ar taken from the
females of this work at their estrus phase recaghlzy the accumulation of
large cornified enucleated epithelial cells only.

Richards (1994) had demonstrated that, in the a@eseh coitus, mouse
females enter the metestrus phase followed by ikstrds phase where both
phases were constituting the luteal event of tlodecy

An accumulation of red blood cells was noticed he tvaginal smears
made at these phases (Hafez, 1987), which weesllist figures (3.1c and
3.1d) obtained from examining the females of thmrky However, it was
reported by Smith and Engle (1975) that, with egroand progesterone
levels low, the FSH and LH secretions was increas®tl the estrous cycle
was repeated.

It was possible through this work to expect thtite estrous cycle of the
experimental females occur at intervals of (4-6¥day

Other studies revealed variability in the cyclegdgmand divided the cyclic
events into six phases (proestrus, early estrugjsgdate estrus, met estrus
and diestrus) (Whittingham an@ood, 1983; Hafez, 1987).

Peters and his colleges (1973) had reported thawales were receptive to
the males during the behavioral estrus only, antingiavas found to occur

during the dark period around the ovulation timehergfore, the

AR



Chapter Four Discussion

determination of the estrus cycle events descrdsetier was necessary for
the initiation of mating colonies.

On the other hand, the establishment of matingniesowas considered
first to obtain embryos used for the initiationtbe fibroblast cell cultures,
and second, in the designation of the breedingaggexperiments.

The number of successful mating was scored afeerdétection of the
copulatory plugs retained in the mated femalesnagDn the other hand,
Whittingham and Wood (1983) had reported that,eh@sgs could remain in
the vagina for (24 hours) after the successful mgaéind wereconsisting of
secretions of the prostate, seminal vesicles aackisens of the coagulatory

glands of the mated male.
4 .2- Initiation of the fibroblast AME11D1/2 cell cuture:

Mammalian cell cultures were widely used throughgertetic studies, and

they were found to play a key role by permitting threct observation of the
cells in question (Kruse and Peterson, 1973).

Doyle et al., (1990) had shown that, cultures derived from emiicy
tissues survived and proliferated better than thosléures derived from
adults. This was due to the lower level of speraion and the higher
proliferative potential of the embryonic cells. tims respect, Davis (1994)
showed that, embryonic primary cell cultures cohkl obtained either by
allowing cells to migrate out of fragments of tiestie adhering to a suitable
substrate or by disaggregating the tissue mecalnior enzymatically to
produce a suspension of cells.

Freshney (1994) presented a procedure for preparintary cell cultures
from whole disaggregated embryos and showed thapndryo age of around
13 days was the optical age for obtaining cultufidserefore, the explants
technique used in this work for the initiation bétfibroblast cultures relayed
on the use of embryos at different ages of (9, 1L.5-and 13) days old.
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A comparition was made in the morphology and grovéte was made
between the cultures obtained from the disagregatib the embryos at
different ages.

In this study, embryos were disaggregated by wagpsin which was
used by many preliminary studies for the disagiegabf various tissues
since this enzyme was well tolerated by many cealfégctive for many
tissues, give the most complete disagregation laadigher cell yields due to
the sensitivity of the interacting glycopeptideattinediate cells in the tissue
(Doyle, 1990; Davis, 1994; Freshney, 1994).

Earlier studies showed that, it was essential fostnmormal primary cell
cultures to be attached to a flat surface in otdegrow and proliferate with
maximum efficiency (Sharp, 1977; Federb and Tolbert, 1983).

Therefore, disaggregated cells were cultivated?l ¢n) tissue culture
flasks supplemented with the cultivation medium.

Although cell cultures were obtained from embryassected at different
ages, they were subjected to the same cultivatarditons of medium,
incubation time and temperature.

Result obtained in this study showed that, thegiesgation of embryos at
an age of (9-10) days old produced mixed primahlyatdtures. Although the
ninth day old embryos contained the largest propordf mesenchyme from
which most of the fibroblastic cell cultures wemiged; but most individual
organs begin to form at the ninth day of gestasiod they were difficult to be
isolated until the eleventh day of gestation . €fae, the large proportion of
mesenchyme obtained from the disagregation of & ddg embryos were
gathered with another proportion of unwanted tisstleat led to the
proliferation of mixed cultures (Freshney, 1994hil&, embryos dissected at
(11-11.5) days old produced uniform, fibroblasttl cultures that last viable
for (6-7) passages due to the successful removaleafinwanted tissues such

as (head, hands, legs and tail).
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On the other hand, dissection of the unwanted argas easier at the (13
days) old embryos; but the proportion of the mebgme was less than
that in the previously mentioned embryos ( Fnegh1994).

Therefore, cell cultures obtained at this age wébroblastic in
morphology; but they did not last more than (5-&yslin culture.

Accordingly, it was possible to consider the (1¥gJald embryos as the
optimum age for obtaining successful fibroblast celtures.

Sharp (1977) demonstrated that, the terms "fibsildaand "epithelial”
were loosely used in tissue culture to describe ajppearance rather than the
origin of cell. Thus, a bipolar or multipolar angulor spindle shaped cells,
the length of which was usually twice or more itsdtv was called
(fibroblastic).

However, the observation of cultures morphology wees simplest and
most direct technique used to identify cells by ynavorkers (Feder and
Tolbert, 1983; Doyle, 1990; Masters, 2000), with certain recognized short
coming related to the plasticity of the cells mailagy in response to
different cultural conditions (Gospodarowiez al., 1978). It was found by
Coon and Cohn (1966) that, alterations in the satestand the incubation
time could affect the cellular morphology.

In this study, cell cultures examined after fiveyslaf incubation gave the
appearance of cells growing at patches.

While, cell cultures examined after seven days mmubation showed
uniform monolayer appearance (Figures 3.2 and 3.3).

However, since the identity of the obtained celltumes wasn’t further
confirmed by DNA or protein profiles as it was regoended by Freshney
(1994), the term fibroblast — like AME11D1/2 celulure was used to
describe the cell cultures obtained through thoskw

Moreover, the determination of the growth rate bé tfibroblast-like

AME11D1/2 cell cultures was necessary for the design of routine
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subculture and for the quantification of the cellufesponse to different
external stimuli on the culture growth and morplgglo

Therefore, fibroblast — like AME11D1/2 cell cultgrevere seeded at a cell
density of (16 cell/ml); Since Masters (2000) had showed that fibroblast
cell cultures grew with a relatively uniform poptidan of proliferating cells at
a low cell density of (10cell / ml) .

However, the fibroblast-like AME11D1/2 cell cultsréhad showed a
characteristic growth pattern of (lag, log andistary phases) when they
were cultivated on RPMI1640 medium as follows:

1. In the lag phase, there was no increase in the euwofbseeded cells
due to the period of adaptation reflected by themgng cells where
cells replaced elements lost during trypsinizatpyocedure and the
cells were starting their attachment to the substamd synthesis of
new DNA was followed as it was noticed by other kevs (Foley and
Aftonomos, 1973; Folkman and Moscona, 1978). Then, a period of an
exponential increase in the cell number was folidwdirabelli et al.,
(1985) had reported that, the length of the logsphaas dependent on
the cell type and the seeding density .

2. Towards the end of the log phase that contineolsedseven days (at
about the eighth day of incubation), the fibrobldss AME11D1/2
cell cultures reached their maximum counts and tmecoconfluent so
that, all the available growth area was occupied @lls became in
contact with each other.

This stage of growth was called the plateau orstagonary phase where
cells became less maotile in a phenomenon callec "Gdntact inhibition"
(Albertset al.,1989).

It has been realized by Folkman and Moscona (18i) the reduction of
the normal cells growth after confluence was nde¢lgadue to contact with

each other , but may also being involved in theletegm of nutrients and
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growth factors in the medium. Thus, the term “digniemitation” was also
used to describe the motility cessation and redgcedth rate.

Therefore, a periodic medium change or subcultuwege always carried
out during the growth of the fibroblast-like AME11I2 cell cultures for the

maintenance of the viability of the cell culturese they were established.

4.2.1- Effect of different media on the growth ofhe fibroblast -

like cell culture and the plasmacytoma SU99 cell dwre:-

The composition and properties of the culture mediwere the most
crucial factors studied by many workers for acmevithe successful
cultivation of cellan vitro (Morton, 1970; Gospodarowicz et al.,1978; Sharp,
1977). However, the choice of medium is still ofesmpirical; So that, the
selection of the medium depended on what was ugedher workers for the
same cells or on the currently used medium foredifit cells (Masters,
2000).Two types of cell cultures were used in thitady (normal and
transformed), in order to investigate the effectddferent media on the
seeding efficiency and cell morphology. Basicaltylture medium had to
fulfill the essential requirements of nutrients de@ by the cell culture to
growin vitro (Freshney, 1994).

Three types of defined media were used variedeir tomplexity from —
simple Eagle’s minimal essential medium which cord the essential
amino acids, vitamins and salts (Eagle’'s, 1959)atach — RPMI 1640
medium with a wide range of amino acids and othgpkments (Morton,

1970), with a complex medium 199 (Morgeinal.,1950).
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Although it was recommended by many investigatarsuse Eagle’'s
minimal essential medium for the growth of fibratilaell lines (Dulbecco
andElkington, 1978; McKeeharet al.,1981; Roberét al.,1982).

It was found through this work that, the fibroblasike cell cultures
showed a demanding manner of growth reflected byctidculated seeding
efficiency. Therefore, cell cultures scored a higbeeding efficiency when
they were grown on the rich — RPMI 1640 medium.

Thus, it was possible to suggest that, the indidtbroblast — like cell
culture required enrichment conditions to grow \ishigas possibly met by
PRIM 1640 medium judged by the calculated seedifigjency.

Similar observations were recorded by Gospodaroamx his colleagues
(1978) that alterations in the substrate constiti@f the culture medium
could affect cell growth.

However, fibroblast — like cell cultures cultivatesh Eagle’s minimal
essential medium and RPMI 1640 medium showed typidaoblastic
morphology.

Moreover the difference in the seeding efficiencetween the two
culture media was probably due to the followingsmaes:-

1. The glucose concentration was higher in RPMI 164@liom (2g/L)

compared to (0.1 mg /L) in Eagle’s minimal essanti

2. RPMI 1640 medium contained (13) essential aminodsacwith

additional (20) non essential amino acids. Wherg&asjle’s minimal
essential medium contained the (13) essential anaicids only.
Moreover, L-glutamine was required by most cellsdnergy and as a
carbon source (Morton, 1970). The concentratiorthef amino acid
was (0.3 g/L) in RPMI 1640 medium compared to (@©A3 in Eagle’s

minimal essential medium.
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3. The pH of RPMI 1640 medium was maintained at (7.24) by the
double buffering system composed of (Sodium bicaat® NaHCO3)
and N-2-hydroxethyl piperazine — N -2- ethanesuflptoacid
(HEPES), whereas, the pH of Eagle’s minimal esaémtedium was
maintained near neutrality by sodium bicarbonatg.on

The advantage of this double buffering system \mas, under low CO2
concentration, the pH of medium was maintained oynéeraction between
NaHCO and HEPES. While, at high CGQroncentrations, HEPES works
alone to maintain the pH (Masters, 2000).

On the other hand, transformed plasmacytoma SUR@&ures showed
almost the same seeding efficiency values whenrerg cultivated on both,
RPMI 1640 medium and Eagle’s minimal essential oedin addition to the
typical plasmacytoma morphology.

However, the results reflected by the growth oksplacytoma SU99 cell
cultures on both media showed that, the growth shteese malignant cells
wasn’'t affected by the alterations of the substratastitution of the
cultivation media probably because plasmacytoma Suells were
transformed cells processing their characteristiestioned by (Sharp, 1977
and Masters, 2000), which were low serum requiréspandependence of
growth factors, high plating efficiency, anchoragdependence and growth
on confluence monolayer with reduced density littotaof growth.

On the other hand, complex — medium 199 did nopstighe growth of both
cell cultures (fibroblast — like and plasmacytomd98) probably due to the
very low concentration of folic acid (10 Mg / L) érthe low efficient

buffering capacity that was dependent on the bntalens of calcium and
Magnesium only.

However, medium 199 was recommended by Michler wké&tand
Bottenstein (1982) as a selective medium with fetaline serum (FBS) for

the growth of "Endothelium® cell cultures, and iasvused through this work
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as a negative control in contrary to Eagle’s madiessential medium that
was recommended by many workers as a selectiveumeidir the growth of
chick embryo, mouse embryo and human fibroblastmg¢taniniedest al.,
1987 and Freshney, 1994).

4.2.2- In vitro effect of 5-azacytidine on the fiboblast-like and

plasmacytoma SU99 cell cultures:

Animal cell culture systems had always played apartant role in programs
involved pre- clinical screening of vast numbersloémicals for specific and
non- specific cytotoxic agents, especially in tieédf of cancer chemotherapy
where the potential value of such systems for oyiotty and viability testing
for drug devépment was widely accepted (Freshney, 1978; Masters, 2000).
However, the choice of the assay was dependeriteoagent under the study,
the nature of the response, and the particularetacgll (Masters, 2000).
Therefore, In this study cytotoxicity assays weaeried out using two types
of assays (short — term viability and long termvaral assays).

Freshney (1978) used the short — term viabilityapsto measure the
proportion of viable cells following the additioh @ potential drug.

The results obtained in this work showed a cytatoaifect of different
concentrations of 5 — azacytidine on the viabildly both cell cultures
(fibroblast — like and plasmacytoma SU99) expressgdralues of optical
density measured by ELISA — reader. While, the tshtarm viability assay
was convenient, quick and usually easy to perfatrhas two dark backs:
first, this assay revealed the number of dead amfly and second, an
overestimation of viability might be expected daeatterations in membrane
permeability (break down in membrane integrity omerturbation of a
particular metabolic pathway), which make cellsnpegible to uptake the dye
other than being affected by the drug (Fresheteal, 1975 and Davis, 1994).
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Fry and Bridges (1979) suggested that, when ceksewsubjected to
antineoplastic drugs, they might show the toxiee$ several hours or days
later.

Accordingly, long — term survival assay wased to demonstrate the
proliferative capacity of cells after, rather thaluring the exposure to the
drug measured in terms of plating efficiency.

It was noticed through this work that, the platiefficiency values of the
fibroblast — like cell cultures was falling at heghconcentration of 5 —
azacytidine and they were more sensitive than @dagtoma SU99 cell
cultures to the cytotoxic effect exerted by 5-atzi@oye which was might be
due to the immortal character expressed by plasimaay cells in being
transformed cells with modified extra-cellular nmatrand altered cell
membrane properties (Holliday, 1986).

Constaniniedes (1977) demonstrated the formatiorfunttional striated
muscle cells from non-muscle transformed fibrolitaptecursors following
exposure to 5- azacytidine.

Relatively, three new mesenchymal phenaypere reported by Taylor
and Jones (1979) were expressed by cultures of) @18 (C3H/10T1/2CL8)
mouse fibroblast cell lines after treatment withaZacytidine. These
phenotypes were characterized as contractile musells, biochemically
differentiated adipocytes, and chondrocytes capablthe biosynthesis of
cartilage — specific proteins.

However, in this study, treatment of the fidest — like cells showed other
results so that it was noticed that, although,ttneat with 5- azacytidine
initially inhibited the growth of cells, howbeit;;aemory of the treatment was
retained in the fibroblast — like cell cultures tilsarrvived the treatment. In
other words, the sub- inhibitory concentration edZacytidine had affected
the phenotype of fibroblast — like cell cultureacs cells appeared single

with different sizes other than uniform monolayer.
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However, the effect of 5- azacytidine on theempdtype of these cell
cultures was different than those results mentidne@onstaniniedes (1977)
or from the results declared by Holliday (1986) whad demonstrated that,
treatment with 5-azacytidine had no effect on theenotype of the
transformed human fibroblast cell line.

On the other hand, Tamarin (1996) had adetrated that, the
development of specialized cells from multipotenvgenitors which were
distinct from the cells of the previous generatstructurally and functionally
was the result of a complicated array of event®lved the activation and
maintenance of new gene expression and silencinthefin appropriate
genes. Thus, the new cellular phenotypes expressad the result of
interplay between the information encoded in theogee and the external
stimuli affecting gene expression (Russoal., 1999 and Twyman, 2001).
However, genes that define lineage — and diffeaéion of the cells in tissues
were regulated by tissue — specific and temporagulated factors
(Freshney, 1985).The accessibility of these reguydtctors to the genes was
dependent on the architecture of chromatin whicls \aéfected by two
mechanisms: chromatin remolding by the acetyltienaskes (Jonest al,
1983) and the methylation of cytosine (Mag¢ial.,2003).

Therefore, the incorporation of 5- azacytidinelte hewly synthesized DNA
of the transformed (3T3 or C3H/10T1/2CL8) cell elen prevented the
methylation of DNA and the maternal pattern of npittion was lost leading
to the expression of multiple new phenotypes (Caometedeset al., 1977;

Joneset al, 1983 and Stoppeet al., 1992).While, the effect of the sub
inhibitory concentration of 5- azacytidine wasfeiént on the treated

fibroblast — like cell cultures probably due te flollowing reasons: -

1. Treatment of the fibroblast — like cell culture k- azacytidine was at

their (8") passage since they were normal cells with a€filife span.
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While, the (3T3 and C3H/10T1/CL8) cell lines weranisformed cells
with infinite life span and they were treated atitt{23") passage.

2. Since the fibroblast-like cell cultures were frgshdxplanted from
mouse embryos, their 5-methylcytosince level wasuab(3.8%)
according to (Wilson and Jones, 1983) where alltidsie — specific
genes were heavily methylated (Razin and Ceda3)199

Whereas, the (3T3 or C3H/10T1/CL8) cell lines welenes of
immortal cells with a 5- methyl cytosine content aifout (1.04 %)
according to the same reference.

Therefore, treatment of the transformed cell limeth 5- methyl
cytosine led to extensive under — methylationtod genes compared to
the fibroblast- like cell cultures where only sudstal
hypomethylationp of genes was achieved since theyevheavily
methylated ( Jost and Saluz, 1993).

3. Taken together the fact demonstrated by Jones @natdileagues
(1983) that, the transformed fibroblast cell limapidly lose quantities
of 5- methyl cytosine during cell division and agjim culture. Thus,
treatment with 5- azacytidine at the @3assage made many genes
undermethylated which led to the expression of phges.

4. In addition, Yoshimazawa (1993) reported that, tevelopmental
abilities of mouse cells in tissue culture differedm one strain to
another and since the fibroblast-like cell culturas derived from the
embryonic tissues of tifewiss albinestrain; While, the C3H/10T1/CL8
cell line was derived from BALB/c strain cell lingas derived from
BALB/c strain (Wilson and Jones, 1983). This migletan additional
reason to the different phenotypes expressed biyahted cell cultures

after exposure to 5-azacytidine.
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On the other hand, Holliday (1986) had demonstr#tat treatment with
5-azacytidine was found to induce the reversioa atgh rate frequency of
some enzyme — deficient malignant cell lines tovifid — type phenotype.
Thus, treatment of plasmacytoma SU99 cell lind\git azacytidine induced
the reversion of cells from (HPRT-ve) to the wilg¢ phenotype
(HPRT+ve), and the reversion rate was determineduityvating the treated
cells in (HAT — medium).

Relatively, Mohandaet al, (1981) had reported on obtaining the same
results and demonstrated the production of HATsistant sub clones from a
mouse — human somatic cell hybride clone (37-26Rd€fcient in HPRT
after the treatment with different concentratioh§-@zacytidine.

Moreover, result obtained in this work revealed,thize reversion rate of
(HAT- resistant) sub clones was dependent on thecardrations of 5-
azacytidine concentrations used in the treatmehgrevthe concentration of
(3 uM) gave the higher reversion rate. The samaltseesvere obtained by
Convey and Zaharko (1984) who had studied the teffedose and duration
of exposure to 5-azacytidine on a clone of leukeoalls in vitro and they
found that, the colonogenic potential of L1210 kewnka cells was increased
at one concentration (2 uM). While, the surviadd! of the treated cells was
decreased at higher concentrations.

However, the dose — dependence reversion rate megbkplained by the
fact that, 5-azacytidine was highly cytotoxic te ttells in the S-phase of the
cell cycle (Cihak, 1974), and it exert its actiam the rapidly dividing cells
(Maieret al.,2003).

Therefore, at higher concentrations of 5 — azanwidhe cytotoxic effect
on the treated cells was increased rising the nwsrifedead cells. Therefore,
the sub inhibitory concentrations of 5 — azacywdif8 puM and 2 pM)
mentioned earlier were the appropriate concentoaig that gave the higher

reversion rates.



Chapter Four Discussion

However, the reversion of the transformed sub dawethe wild — type
phenotype after exposure to 5 — azacytidine watamqd by Plumket al.,
(2000) who had expected that, the presence ofrageih atom in the 5 —
position ring of the azacytidine made this pyrimilianalogue refectory to
the enzymatic methylation of the DNA, making thisugl a very efficient
inhibitor of DNA methylation so that, 5- azacytidimmolecules substituted
approximately (5%) of the 5- methyl cytosine comtexi the cultures treated
with high concentrations.

In addition, since the 5- position of the azacytelring wasn't involved in
the hydrogen binding (Cihak, 1974). Then, 5 — atdirye would be expected
to base pair with the guanine in a regular maneadihg to double strand
breaks in the DNA (Kelescenyt al., 2000), and chromatide fragments
exchange between homologous chromatides resutiiagkind of frame shift
mutations ( Boyest al .,1990).

However, results obtained with plasmacytoma SU9D licee treatment
had confirmed the explanations made earlier ferrésults obtained after the
treatment of the fibroblast — like cell culture lwb—azacytidine; Since Poirer
(2002) had reported that, treatment of the maligreell lines with 5 —
azacytidine resulted in an extensive hypomethyhatibthe DNA which led
to the transcriptional activation of the previgusllenced genes, including
the hypoxanthine — guanine — phosphoribosyltraaster genes, and
additionally, since the transformed cells resemlitedmalignant cells (except
in the invasion character) (Masters, 2000). Theeefthe acqluistion of the
multiple new phenotypes by the (3H /10 T1 /2 C&8b clone was explained
by the fact of their being transformed cells withmortality features (Razin
and Cedar, 1993).
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4.3- In vivo effects of 5-azacytidine and folic adion the mice:

While, the in vitro measurements of the 5-azacytidine toxicity had
resembled purely the cellular response to eventh @s (time of drug
exposure, drug concentration, metabolism and tisegponse), and since
these measurements, could be interrupted by vamouiso reactions due to
the differences existing between timevitro andin vivo responses, (since
many drugs would be metabolized by the liver anchéd non- toxic)
(Alonso-Alperte and Varela-Moreiras, 2000).

In other words, for then vitro studies to be effective, relative vivo
models were suggested in order to determine whetieeresults of thén
vitro experiments were merely representing a responséheo cultural
conditions used through this investigation or thégmmistration of 5-
azacytidine had the same significant effaotvivo similar to those effects
observedn vitro.

On the other hand, ever since the early studieSirotank and DeGraw
(1984) on then vivo effects of 5-azacytidine on mice and the experisen
Carret al., (1984) on the effect of the same agent on the Bhiility, the
usefulness of this agent in determining the esskytiof the physiological
methyl groups in maintaining normal developmenmine was recognized.

Thereupon, attempts were made through this invasbig to summarize
evidences supporting the generalization that, theragion of the DNA
methylation pattern resulting from the experimerdgdministration of 5-
azacytidinein vivo could produce the same patterns of pathophysicdbgi
alterations resulting from the deficiency of fo#icid (Poirier, 2002), and the
effects of both agents on mice different organsevetudied.

Doses, drug exposure duration time and the rouéelwiinistration of both
agents of 5-azacytidine and folic acid, were coer®d after the experiments
of (Doerksenet al., 2000 and O’Neill, 1998) respectively. While, thethial
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doses (LD50) of both agents were defined as thatemtration (dose) of the
agent used that caused the death of half the amimahe treated group of

that specific agent (Levinson, 2004).
4.3.1- In vivo effects on mice body weight:-

It was suggested by Whittingham and Wood (1983} tlegtosterone acts
with the growth hormones to increase the body wemyhich consequently,
makes mice males heavier than mice females ofaime strain.

However, the results shown in table (3.6) revedhad, treatment of mice
males and females with (8mg/kg body weight) of &egytidine had
significantly decreased (p<0.05) the body weigmtsoth sexes, with the
observation that, the treated mice females hadwosée body weight than the
treated mice males probably due to the fact thete females were more
sensitive to the mutagenic effects brought-up byous chemotherapeutic
agents than males of the same strain (Bosirgj., 1994).

Relatively, similar results were obtained by Doerkgt al., (2000) in
which they demonstrated that, treatment of rat mablath different
concentrations of 5-azacytidine did not signifi¢piafffect their body weights.
While, treatment of females of the same strain wikhs agent had
significantly decreased their body weights.

On the other hand, data obtained from figure (3r&@aled that, there
was a non -significant increase (p >0.05) in thdybaeights of the mice
males and females following the oral administratioin (0.1mg/kg body
weight) of folic acid. Similar results were repattby Kim (1999) who
suggested that, the non- significant increase idybeeight of the treated
mice with folic acid was probably due to the caumed effect- relation ships

between the intake of vitamins and the increasbkarbody weight.

4.3.2- In vivo effects on mice male reproductive gans:

In spite of the increase in the effectiveness ateachemotherapy and the

prolongation of life achieved by these agents (Raarad Naryan, 1995). It
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has been reported by several workers that, thesetagnight have certain
draw-backs of causing male sterility (Arsenaual., 1974), induction of
tumorigenecity and embryo lethality in several latory animals (Takeuchi
and Tacheuchi, 1985; Matsuda and Yastomi, 1992).

Accordingly, the possible effects of 5-azacytidirmnd folic acid
administrations on mice males reproductive orgamiewassessed in this study

by investigating the effect on the following terms:

4.3.2.1- Testes histology

The results shown in figure (3.11) revealed varialisormalities detected
in the seminiferous tubule of mice males treateth \Brazacytidine.Similar
results were obtained by Doerksetnal., (2000), in which they demonstrated
that, treatment of rats males with 5-azacytidirmulted in deleterious effects
on testes histology.

However, it was declared by (La@t al., 1970; Pavinen et al., 1978 and
Ariel et al., 1991) that, the seminiferous tubule were consdiatormal if
they contained (vacuoles, multinucleated giants¢ellegenerating tubule,
sloughing of immature germ cells into the lumenpwever, it was suggested
by Tesariket al., (1992) that, drugs that induce alterations in agédn
secretion usually produce changes in the reprogeisitstem such alterations
that could affect the organization of the germ<eilltestes.

The administration of folic acid on the other hahdd no effect on the
organization of the germ cells in the seminifertwsule of the treated mice

males.

4.3.2.2- Sperm function:

The effects of 5-azacytidine and folic were studadhe following:
4.3.2.2.1- Sperm motility

Determination of the percentage of motile spermthesemen specimen
was a critical factor in the evaluation of semeraldqy (Ohl and Menge,

1996).The obtained results after the intraperitonjaction of 5-azacytidine,
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shown in table (3.7), revealed that, there wascaedse in sperm motility of
the 5-azacytidne treated group when compared Wwelsperm motility of the
control group. Similar results were obtained by Beenet al.,2000

However, it was well known that, the secretion @btpins into the
epididymal lumen influences sperm maturation, iniclwha glycoprotein
presents in the epididymal luminal fluid that indaahe forward motility of
the caput epididymal sperms (Palladino and Hintit®94). Therefore, the
decrease of sperm motility can be due to the eftécb-azacytidine in
alterating the secretion and function of protamghe epididymus which
caused the decline in sperm motility (Guptaal., 2002), or may be due to
inhibition of enzymes activity necessary for spemetabolism(Lee and
Moon, 1982).

4.3.2.2.2- Sperm concentration

Measurements of sperm concentrations have beeninighd assessment
of sperm functions (Mortimer, 1994).The obtainedutts in table (3.7),
showed a decrease in the sperm concentration ob-mwacytidine treated
group when compared with the sperm concentratidghetontrol group.

Similar results were reported by Doerksanal., (2000), in which they
demonstrated that, androgens were essential fomitiregion and maintenance
of spermatogenesis, while, (LH, FSH and testos®rarere required for the
control of the spermatogenesis process. Therebtbr@ges in the synthesis
and metabolism of these hormones caused by 5-adiameytay result in the
reduction of the number of sperms in the caudalidpmus (Sharmat al.,

2003).
4.3.2.2.3- Percentage of dead sperms

Determination of the percentage of dead spermsésad the important

criteria in the assessment of sperm function (@Ml lenge, 1996).
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The results of table (3.7) showed that, there wdsaease in the viability of
the sperms of the 5-azacytidine treated group wbempared with the
percentage of the control group.

Similar results were reported by Smikle and Tu@®97) in which they
demonstrated that, viable sperms repel the vitalns{eosin-nigrosin),
whereas, the dead sperms absorb the dye becayskaithéost the structural
integrity of their plasma membrane.

4.3.2.2.4- Percentage of morphologically abnormapsrms:

Morphologically normal sperms swim faster, stragghtvith higher tail
beat frequencies than the abnormal ones (Katzal.,, 1982).So if the
percentage of normal motile sperms is decreasex,nttmber of sperms
reaching the upper female tract might be also @dse, thereby, decreasing
the chance for fertilization (Ohl and Menge, 199d)herefore, the
morphological analysis of sperms is an importaitéigon to study the effects
of certain drugs on sperm function (Adelman, 198®6ce some drugs exert
inhibitory effects on enzymes necessary for speetabolism leading to the
decrease or loss of motility. (Lee and Moon, 1982).

The results of figure (3.12) revealed a numbernadrphologically
abnormal sperms obtained following the treatmenmofe males with 5-
azacytidine.In addition, table (3.7) showed thhg & percentage of (40%)
morphologically abnormal sperms were detected enStazacytidine treated
male group when compared with the percentage of cbw@trol group.
However, similar results were reported by Majumeleal., (1990) in which
they had revealed that, a percentage of more th@¥) abnormal sperm in
the semen was classified as teratospermia. Iniaddit was considered by
La Nasa and Urry, (1985) that such a percentag®@%) morphologically
abnormal sperms was associated with sub- ferirlitpice males.

On the other hand, it was reported by Seefyal., (1996) that, the

reproductive function of mice males, (The formatadrtype A spermatogonia
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and the conversion of the primary spermatocyteso irgecondary
spermatocytes by meiosis |I) were under the hormoaatrol of (LH, FSH
and testosterone). While, the final maturation stéghe spermatids were
dependent on FSH only (Ganog, 1991). Thereforereghegnized abnormal
sperm morphology after the administration of 5-gsdme might reflect an
abnormal intratesticular maturation combined witlh@amonal disturbance
(Acostaet al.,1'988; Jost and Saluz, 1993), probably caused by the aeere
in the DNA methylation content produced by the Iotory effect pattern
exhibited by 5-azacytidine due to the lowered miatingn content in the
mouse sperms (Razin and Cedar, 1993).

The results of the morphological examinations tlate obtained on the
other hand, following treatment with folic acid shex no effect of this
vitamin on the sperms morphology of the treatedenm@les’ mouse in this
study. However, similar results were emphasizedldgr and Terras, (1990).

These observations however, might indicate a cmmdivf low fertility
associated with the lowered sperm motility, conrdn, viability and
morphological abnormalities which were recordethis study.

4.3.3- In vivo effects of 5-azacytidine and folicad on the mice

fertility rate and the pregnancy — out come:

Drugs that induce alterations in androgen secraigrally was found to
produce changes in the reproductive system, suahgas might include a
low percentage of sperms exhibiting normal morpbgplthat would greatly
reduced the prognosis for fertility (Krugetral.,1986 and Aralet al.,1989).

On the other hand, it was assumed since the eanisnof Mahadevan
and Tronnson, (1984) and Tashal., (1988) that, the pattern and degree of
sperm motility, concentration and morphology wdre probably considered
as the most crucial factors in determining theilfgrtrates. Accordingly, a
breeding group was established in this investigatonsisted of (20 mice

males) treated with 5-azacytidine mated with (30eated mice females) and
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the fertilization rate was assessed by determitivegnumbers of pregnant
females for the next two mornings. Results of feg(8.16) had revealed a
decrease in the fertility rate of the mice maleated with 5-azacytidine when
compared with the control group. However, theseltesame in consistent
with the results obtained by Arnon and his colle(01) in which they had
reported that, mouse sperms were very sensitivihgoepigenetic effects
brought — up by various DNA methylation inhibitagach as 5-azacytidine.
These results were probably highlighted by the fapbrted by Kafriet al.,
(1990) in which they had demonstrated that, the DdAhe germ cells of
both mice males and females was differentially iylated in a manner made
the sperms more sensitive to the mutagenic effédws females’ germ
cell.results of table (3.13) and figure(3.17)hadnfoconed the above
explanations.However, results of figure (3.16) bbb showed that, treatment
of mice males with folic acid had no effect on thirtility rate where the
administration of this vitamin had no effects oa thale reproductive system.

On the other hand, the possible relation ship betvike effect of maternal
exposure to 5-azacytidine and folic acid on the motic development was
also investigated in this study, since it has bs@own by Lash and
Whittacker, (1974) and Bressman and Seto, (197@), ttmammalian
embryonic development required sequentially ordegedetic steps which
might be affected by various chemical agents.

Results shown in table (3.10) revealed that, theae an increase in the
(number of resorbed embryos, pre-implantation lesse post- implantation
losses) in the 5-azacytidine treated group whenpewed with the control
group. Similar results were obtained by Doerksed &rasler, (1995) and
Payntonet al., (1988), in which they had reported that, in theus®as in
many mammals, early embryonic development was dipgnupon the
contribution of both maternal and embryonic genamiserefore, it was

suggested that, maternal exposure to 5-azacytatirieeir (,8", 9" , and

\o.
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10" ) days of pregnancy was detrimental to the embrgssessed in terms of
resorbed embryos , pre- and post- implantatiorelass

On the other hand, results of table (3.11) showet, ttreatment of
pregnant females with folic acid alone did not efffthe normal embryonic
development. Whereas, when the treatment was ceabwith a heat
treatment for (8.5 minutes), results revealed tia supplementation of folic
acid prior to heat treatment was necessary to aheidncrease in the embryo
lethality recorded in the non-supplemented group.

However, similar results were obtained by Czeil &hdlas, (1992) and
Pugarelliet al., (1999) in which they had demonstrated that, famd
antagonists such as (methotrexate, pyrimethamidetramethoprime) were
associated with various birth defects in both materaad mice. In addition ,
recent clinical reports made by Shin and Shiot®99) showed that, a
substantial proportion of neural tube defects cdaddgrevented by folic acid

administration prior to conception and during #aely months of pregnancy.

4.3.4- In vivo effects of 5-azacytidine and folic ad on the

chromosomes of the mice bone marrow somatic cells :

Bone marrow cells were considered as one of the profiferative, self-
renewing somatic cells in the mammalian body (Marduand Bager, 1977),
in addition, to the sensitivity reflected by thesells to chemical threats
reflected by chromosomes damage of the exposed CBit and Levett,
1985). Moreover, these cells were used as a goddative for the
clastogenic effects brought-up by many chemicalack&r and Preston,
1996).

Results shown in figure (3.18) demonstratedigmificant increase
(p<0.05) in the mitotic activity of the somatic lseprepared from mice
treated with 5-azacytidine when compared with theotno activity of the
control mice somatic cells. However, these restdtae in agreement with the
results obtained by Haaf, (1995) in which he regubthat, treatment with

ACA
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5-azacytidine produced dramatic effects on the msomes and
lymphatic cells leading to the decondensation & dthromatin structure,
chromosomal instability and an advanced in theicephg time of the

exposed cells.

Therefore, based on the obtained results it wagested that, the
detected change in the replicating behavior obsemdhe somatic cells of
treated mice bone marrow with the structural abwdities detected
following 5-azacytidine administration might prolyakndicate that, 5-
azacytidine had triggered the process of cellptagramming by affecting
the chromatin structure through the demethylatiotividly which made the
chromos of the bone marrow a part of their difféised behavioral function.
Thus, in a conclusion, it was suggested that tmeiradtration of high doses
of 5- azacytidine could induce the tumorigenic telhsformation.

On the other hand, results of figure (3.32) obtdiradter folic acid
administration showed no profound effect of thistamin on the
chromosomes mitotic activity. However, similar rksuwere obtained by
Duthei et al., (2002) in which they demonstrated that, the dyetar
supplementation of folic acid was necessary foogtasomes stability.

While, the experiments of Coet al., (2001) and Wang and Fenech, (2003)
had revealed that, the deficiency of folic acid feadimpact on the DNA
stability principally through two potential pathvay altered DNA
methylation pattern and inhibited cell prolifecst

oy
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4.3.5- In vivo effects of 5-azacytidine, folic acichnd on the

genomic DNA methylation pattern and the cytoplasmic

protein content of mice liver:

4.3.5.1- Effects on genomic DNA methylation:

The mouse liver was considered by many workers gsoal model to
investigate the effects of chemotherapeutic agentsthe progression of
experimentally induced diseases (Kutob and Plaég2)19

The liver DNA, on the other hand, was found (asth# mammalian
genome) to contain two types of informations: -gepietic and genetic (Jost
and Saluz, 1993).While, the epigenetic componerst fwand to provide the
temporal and spatial frame —work for the genetformations to be used
(Alexiou and Leese, 1992), the genetic portion lea @ther hand, comprises
the blue print for the synthesis of all the necgsgaoteins of life (Finnelkt

al., 2002).

4.3.5.1.1- Isolation of DNA from mice liver:

Liver DNA was isolated according to the method afrBrookeet al.,
(1989), which showed a number of advantages ingbinghe steps of DNA
isolation as follows: -

1. The first step involved the addition of the egtian buffer containing
the following :-
I. Tris-Cl, in order to disintegrate the cellular
membranes.
. EDTA, which stephe DNA'’s from working and
withdraws the magnesium ion that affects the PCRinupation

conditions.
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il. Pancreatic RNA’s, which removes the contaminatifhfAR
li. SDS, as a detergent that is associated with theoua&mof the

contaminating proteins.

2. The second step involved the addition of protin&sen sufficient
quantities to degrade proteins that were left is #ample after the
extraction step.

3. Since protein contamination was found to affect@iNA purity, thus, the
DNA was further purified with phenol chloroform nxe.

4. The forth step involved the addition of ethanoptecipitate the DNA.

5. The final step of DNA isolation involved the qudmtation of DNA

concentration with spectrophotometer.

Spectrophotometric measurements were made by takedjings at two
wave lengths (260 and 280 nm), according to Sankbeoal.,(1989).

Readings taken at theses wave lengths alloweddlwailation of DNA
concentration in each sample since an optical dewdi(1) corresponded
approximately to (5@g/ul) for the double stranded DNA. Thus, the ratio
between the readings (OD260/0D280), provided amatbn of the DNA
purity in the sample. Results were shown in taBld4) revealed that, the
purity of the DNA samples isolated from the livaresated with 5-azacytidine
was lower than the purity of the DNA samples isadafrom the control
mouse liver or the liver of the mouse treated vithc acid. However, this
result might be explained by the fact that, the DiM#s heavily contaminated
with 5-azacytidine substances which probably ab=brthe Ultra violet
irradiation and impeded the accurate analysis ef DINA purity in these

samples.

4.3.5.1.2- DNA digestion with Hpall and Mspl restrction

enzymes:
The level of DNA methylation in the liver of theetited samples with (5-

azacytidine and folic acid) was monitored using hylattion sensitive and
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non-sensitive isoschizomers (Hpall and Mspl) reBon enzymes according

to the method mentioned by Bird and Southern, (1@r#l Waalwijk and

Flavel, (1978).

The size distribution of the DNA fragments on agargel was shown in
figure (3.20), which revealed the following results

1. Lanes(C and F), showed a distribution of a singlelbde stranded DNA
fragments with a molecular weight of (5.077 kb),isthmight indicate
that, the liver DNA was not affected by the treattsewith folic acid,
since the same size distribution of the DNA fragteevere detected in the
treated DNA lanes when compared with the lane efdbntrol DNA, in
other words the DNA remained in its intact form nmatter of the
treatments with the above agent. Whereas, lane §8wed the size
distribution of two fragments with the moleculazes of (11.497 and
5.077 kb).

This difference in the size distribution of DNAagments was
probably due to the ability of 5-azacytidine toucéd heritable changes in
the gene leading to DNA instability and breakagagki1995).

2. Since Hpall is a methylation sensitive enzyme wlilgaves the sequence
5-CCGG-3, but it does not cleave it when the irdéroytosines are
methylated (Singer et al., 1979). Thus, lanes (Gid &H) yielded
fragments with the molecular sizes of (11.497 aridB kb) .While, the
iIsoschizomer Mspl which is a methylation non- stwsienzyme that
cleaves the same DNA sequence irrespective of dthytation status
(Waalwijk and Flavell, 1978), had generated fragi®en lanes (CM and
FM) with the molecular sizes of (11.497, 5.077,79.4nd 4.507 kb).

3. On the other hand, lanes (AH and AM) yielded fragteamuch larger in
size than the above mentioned fragments with nectkgble difference

between the cutting pattern of the two enzymes.
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Moreover, smearness was observed of the large é&atgmn lanes (AH
and AM) which was not due to the incomplete digesthat was ascertained
in two ways: -

 The same concentration of DNA of (1&g /ul) was considered in all
samples that were digested with (2 units) of eadyme.

 The same DNA fragment size distribution was obsgrnvelanes (CH,
FH, CM and FM).

Therefore, another explanation was suggested tdaiexphe pattern
similarity of cleavage observed between AH and AM.

Since one enzyme was methylation sensitive whdeother was not:

The DNA that was digested with Hpall was assumebeaemethylated
due to the action of 5-azacytidine on the treatedsea liver. While the DNA
that was digested by Mspl was also demethylate8-ayacytidine but since
this enzyme was methylation non-sensitive, thuspalarity in the digestion
pattern was found.

On the other hand, it was demonstrated by Sambeoai, (1989) that,
large DNA molecules of linear, double — strandeafovould migrate more
slowly than smaller one in gels because they ne&ddtm their way through
the pores of the gel less efficiently than smadlees. Therefore, the migration
of fragments in lanes (AH and AM) was limited byeithlarge size which
generated the smearness form that was observedlaiSimasults were
obtained by Singer - Samt al, (1990) in which they had improved the
sensitivity of detecting the DNA methylation pattethange using RAPD-
PCR analysis.

4.3.5.1.3- RAPD —PCR analysis:

An assay was carried out in this investigation Hase predigesting the

DNA'’s isolated from the treated liver samples witle (Hpall and Mspl)
enzymes prior to RAPD-PCR analysis.
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However, RAPD-PCR technique was based upon thdtatta randomly
selected decamer (primers), when they were mixeth yenomic DNA
samples (template) with a thermostable DNA polyseranzyme (Taq), if
they were subjected to temperature, this will allive amplification of the
DNA to several fragments (Willianet al.,1990).

In addition, this molecular marker technique had #uvantage of that,
during the reaction, primers will bind to the enatmally digested DNA in
two separated regions which will allow their amighttion (Inniset al.,1990)
and the product was analyzed on agarose gel aogotdiDevos and Gale,
(1992).

Results of RAPD-PCR showed no detectable amplibogbroducts when
the primers (OP-02, OP-12, OPA-13, OPB-12 andOPDaZJe used in the
reaction.

Similar results were reported by Singer — S&ral., (1990) in which they
had scored the failure of a number of decamer panmethe amplification of
DNA fragments obtained from mouse liver samples @&y had attributed
the failures of these primers to amplify the DNAth® absence of suitable
priming sites for these primers in the genome é@heere no complementary
sequences for these primers in the genome).

On the other hand, results shown in figure (3.21/ealed in addition to
the DNA amplification, a polymorphism was also déte in the banding
pattern analyzed on agarose gel using the primdf-QRorobably due to
beginning of the sequence of this primer with CO@hich resembles in fact
the beginning of the restriction enzymes recognitgites (CCGG) the
sequence that possibly had provided a priming ftethis primer that
resulted in the right amplification of the DNA.

However, the results obtained using RAPD-PCR aisalyad confirmed
the previously obtained results in this investigatusing Hpall and Mspl

restriction enzymes, where a similarity was recogdiin the amplification

\ov



Chapter Four Discussion

patterns between the DNA'’s isolated from the migers treated with folic
acid when compared with the amplification patteithe DNA isolated from
the control mouse liver.
Whereas, a polymorphism was detected in the barghitgrn of the DNA
isolated from the liver treated with 5-azacytidine.
Similar results were obtained by Singer—Sam gt18P90) in which they had
attributed the result of the banding pattern pagphism to probably the
following reasons: -
1. Missing bands might be resulted from insertion @letons in the
amplification region.
2. Base changes from insertions or deletions whichhtnggter the primer
binding site (Wiganett al.,1993)
4.3.5.2-_Effects on the cytoplasmic proteins:

It was reported by Bachman et al., (2002) that,itiveraction of certain
chemotherapeutic agents with the DNA - binding daiption factors (the
crucial determinants of gene expression), couldgér a chain of events
involved in the structure of chromatin and the agdg of divergent proteins.
Therefore, an investigation was carried out to aranthe effects of (5-
azacytidine and folic acid) on the gene expresgibith was assessed by the
possible changes in the liver cytoplasmic protg@henotype using SDS- gel
electrophoresis technique.

However, the application of the sodium dodecyl batp — polyacrylamid
gel electrophoresis (SDS-PAGE), seemed to be al tdehnique to analyze
the possible changes in the cytoplasmic proteimgesit has long been
recognized that, this technique contained a pow&NA denaturant and a
solubilizing agent (SDS), which induces conformaalb changes in the
proteins (Baylin and Herman, 2000) In addition, sheng effect exerted by
SDS, makes essentially, all the proteins accesRibkdectrophoresis analysis

including the normally insoluble ones (Westermeieal.,2001 and Jungblut
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et al.,, 1990) on the other hand, had demonstrated that,SIhS-protein
interaction was strong enough to make the composiif the SDS-protein
complex, pH-independent and eliminated the chanfferences between
different proteins.

Moreover, several workers in the field of protemalysis had found that,
at SDS concentrations higher than (8*104 M) theedgnt will bind to
proteins resulting in a complex with a rod-like gaathe length of which
varies uniquely with the polypeptide molecular wegy (Jungblutet al.,
1990; Baylin and Herman, 2000 ; Birdet al.,2002).

On the other hand, it was demonstrated by Shagtral., (1967) and
Weber and Osborn (1969) that, proteins that wergsatived in high
concentrations of SDS, had exhibited electropheresiobilities in
polyacrylamid gels which were a direct functiontbé&ir sub-unit molecular
weights .

However, the results of protein analysis obtaifedugh this study using
the SDS-PAGE, shown in figure (3.22), had revealedmarkable similarity
in the cytoplasmic banding pattern between lanes(l3). Whereas, lane(2),
showed quantitative increase in a set of two mithdieds.

Based on the compilation of several published @@kepmaret.al;, 1984;
PonzettoZimmerman and Wolgemuth, 1984; Shaw et al.,1983; Monk et al.,
1987and Hewlett and Reik 1991) that were obtaimedarious laboratories
studied the protein composition of mouse liver mbeyogenesis and adult
hood using the SDS-PAGE analytical technique detnatesl the following
major proteins :

1. (repetitive sequence protein (L1-line 1),Major ariy proteins (MUP’s),
Intercisternal A particle (IAP), Mouse interspergacthily protein(MIF),
Minor satellite protein(MIS), Major satellite prat¢MJS).
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2. With presumably some structural proteins such agr@tubular and
membrane proteins) or some regulatory proteins (@gsnand Tack,
1972).

Bird (2002) demonstrated that, the character oélaveas defined by its
protein constituents resulted from specific pageyhgene expression.

Therefore, it was suggested that, lane (1) hadesgmted the normal
phenotype of the liver proteins, since the prosaimple was isolated from the
control mouse liver (which was not treated with agent). However, the
same phenotype was possibly detected in lane (Bgrevsimilar protein
banding patterns were recognized. Therefore, itpvabably suggested that,
the gene expression was not affected by the treatwieh ( folic acid).

However, similar results were obtained by Fleming &chilsky, (1992)
in which they had reported that, folic acid waseasisl for DNA stability and
therefore it did not affects the gene expressiorther process of protein
synthesis in the treated tissue.

Whereas, the protein constitution of therdigample in lane( 2) revealed
that the presence of two polypeptide chains instfathe single band of
probably (MUP’s) recognized in others possibly caded a case of protein
subunit disorganization which might be a result asf effect on gene

expression.
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A role of MUP’s was suggested by Bocsletial.,(1992) exerted in the
mating competence, so animals that showed diffesltn mating did not
express it.

Moreover, it was found that, the absence of tipesteins from the normal
composition of the body was associated with lowgetime body weight (Reik
et al., 1993). This case however, was noticed in the @¢ce@nimals with
(8mg/kg) of 5-azacytidine during the time coursehaf study suggesting that,
treatment with 5-azacytidine had probably affectled gene expression in
liver cells which resulted in differences in thegnaition rates between lanes
(1, 2 and 3).

Thus, on the light of the obtained resultsvinich a decrease in the body
weights of treated mice males and females , higio&d abnormalities in the
testes , functional and morphological abnormalitrethe sperms , reduction
in the fertility rate, reduction in the pregnancyt@ome and teratogenic
effects altogether had suggested that, 5-azacgtidiight probably affected
the gene expression through its hypomethylatingviactwhich might be

responsible for the results that were obtainetiénstudy.
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Chapter one

Literature review

1.1- Concepts of development:

Development is the process by which a multicelludaganism arises,
initially from a single cell, (the fertilized egg)ywyman, 2001).

However, development is a progressive process ao dhsimple embryo
comprising few cell types organized in a crudegyatis gradually refined to
generate a complex organism with many cell typesvsty highly detailed
organization, and this gradual developmental giyaie known as epigenesist
(Slack, 1997). In fact, development involves fivajon overlapping processes
namely: growth, cell division, differentiation, patn formation and
morphogenesis (Twyman, 2001).

Figure (1.1) shows an overview of the mammalianetigment process
according to (Twyman,2001).

Gametes
v
Zygote
A 4
Cell division Growth Differentiation Pattern formation Morphogenesis
Increase Increase Diversification Organization Generation
In In Of of
Number size cell types shapes & structures
v
Adult
v
Gametes

Figure (1.1): An overview of the development proceas
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1.2- Genes in development:

All the processes that are essential for mammaliganism development
were mediated ultimately by genes that coded fatems, acting either
directly or as enzymes to produce the necessaryeaui@s (Twyman,
2001).Therefore, development were controlled toamd degree by gene
expression (Russd al.,1999). However, many evidences were obtained from
several studies showed that, DNA methylation hadrdmuted largely to the
differential gene expression during development:-

Firstly, it was found that, the genome of the matsmandergoes global
changes in methylation during early developmenbvetd by cell- specific
changes in methylation patterns associated withritheidual genes (Porter,
1998).In other wards, DNA methylation patterns werased by a global
wave of demethylation activity in the zygote, thBXNA methylation patterns
were de novo generated in the epilast just priogastrulation (Kalthof,
1996).

Secondly, mammalian gene expression was in somes cewersely
correlated with the amount of DNA methylation i toromoter, for example,
during the differentiation of erythrocytes, the lglo genes were expressed
when their promoters were un methylated and vicsav@Porter,1998).

Thirdly, mammalian genes can be repressed or a&etivey adding or
removing methyl groups, for example, in vitro fullethylated transgenes
were not expressed when they were introduced irellavhere methylation
abolishes gene transcription (Jost and Saluz, 198®)versely incorporation
of the cytosine analogue, the 5-azacytidine (mayathylation inhibitor)
reactivated the previously repressed genes (Moalahal., 1982).

1.3- Development and epigenetic:

Epigenetic is the term applied to describe patterhgene expression
caused by mechanisms other than changes in thesatde sequence
(Holliday, 1986; Henikoff and Matzke, 1997). A halrk feature of



Chapter one Literaturereview

epigenetic regulation occurs principally at theeleaf transcription (Eden and
Cedar, 1994).

In mammalian cells, the methylation state of theebaytosine can be
inherited without altering the genetic material yia 1997).

This epigenetic form of inheritance generates pagtef DNA methylation
that modulates overall genomic patterns of chramatganization and gene
expression (Wolffe and Matzke, 1999), revealingrdarrelationship among
DNA methylation, development and epigenetic regoihabf gene expression
(Hoekengaet al., 2000).

It appears from several studies (Cedar, 1988issbach, 1993; Baylin,
1997), that, DNA methylation served a variety ofological roles in
mammal's development. Therefore, in order to urtdadsthe role played by
the DNA methylation in development, this unique mfiodtion of DNA was

more deeply reviewed.

1.4- DNA methylation:
Since its first recognition in 1948, the fifth basemammalian DNA, 5-

methylcytosine (5-mc) has generated much interesd a&onsiderable
controversy during attempts to understand its Sagmce (Weissbach, 1993).
DNA methylation in mammalians involve addition @fmethyl group to
the carbon ring through a reaction catalyzed by DiN&hyltransferase in the
context of the sequence 5-CG-3, which is also refeto as CPG dinucleotide
(Antequera and Bird, 1993).DNA methylation is th@yomodification that
occurs after DNA replication and what makes thidication unique is the
fact that, it modifies the genome without changthg nucleotide sequence
through the addition of methyl groups to the geeadny an independent
enzymatic machinery, (the DNA-methyltransferase)] aemoved from the
DNA by an independent enzymatic machinery, the dieyheeses (Szyf,2000).
However, recent studies showing that genes exmpgessberrant DNA

methylation resulted in abnormal development ancrei@sed embryonic
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lethality supported the critical role played by tlENA methylation in
development (Yodest al., 1997).

Since enzymatic methylation of cytosine’s in DNAsnaelieved to have
an effect on the physical properties as well assthactural features of the
double helix.

Figure (1.2) shows the probable structural abnati@slof the double

helix resulted from cytosine methylation (Jost &aduz,1993).
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Lef-handaed Z-DMNA

Figure (1.2): Structural alternatives to the right-handed-B-form of
the DNA.

1.4.1- Distribution of methylated cytosines and CP@lands:

Mammalian genomes are not methylated uniformlydmmtain methylated

regions interspersed with unmethylated domaingl(Ri®86).
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During evolution, the dinucleotide COG has beengpssively eliminated
from the genome of higher eukaryotes and is preseonly (5%-10%) of its
predicted frequency (Antequera and Bird, 1993). o€yte methylation
appears to have played a major role in this prodessause CPG sites lost
represent the conversion through deamination ohyhgttosines to thymines.
(Szyf,2000).

Approximately (70%-80%) of the remaining CPG siteatain methylated
cytosines in most vertebrates (Antequera and B®@3).

These methylated regions are typical of the bulotatin that represents
the late replicating DNA with its attendant historm®mposition and
nucleasomal configuration as is relatively in asd#e to transcription factors
(Tazi and Bird, 1990). However, the CPG regiongjeshin size from (0.5-
5kb) and occurred at an average of every (100kbhcalthe genome
(Antequera and Bird, 1993).

These regions were rich in (G + C) content whicls weeater than (60%)
and were the target sites of the DNA-methyltrarssfe¢nzymes (Bird, 1986;
Cross and Bird, 1995).

However, it was found that, the distribution of t8&#G islands in the
mammalian genome was as important as the role ok Didthyltransferase
activity where two types of CPG regulatory regionsre found (Antequera
and Bird, 1993).

Genes who contained nonmethylated CPG islands @i ghromoter
regions were usually called “housekeeping” genes hiad a broad tissue
pattern of expression (Antequera and Bird, 1993)il§Vthe tissue — specific
genes contained CPG islands which were variablyhyleted where the
methylation state was inversely correlated with ttaascriptional status of
the genes (Cedar, 1988 and Bird, 1992).

Therefore, the lake of methylation of the CpG idlavithin the promoter
region of the gene was required for the transanipof the genes (Antequera

and Bird, 1993). The main exceptions included tbe-transcribed genes on
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the inactive X-Chromosome (Heasdtl al., 1997), and imprinted autosomal

genes where one of the parental alleles was mé¢ay(Baylin, 1997).

1.4.2- DNA methyltransferases:

The enzymes that transfer methyl groups to thesaygoring, cytosine 5-
methyltransferases, or DNA methyltransferases (INtAse) have been
characterized in a number of eukaryotes (Gruenbkbaln, 1972).

The first eukaryotic DNA — Mtase gene cloned fronouse almost a
decade ago, which was referred to as Dnutl (Baesibingram, 1983).

This gene was found to be highly conserved amongimmals with 5-
methylcytosine (Jost and Salue, 1993).

One of the unique features of the mammalian DNMiAdyae was that, it
has along amino-terminal domain, which containeditipiea motifs that
targeted the protein to sites of active DNA replma (Bestor and Ingram,
1983).

The mammalian DNMT1 enzyme displays an interestiagelopmental
regulation in having regions unique either to maldemale gametogenesis
(Cheng, 1995). It was found that oocyte containacgd a mounts of
maternally stored DNMT1 enzyme, this enzyme shauittéter fertilization
between cytoplasmic to the nuclear localizatiorrahation to the wave of
preimplantation demethylation and post implantatee novo methylation
(Adams, 1995).

Mammalian DNmtl methyltransferase has a high affinifor
hemimethylated substrates but also capable of eirig denovo methylation
of unmethylated substrates in vitro (Leonhastdil.,1992).

Evidences for an additional mammalian DNA- metlayisferase capable
of denovo methylation came from the transfectiopegsments of (Liet al.,
1992).These enzymes were named DNMT2, DNMT3a anMT8b.
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1.4.3- Requlation of DNA methyllation in eukaryoticcell:

There are two basic types of normal methylationcesses known in
mammalian cells:-

First, is "de novo methylation" which is involved the rearrangement of
methylation pattern during embryogenesis and diffeation processes in
adult cells (Monk]1990; Razin and Cedar, 1993).

Recently a family of enzymes was described, coimgintwo
methyltransferases DNMT3a and DNMT3b which show tthe novo
methylation activity (Robertsost al., 1999 and Xieet al., 1999).

The homologous genes were identified in mouse (HsiE99) and
targeting experiments showed that both DNMT3a andMD3b were
essential for de novo methylation in humans and had activity of
maintenance methylation (Okasial., 1999).

The second methylation activity was the so — calfethintenance
methylatioin” which is responsible for maintainipgttern once established
(Bestoret al., 1988).

The first mouse maintenance methylatransferase DNM&s described
by Bestor et al., (1988). Then homologous enzywe® found in humans
too (Yenet al., 1992), in chickens (Tajimet al., 1995).

The functional analysis of the enzyme showed thdtas maintenance
activity and is vitally important for embryonic dgdepment in the mouse (Li
etal., 1992).

During DNA replication, DNMT1 is located in the faation complex
where it recognizes the normally methylated Cp@ssih the parent strand
and catalyses the addition of the methyl groupnendorresponding CpG sites
in the daughter strand (Letial., 1996).

Active localization of the enzyme to sites of DNéplication in dividing
cells may facilitate a maintenance role of DNMT&dhhardet al., 1992).
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1.4.4- DNA methylation and transcriptional represson:

A role for DNA methylation in the differential refgion of gene
expression was hypothesized many years ago (Rigys, Holliday and
Pugh, 1975).

The potential mechanism was suggested by a nunfilgarly observations
in which site- specific cytosines methylation withor adjacent to genes was
found to correlate with the transcriptional repr@ssGinder and McGhee,
1979; Razin and Riggs, 1980).

Subsequently, this inverse relationship betweensoyé methylation and
transcription has been observed in a large numbgermres (Razin and Cedar,
1991).

Numerous reports have shown the ability of the mi@m DNA
methylation to inhibit the transcription of a widariety of genes imn vitro
transfection assays, and in some cases, such @edmylcorrespond to the
inactive state of the gene undarvivo study Bird, 1992; Razin and Cedar,
1991). However, Szyf (2000) had proposed three ilplessnechanisms to
account for transcriptional repression by DNA médhign.

Figure (1.3) shows the events involved in each meism of DNA

transcription repression.

DNA Methylation and Transcriptional Repression
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Figure (1.3): Proposed mechanisms of transcripli@paession

mediated by cytosine methylation.
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The first mechanism involves direct interferenceghwihe binding of
specific transcription factors to their recognitisites in their respective
promoters (Tate and Bird, 1993).

Several transcription factors, including AP-2, cd&yMyn, the cyclic
AMP- dependent activator recognize sequences thatin CPG residues,
and their binding to each has been shown to béiteli by methylation (Tate
and Bird, 1993).

In contrast, other transcription factors, such &B1) was shown to be
insensitive to the methylation of their bindingesit(Rountree and Solker,
1997).

A second potential mechanism for methylation induclencing is
through the direct binding of specific transcriptb repressors to methylated
DNA (Meehanet al., 1989).

Two such factors, MeCP-1 and MeCP-2 (methyl cy®&imding proteins
1 and 2), have been identified and shown to binthethylated CPG residues
in any sequence context (Boys and Bird, 1997).

A third mechanism by which methylation may medi&t@nscriptional
repression is by altering chromatin structure (Rand Riggs, 1980).

Experiments using microinjection of certain methgth and
nonmethylated gene templates into nuclei have shtvat methylation
inhibits transcription only after chromatin was ersbled (Razin and Cedar,
1991).

Transcriptional silencing by DNA methylation appedao be a more
common mechanism among tissue — specific geneéianh genes usually
required specific transcriptional factors for thgene activity (Kast al.,
1997).
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1.4.5- DNA demethylation during development and tsue-

specific differentiation:

A critical aspect of the overall regulatory role@NA methylation is the
process of demethylation (Sullivahal., 1989). Using methylation sensitive
restriction enzymes to monitor the general leveDBIA methylation, it was
shown that, during early development, a dramatituecgon in methylation
levels occurs in the preimplantation embryo (Matkal., 1987). This was
followed by a wave of de novo methylation involvingpst CPG residues but
leaving the CPG islands unmethylated at the timenplantation (Kafri,et
al., 1992). After implantation, most of the genomic DN# methylated,
whereas tissue — specific genes undergo demethylati their tissue — or
gene — specific removal of methylcytosines from DNAust exist
(Szyft,2000).

Demethylation could be a passive process such asintibition of
methylation after DNA replication (Razin and Rigd®£80). On the other
hand , Kafri (1992) had reported on the existesfcan active demethylation
process not involving DNA replication in mammaliasells has been
supported by a number of observations:-

In transformation assays cells, a DNA methyltraresfe inhibitor was
shown to have a demethylation activity that causesl differentiation of
murine fibroblast cells to myoblasts, adipocyte ahdndrocytes (Antequera
and Bird,1993).

These experiments ultimately led to the identifmatand doing of the
MyoD gene which showed that treatment with 5-azdoyw caused the
demethylation of the MyoD "CPG" is lands and wasoamted with the
activation of the MyoD gene expression (Rudicki alagnisch, 1995). In
addition, it become clear that, the widespread wyiation of CpG islands was
an aberrant phenomenon associated with prolongetdro passage of cells

what should be noted in studies documenting afal®NA methylation in
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the regulation of gene expression and aging os geliculture (Russet al.,
1999).

Furthermore, several studies showed that, changd3NIA methylation
patterns in cancer cells parallel those seen sudisulture and aging cells
when compared to normal cells (Laird and Jaeni$8B6). It was found that
cancer cells had reduced global levels of DNA mlatign often
accompanied by an increase in DNA —methyltransésrastivity (Kautainen
and Jones, 1986 and Isshal., 1993) with a localized increase of DNA
methylation in particular at specific CPG islandai(d and Jaenisch, 1996).

Figure (1.4) shows examples of possible mechanisvshere DNA

methylation could induce cancer.

DNA Methylation and Cancer
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Figure (1.4): Models for the different mechanismstirough which

cytosine methylation can promote oncogenesis.
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1.4.6- Clinical implication and applications of DNA

methylation:

DNA methylation patterns are likely to become afrgmsing importance
in the management of cancer patients in the nearef{Bird, 1996). Already
several clinical trails using agents targeted alalDNMTS have been
completed or under way (Costello and Plass, 2001)addition, DNA
methylation shows great promise as a marker foeénky detection of cancer,
and DNA methylation patterns might be of use inedatning patient

prognosis (Strathdee and Brown, 2002).
1.4.6.1- Therapeutics targeting DNA methylation:

Methylation probably causes the inactivation of Buous genes that are
important in the development of most or all tumbyoes; thus, inhibition of
DNA methylation and consequent reactivation of ¢hgenes is an attractive
avenue for the development of novel therapeutidsait®lee and Brown,
2002). This strategy is particularly appealing lsea in normal cells, these
genes are not normally regulated by DNA methylatsord therefore, the
toxicity of inhibitions of DNA methylation to nonamcer tissues could
potentially be well below that seen with convenéibroytotoxic anti-cancer
agents (Jones, 1985D).

However, as yet, few effective inhibitors of DNMW&re known ; the two
closely related drugs 5 - azacytidine and 2 — deex$ - azacytidine
(Stratheeda and Brown, 2002), have long been ugeerienentally to inhibit
DNA methylation in tissue culture and have beenwshdo re-activate
numerous methylation silenced genes (Jones, 1982; Jones, 1985a). In
addition, 5-azacytidine has also been shown todedcell differentiation
(Jones, 1985a), and has been used to treat a nuohbleaematopoietic
disorders (Pino and Zagonel, 1993). However, theddmental cancer
treatment “the chemotherapy” have long been knawhave a multitude of
short and long term effects (Arnehal., 2001).
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Witt and Bishop(1996) showed that these drugs cd@dmutagenic to
somatic cells, causing gene mutation, chromosoemirangements, breaks
and aneuploids.

With a growing population of young cancer surviv@gBoring et al.,
1994), significant concerns have been raised ragattie adverse effects of
these treatments on the off spring of the treatedsiduals. That include off
springs conceived after completion of treatmentnage to the genetic
composition of the human germ cell might influerferilization, increase in
the rate of abortion, or cause malformations indecén conceived by men or

women previously exposed to cancer treatment (Keneteal., 1993).
1.4.6.2- Inhibitors of DNA methylation:
1.4.6.2.1- 5-azacytidine:

The first class of DNA inhibitors included nucledsianalogs that were

phosphorylated by cellular kinases, incorporatéd the DNA and inhibited
methylation. (Szyf, 1996). Figure (1.5) shows exE®@f nucleoside analogs
of DNA inhibitors (Goffin and Esinhauer, 2002).
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5-aza-2'-deoxycytidine arabinosyl-5-azacytosine dihydro-5-azacytidine
aza( dc.:ita.bi):'n:};t (fazarabine) (DHAC)
Figure (1.5): Inhibitors of DNA methyltransferases
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The classic inhibitor of DNMTs is 5-aza-cytidinegsa-c) Which is a ring
analog of the natural pyrimidine nucleoside cytg]idiffering by a nitrogen
instead of the number 5- carbon (Bergy and He66)1.9

This analog was originally developed for use akenwtherapeutic agent
(Wesley and Cihak, 1978) and is still used as @iatie treatment regimen for
acute myelogenous leukemia (Goffin and Esinhau@i2p

The S-triazene ring structure of 5-azacytidine rsstable in aqueous
solution and is rapidly hydrolyzed with the losstioé carbon atom in the 6-
position (Notari and De-Young, 1975).

5-azacutidine enters cells where it is phosphoggldiy uridine- cytidine
kinas and subsequently was incorporated into bothRNA and DNA of
treated cells (Liet al., 1970). Taylor found that greater than (85%) of
incorporated 5-azacytidine has an intact ring stmecin DNA, implying that
the triazine ring might be relatively stable withie macromolecule.

However, 5-azacytidine induced genotoxic effect hattt directly
damaging the DNA but, it causes a change in the DddAformation
(Stopper, 1997).

Since DNA methylation was associated with gene esgon, 5-
azacytidine exerted its effects through re — exgioes of silenced genes
(Benderet al., 1998).

Azacytidine could induce cellular differentiatioaxpression of several
proteins, re expression of antigens, and erytheodifferentiation (Taylor and
Jones,1979; Nomparleret al., 1985; and Atadia, 1993). Exposure of murine
10T1/ 2 embryonic fibroblasts to 5-azacytidine ioeld formation of mature
muscle cells or adipocytes (Taylor and Jones, 193} finding suggested
the importance of a modification in the 5 positminthe pyrimidine ring for
the induction of cellular differentiation (Santiret al., 2001). In vitro,
inhibition of DNA methylation by suppressed grovathtumour cell lines but

not normal fibroblasts, and the effect of
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5-azacytidine on the proliferation of L1210 leukandells was related to
does and duration of exposure. (Beneeal., 1998 and Covey and Zaharko,
1984).

In addition, 5- azacytidine was also tested forcicengenicity by
intraperitoneal injection in four studies in miaedat was found to accelerate
the development of leukemia, incidence of lymphaidoplasm, lung
adenomas and testicular tumors (IARC, 1990).

1.4.6.2.2- Methotrexate:

The antimetabolites are synthetic analogues of abmetabolites that act

by competition (Laurencet al., 1997), and the interest in antimetabolite
cancer chemotherapy began in the late 1940S wéh tremonstration by
Farber and colleagues that the antifolate aminopté, 4—diamino, 4-
deoxyfolic acid) could induce remissions in ped@a#cute leukemia. Later,
antimetabolites of specific nutrients and their abelites found great
applicability as chemotherapeutic agents againsterasuch as methotrexate
(Poirier et al., 2003). This is the most widely used antifolatemedical
oncology (Takiomoti, 1996). This N — methyl derivat of aminopterin has
documented activity in a cute leukemia, non — Haagklymphoma, breast
cancer, head and neck cancer, choriocarcinomaggestic sarcoma and
bladder cancer (Fleming and Schilsky, 1992). Akdifes are also widely used
in the treatment of nonmalignant disease such a&sinmhtoid arthritis,
bacterial and plasmodia infections (Fleisher, 19984 in the opportunistic
infections associated with AIDS (Takimoto and Alegl995).

The anti-cancer drug methotrexate differs fromebgential vitamin, folic
acid, by the substitution of an amino group forydroxyl at the u- position of

the pteridine ring.
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Figure (1.6): Structure of methotrexate.

This minor structural alteration changes the norsedistrate into a tight —
binding inhibitor of dihydrofolate reductase (DHF@®)eill, 1998) the enzyme
principally responsible for the maintenance of ititeacellular reduced folate
pool (Li et al., 1992). Reduced forms of folic acid called tetraiojolates are
essential cofactors which serve as single carbmm dbnors in the enzymatic
synthesis of thymidylate and purine nucleotidesu@ral., 1993).

Tetrahydrofolates are only biologically active ireir fully reduced forms
(Takimoto, 1996). Methotrexate is considered agmotompetitive inhibitor
of dihydrofolate reductase since, tetrahydrofolatexidized in biosynthetic
reactions and the presence of methotrexate preusntsduction (Poirieret
al., 2003). He resulting starvation of reduced folatmits methylation
reactions including the synthesis of thymidine, matine and purines (Neill,
1998).

It might also influence events such as polyaminglssis and epigenetic
marking of DNA by methylation through limiting thproduction of the
methyl donor S-adenyl — methionine (Alexiou and4es€1992).

Since thymidine does not accumulate in cells, apontant intermediate
consequence of methotrexate treatment is the tidmbof cell division due to
inhibition of DNA synthesis, secondary to thymidistarvation (Neill, 1998).
Thus the inhibition of DNA synthesis by methotrexat a multifactor process

which results from both the partial depletion dfracellular reduced folates
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and from the direct inhibition of folate — dependenzymes ( Poirieet al.,
2003).

In experimental studies, methotrexate appeared x&rt ecarcinogenic
activity towards the mammary glands of male ratsg@tset al., 1990).

In one study, methotrexate has caused, signifizaininoderate, pancreatic
toxicity in mice (Woolley, 1983). Methotrexate isneell-known teratogen in
both humans and experimental animals (Bastlal., 1998 and DeSesso and
Jordan, 1977) with cleft palates and neural tuldeaien embryos of treated
females (Elmazar and Nau, 1992).

On the other hand, methotrexate treatment decreghgedxtent of DNA
methylation in the brains and livers of rats (Poreal., 2003). Therefore,
methotrexate, like other chemotherapeutics inhibitof DNA synthesis,
induced DNA hypomethylation in cells (Kiet al., 1996).

1.4.6.3 — Methyl Donors:

Many micronutrients and vitamins are critical foNBR synthesis / repair

and maintenance of DNA methylation patterns (FermathFerhus2001).

Folate has been most extensively investigatedisnrédgard for its Unique
function as methyl donor for nucleotide synthesid hiological methylation
(Frisco and Choi, 2002). Folate is a water solibltamin, that is essential
for the synthesis of S-adenosylmethionine (SAMgpanpound a compound
that serves as the methyl donor for over (100)H®odcal reaction, including
the DNA methylation (Kim, 1992). It is in this maemthat folate modulates
DNA methylation (Figure 1.7).

20



Chapter one Literaturereview

Figure (1.7): Scheme of folate metabolism.

As shown in this figure , methylenetetrahydro -atelreductase (MTHFR)
is a critical enzyme in folate metabolism, Its prod 5-methyltera-
hydrofolate (5-methyl THF), is the predominant fooh folate in plasma,
whereas , 5,10-methylene THF, is found mainly cetalar (Kim , 1992).

5-MethyIThf provides the methyl group for de novethionine synthesis
and DNA methylation (Wagner, 1995), whereas thessate for MTHFR,
5,10-methylene THF, is required for conversion afoxyuridylate to
thymidylate and can be oxidized to 10-formyl THH fde novo purine
synthesis (Czeizel and Dudas, 1997). Thereforel(smethylene THF is
critical in DNA biosynthesis as well as maintainidgoxynucleotide pool
balance (Wagner, 1995). Consequently, a deficiafidglate in tissues with
rapidly replicating cell results in ineffective DNAynthesis, resulting in
reduced cell proliferation, impaired cellular plgtegy and abnormal
cytologic morphology (Kim, 1992).

This biochemical function of folate has been u#itizin the area of how
folate modulates cell proliferation in the procedscarcinogenesis (Mason
and Levesque, 1996).
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This leads to ineffective DNA synthesis, resultimythe inhibition of
tumor growth. Indeed, this has been the basis fitituanor therapy using a
number of antifolate agents, including methotrexated 5-fluorouracil
(Kamen, 1997). And (Bertino, 1997). However, cellltare and animal
studies showed that deficiency of folate inducescdption of DNA as well
as alteration in DNA methylation status (Robertand Wolffe, 2000).

Animal models of methyl deficiency demonstratedsgjer cause-and — effect
relationship than did studies using cell cultuféssco and choi, 2002). Such
observations implied that, the adverse effectsnatiequate folate status on
DNA metabolism are mostly due to the impairmenmaithyl supply (Ames,
2001). Animals fed diets deficient in methyl dondfslate, chlorine and
methionine) have hypomethylated DNA. (Sellatill., 1991).

Zeisel and Blusztajn (1994) demonstrated that,eth@sanges occur not
only in global methylation, but also in the methida of specific genes.

Mouse liver tumorigenesis induced by a chalino dkvenethionine —
deficient died was associated with the hypometlgadf c-Has — ras and raf
oncogenessis (Let al., 2001). Folate deficiency is associated with human
gastric carcinogenesis, neural tube defect in éhasf(Slatteryet al., 1997)
(Alonso and Moreiras, 1996).

These findings suggested that, the interaction éatmnutritional statuses
with a genetic polymorphism can modulate gene esgima through DNA
methylation, especially when such polymorphism térthe methyl supply
(Laurencest al., 1997).

DNA methylation, both genome — wide and gene - i§pets of particular
interest for the study of cancer, aging and ottwerdtions related to cell —
cycle regulation and tissue — specific differemtiat because it affect gene
expression without permanent alterations in DNAus&ge such as mutations
or allele deletions ( Frisco and Choi ,2002).

Understanding the patterns of DNA methylation tlgtouhe interaction

with nutrients is fundamental, not only to provigeathophysiological

22



Chapter one Literaturereview

explanations for the development of certain disgaset also to improve the
knowledge of possible prevention strategies by fgodj the nutritional

status in risk — populations (Niculescu and Zei2@(2).

1.4.7- Studying DNA methylation by means of animalcell

culture:

Animal cell culture is defined as growth of cellssibciated from the
parent tissue by spontaneous migration or mechaoioanzymatic dispersal
(Doyle et al., 1990). It has become an indispensable technologgany
branches of the life sciences where it provides lbsis for studying the
regulation of cell proliferation, differentiationnd cytotoxic measurements
(Davis, 1994).

Two major advantages were implied in this technglthge control of the
physicochemical environment (pH, temperature, osmptessure, © and
COztension), and the physiological conditions, whicighm be kept constant
by supplementation of the medium with serum or otheorly defined
constituents (Honet al., 1975).

During propagation, a precursor cell type will teandoredominate, rather
than a differentiated cell; consequently a celltwwal may appear to be
heterogenous, as some cultures such as epidermainkeytes (Freshney,
1994). While, other cultures, such as murine fikasts, contain a relatively
uniform population of proliferating cells at low midties of a bout (10
cell/cnf) ( Masters ,2000).

However, the choice of the cell type, the sourcésstue and whether it is
normal or neoplastic were all dependent on thetoprebeing asked about the
ability to survive and proliferate, differentiatecathe interactive nature of
growth control (Masters, 2000).
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1.4.7.1- Techniques of mammalian cell culture:

The manner in which mammalian cells are cultivatedies widely,
depending not only on the requirement of the célld also upon the
applications in culture (Barnes and Sato, 1980)mktalian cells, however,
are more sensitive to their environment for beargé cells not protected by a
hardy cell wall, and its nutritional requirements anore complex (Freshney,
1983). The mammalian cell in vivo is not free ligjnt is dependent upon a
circulatory system that has developed to ensurerexigely regulated
homeostatic environment (Maramorosch, 1983).

There is an abundance of different cell type thaiear to have special
requirements for growth and function in vitro , huhost normal animal cells
require specially treated and charged surfacesdtactive attachment as a
monolayer and for growth (Kahet al., 1964). On the other hand, the medium
IS probably the most important factor in the manatece and growth of cells
(Freshney, 1983).

Kruse and Paterson (1973) demonstrated that tmerecauniversal guide
lines for the selection of medium, serum, or grovattors for a given cell
type. For most cell lines, it was recommended ttelts be kept in the
medium to which they are accustomed (MaramorscB3)19

However, growth curves can be done for each seéahas, determining
lag time, generation time, and cell density atststionary phase (Kruse and
Paterson, 1973).

Since there are numerous media used in mammalikncdéure, the
medium environment must satisfy more than justnieitional requirements
of cells (Barnes and Sato, 1980).

Proper osmotic pressure is one parameter that istansed by the
appropriate concentrations of salts and glucoseraviells from different
species vary in their ionic requirement (Freshii©g3).

While, the pH of most biological fluids is maintashnear neutrality, most

cells survive at a pH range between (6.8 and h@)ever, the pH in most
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media is controlled by a combination of dissolvgdsses (Sodium
bicarbonate buffer system) and product of metabwby the cell (especially
lactic acid) (Barnes and Sato,1980). In additiosparce of carbohydrate is
necessary in cell culture medium to supply an gneaurce and the most
common source of carbohydrate is glucose , butratienosaccharide (for
example, galactose) can also be used

(Feder and Tolbert, 1983). Moreover, amino acids raquired for cell
growth and function; and most animal cells hawapecific requirement for
13 amino acid (Arginine, Cysteine, Glutamine, Histe, Isoleucine, Leucine,
Lysine, methionine, phenylalanine, threonine, toyiane, tyrosine, and
valine) and only the L forms are utilized (Freshné&p83).

On the other hand, vitamins are used as cofactorsell metabolic
functions. In certain cell types, such as bonéscakcorbic acid is important
for growth and function (Bindermast al., 1974).

Peehl and Ham (1980) showed that, vitamins and mastrals required
by cells in culture are provided by the serum iditoin to the growth factors
and proteins are a major component of serum, i@y serve as carriers for
minerals, fatty acids and hormones (Barnes and $88D).

As with media, there are no universal guidelinastii@ addition of sera
for a specific cell type (Feder and Tolbert, 1983).

Generally, trial and error methods are employeddiect the serum best

suited for the growth and function of cells (Maraosch, 1983).
1.4.7.2- Types of cultivated cells:
1.4.7.2.1- Fibroblast cells:

Fibroblast cells are the most common cells presentendons and

ligaments, they also occur in the embryonic conwmectissues (Saladin,
1998). Fibroconnective tissues are generally resghrals the weeds of the

tissue culture garden (Freshney, 1994). They sermost mechanical and
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enzymatic explanation techniques and may be cudture many of the
simplest media, such as Eagle‘'s basal medium (ldbaln, 1975).

Fibroblast cells have been isolated from many iffetissues such as the
vascular connective tissues of the blood vesseldd@@rg, 1977), from
embryonic and a dult tissues (Reiffal., 1979).

Cultures of hamster, mouse and chick embryonicobilasts could be
prepared by many techniques such as, (Mechanicstgdegation or by
enzymatic desegregation using enzymes such asaoldarm trypsin or
collagenase (Freshney, 1994). Generally, fibrobtatis were characterized
as large, flat cells with slender branches; inussections, they often appear
tapered at the ends (Saladin, 1998).

Therefore, they produce the fibers and ground anbstthat together form
the matrix connective tissue. Masters (2000) demnatesl that, human,
hamster and chick embryonic fibroblast cell culsumeere morphologically
distinct from mouse fibroblast cells, as they assuspindle — shape at
confluence producing a characteristic parallel gssd cells distinct from the
pavement — like appearance of mouse fibroblasts.

However, the conformation of fibroblast like ceils vitro required the
identification of the appropriate markers such akagen typel and Thyl
antigen (Freshney, 1994).

Kruse and Paterson (1973) reported that, oncetareulvas initiated, it
needed a periodic medium change followed eventuafl\subculture if the
cells were proliferating rapidly. However, the fisibculture gives rise to "a
secondary subculture" and the secondary to “aatgriubculture” and so on,
which referred to by the term “the passage number".

Doyleet al., (1990) showed that, normal fibroblast cell linehaved with
a limited culture fife — span (finite cell lineshé were grown for a limited
number of passages (6-12 passages). In additions H94) showed that,
normal fibroblast cells were characterized by theontact inhibition
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“phenomenon which was designated by motility cessaif cells, membrane
ruffling and reduction of growth when confluenceswaached.

Holly et al., (1978) noticed that, the reduction of normal cghlswth after
confluence was not solely due to contact of eathwith the other, but it also
involved reduced cell spreading, depletion of mumis and, particularly the
growth factors in medium. However, fibroblast celiltures could be
transformed spontaneously or by viruses or chesmiisalthat, they loss the
property of density limitation and reach to higleetl density in the plateau
phase than their normal counter parts (Waterm&%Rk4)L

Aaronson and his colleges (1970) showed that, flamged mouse
3T3fibroblast cells and human fibrosarcoma cellsenable to form colonies
on confluent monolayer.

On the other hand, Kuriharcuch and Green (1978galddcthat, it was
possible to transfer cells from one lineage to la@otinder certain conditions.
Such transdifferentiation was confirmed in the $fammed cells such as
mouse 3T3 fibroblast cell line that was inducing Byazacytidine to
differentiate into mycocytes, adipocytes and choogtes (Jones, 1979).
While, this case has been rarely confirmed for tleemal fibroblasts
(Masters, 2000). Table (1.1) implies some of tldformed cells properties
(Freshney, 1994).
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Table (1.1): Properties of transformed cells

Characteristics

Transformed cells

Growth characteristics

D

Immortal

Loss of contact inhibition high plating efficiency
low serum requirement growth factor independen

Genetic properties

High spontaneous mutation rateeuploid,
Heteroploid Overexpressed oncogenes dele
suppressor genes

Structure alterations

Modified actin cytoskeletarsd of cell-surfac
fibronectin increased lectin agglutination modif
extracellular matrix altered cell adhesion molesu
disruption in polarity

_(D(IJ
D O

Neoplastic properties

Tumorigenic and Invasive eased protease
secretion

Examples

Mouse 3T3 cell line, 10T1/2 fibroblast ek

1.4.7.2.2- Plasmacytomas:

Plasmacytomas are solid tumors of malignant plasetia similar to those

found in the bone marrow (Wood and Philips, 2003).

While, plasma cells are the fully mature end-stegjein the clonal B-cell

development and their chief function is to secmreteunoglobulin (Hoet al.,

1986), plasmacytomas appear to arise from cellsigpeed in such away

that, they can produce only a single molecular tgbeimmunoglobulin

(Byrdeet al., 1997).

Thus, plasmacytomas are of monoclonal origin on basis of the

homogeneous immunoglobulin that each tumour prasi(@ederson, 1970).
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Spontaneous plasmacytomas in mice occur rarely, e been
encountered several times in many strains (Pd886).

Dunn (1957) described Spontaneous plasmacytoimaiswere developed
as inflammatory lesions underlying ileocecal mutodeer in aged (3H mice
strain, spontaneous plasmacytomas were developedrathe bone marrow
(57BL / KaLwRij mice strain and were indicatedhagh incidence in many
other strains of mice such as ( BB/ ¢c; NZB; DBA /2 ; A/ He; A/ LN;
C57BL / He and SWR). (Goldstet al., 1966; Yamadaet al., 1969 and
Rapailleet al., 1993).

However, Rapaillest al., (1993) demonstrated that, the most commonly
used induction system of plasmacytomas in mousethes peritoneal
plasmogenesis, which is evoked by the intrapera@bmeroduction of poorly
metabolized materials such as paraffin oils (Pptt®87), or the pure alkanes
that are the components of these oils such astingris(2,6,10,14-
tetramethylpentadecane) (Anderson, 1970), siliceh(Botteret al., 1992)
and solid Lucite objects (Anderson, 1970). Thesentsyinduce chronic
inflammatory reactive tissues in peritoneal conwedissues and are the sites
where plasmacytomas develop (Po#eal., 1985).

Four biological features of the peritoneal plasniaggnesis are the:-

1. Immortalization in vitro where they can produce toamous cell lines
with an infinite life-span (Potter, 1997).

2. Lossof contact inhibition and grow on confluent molayers
(Andersoret al., 1970).

3. Anchorage independence as a result of cell surfacodifications
(Farhangi, 1986).

4. Deficiency in hypoxanthine guanine phosphoribosyhnsferase
(HPRT-ve), which makes the cells resistant to hgmbixine,
aminopterin, and thymidine (HAT) medium (Dean an@niord
1984).
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Morphologically, plasmacytomas are usually roundetls of different
sizes when they are single; while monolayers comgbad different sizes of
rounded cells and short epitheloid cells whichaatkered to the tissue culture
flask surface, and upon confluence, the cells wewee rounded and loosely
attached to the vessel surface (Rapadleal., 1993). However, tumour
transplantable cell lines such as, plasmacytomasisually quite stable and
maintain the continuous production throughout mgagerations (Farhangi,
1986), for example, the oldest immunoglobulin —ducing tumour cell line
(Myeloma cell line X5563) has been in nearly combins passage since 1957
and is still producing the immunoglobulin (Potéeal., 1985).

Plasmacytomas have been most useful in providirsplace for large
guantities of homogeneous immunoglobulin which banisolated from the
serum, ascites or urine of the syngenic mice tdansgd with these tumors
(Anderson, 1970). Silvaet al., (1997) demonstrated that the use of
plasmacytomas as an example of malignant cell pgadicular experimental
and theoretical interest because these neoplastscare successfully adapted
to the in vitro conditions and could be sub cultufer more than sixty
passages (Farhangi, 1986). In addition, plasma@gonprovide an
experimental model system for the screening ofcantier drugs (Rapaillet
al., 1993).

While all drugs in medical oncology have intrackfutargets that are
usually well characterized, thus, "target theraggyteserved for agents that
have been selected or, in some cases engineergdetfere with a specific
molecular target that is central to malignant b&rayWood and Philips,
2003). The best example of targeted therapy caom &gents that interfere
with enzymes in the single transduction pathwayd tdould disrupt normal
regulatory signals causing malignant behavior agl5-azacytidine) (Wood
and Philips, 2003). As the dynamic properties df calture (Proliferation,
differentiation and nutrient utilization) are samees difficult to control, and

the complexity of cell interactions found in vivarcbe difficult to recreate in
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vitro, there have been numerous attempts to usedadry animals to study

the effects on the original tissue or organs (Mas000).

1.4.8- Studying DNA methylation in vivo using the \ite mouse:

Many investigators used the white mouse as thedahorganism to study
the carcinogenic and mutagenic effects of many girog various organs
(Kevin, 1973 and Kuroda, 1997).

Laboratory mice were used as active in vivo and/itro systems that
resembled the human on many levels especially ergémetic one where a
simple similarity was noticed between the human ambuse set
chromosomes (Goodenough, 1978). Therefore, therésalts obtained from
studying those laboratory animals were relayedoorinfimans (Tic and Levtt,
1985; Preston et al., 1987). Furthermore, the development of transgenic
mouse technology, together with the well- establisgenetic background of
the mouse has added further impetus to the seteofionouse as a favorite
experimental animal (Beddington, 1992).

Although, almost all mouse organs were subjected etdensive
investigations by many workers (Pestal., 1992 and Kuroda, 1979). The
complexity and functional importance of the mouseale and female)
reproductive organs, (the physiological and cytmalprocesses taking place
during their development) had attracted much ater{Clermont, 1972).

1.4.8.1- Mouse male reproductive system:
1.4.8.1.1- Testis:

Germ cells migrate to the gonadal ridge and wereethinto the medulla

by the primary sex cords, formed from the coeloapéhelium, to form the
germinal epithelium of the somniferous tubules @1afL987).

In most strain of mice, fetal testes are recodnedy the 13 days of
gestation (Whittingham and Wood, 1983). Testes aval organs (Snell,

1984). The outer part consists of a thick, whitermxtive tissue capsule.
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Extensions of the capsule project into the inteoiothe testis and divide each
testis into lobules.

The lobules contain seminiferous tubules, in wisperm cells develop.
(Seeleyet al., 1996). Delicate connective tissue surrounding tileules
contains clusters of endocrine cells called "inieas cells" or cells of
“Leydig" which secrete testosterone (Snell, 1984e seminiferous tubules
empty into a tubular network called the "rete &stlThe rete testis empties
into (15 to 20) tubules called efferent ductules] ¢he efferent ductules exit
the testis into the epididymis where the spermsasbintinue their maturation
and develop the capacity to swim and the abilitita to the oocyte (Seeley
etal., 1996).

1.4.8.1.2-Spermatogenesis:

Spermatogenesis is the formation of sperm cellsel(S11i984). Before
puberty, the testes remain relatively simple anchanged from the time of
their initial developmentAt the time of puberty, the interstitial cells isase
in number and size, the seminiferous tubules eelaagd spermatogenesis
begins (Seelegt al., 1996). The seminiferous tubules contain germ cells and
Sertoli cells (Kellyet al., 1984). Sertoli cells are large cells that extemadnf
the periphery to the lumen of the seminiferous kepthey nourish the germ
cells and produce a number of hormones (Hafez,)1987

Germ cells are scattered between the Sertoli ¢8iisll, 1984). The most
peripheral cells are spermatogonia, which dividecbugh mitosis; some
daughter cells produced from these mitotic divisioemains spermatogonia
and continue to divide by mitosis, other daughteflsc from primary
spermatocytes, which divide by meiosis (Seetegl., 1996).

A primary spermatocyte contains (40) chromatiden@eld, 1978). Each
primary spermatocyte passes through the first meemitzision to produce
secondary spermatocytes, each secondary spernegaaytiergoes a second
meiotic division to produce two smaller sex celédled "spermatids"”, each
having (20) chromosomes (Orlandaal., 1985).
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After the second meiotic division, the spermatiddergo major structural
changes to form sperm cells (Eddy, 1988). Muchhaf tytoplasm of the
spermatids is eliminated, and each spermatic dpsedohead, middle-piece,
and flagellum (tail) to become a sperm cell or sppzoon (Garner and
Hafez, 2000). The nucleus of the cells, just aatetdo the nucleus is the
vesicle called the "acrosome”, which contains erzynthat are released

during the process of fertilization (Seektyal., 1996).
1.4.8.1.3- Hormonal control of spermatogenesis:

The process of spermatogenesis takes place attaincéme which is
characteristic for that particular species (Clerm@@72). Hormones can alter
the number of spermatogonia advancing through sgegenesis, but they do
not affect the rate at which the process occursd{&y, 1984).

Combhair (1988), reported a two axis's hormonal wmntof the
spermatogenesis process involved:- (1) Hypothalamigpophysial-
seminiferous tubule and (2) Hypothalamic — hypopys Leydig cells
achieved through a number of hormones namely (@bs&inizing hormone
(LH), the follicle stimulating hormone (FSH) andtaesterone.

The prime site of action of (LH) is the leydinglselvhere it regulates the
testosterone secretion (Guyton, 1987). While, theng site of action of
(FSH) is the Sertoli cells where it stimulates #heslls to secrete the (ABP)-
Androgen-Binding- Protein and stimulates the matotctivity of the
spermatogonia (Ganog, 1997). However, the secraifo(LH) and (FSH)
from the anterior pituitary gland is influenced dyange of factors including:
the negative feedback effect of the testosteromentwoe as well as, the
influences of drugs and chemotherapeutic agenisé€Pet al., 2003).
1.4.8.1.4- Sperm cells:

Spermatozoa (the male gametes) are contained withisemen which is

the liquid cellular suspension secreted at ejaeuiaim the accessory organs

of the male reproductive tract (Garner and Hafép032.
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Fully formed spermatozoa are elongated cells cbngisof an oval,
flattened head containing highly compact chromatoemprised of
deoxyribonucleic acid (DNA) complexed to a specialss of basic proteins
known as (sperm protamines) (Clermont, 1972). Theereor end of the
sperm nucleus is covered by "the acrosome", a thouble - layered
membranous sac that is layered over the nucleusgltine last stages of
sperm formation (Eddy, 1988). This cap-like struetuwhich contains
acrosin, hyaluronidase, and other hydrololytic eney, is involved in the
fertilization process.

While, the tail of the male gamete is composedhef neck, middle,
principal, and the end piece which contains thdrakaxoneme responsible
for sperm motility (Flechon, 1981). The entire spatozoon is covered by

the plasma membrane (Garner and Hafez, 2000).

1.4.8.1.5- Semen quality and infertility:

Sperm motility is one of the most important crigenf semen quality,
because the sperm must be motile to pass throwghitdrus and Fallopian
tubes of female genital tract to achieve fertili@atof oocyles in ampulla
(Zaneveld, 1978). Macleod and Wang (1979) stateak, tithe sperm
concentration is meaningless unless sperm maosligfso taken into account.

However, the ejaculate may be considered abnorfngk i50%) of
spermatozoa showed a decrease in sperm motilitychwis also called
"asthenozoospermic semen" sample (Lindemann andusai989).

Moreover, Colleu and his co-workers (1988) showdtht,t the
spermatozoa from asthenozoospermic samples magavaaterized by their
defective concentration, motility and morphology addition to their relative
nuclear immaturity. Therefore, asthenozoospermiaars indication of
significant reduction in sperm motility and malefenility. The cyclic
adenosine mono-phosphate (CAMP), Calcium and adendsphosphatase
(ATPase) and energy source play an important rolemodulating the

functioning of the flagellar axoneme (Lindeman dtahous, 1989). Liu and
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Baker (1992) indicated that, the sperm motility elegs on a flagellum, which
develops the propulsive force for swimming.

The motility of sperm from proven fertility indivichls are faster
significantly than values measured for infertileiinduals (Shuxianggt al.,
1990). Zaneveld (1978) indicated that, the ademosiphosphate (ATP) was
generated by the metabolic events that take placéhe cytoplasm and
mitochondria of the midpiece. In addition, Amedaal., (1980) demonstrated
that, ATP was necessary for the contraction of dllagn and the
concentration of cCAMP determined the frequency led flagellar beating.
Moreover, the concentration of CAMP has been shtavimave effects on
sperm metabolism, motility and fertilization (Aitket al., 1986).

On the other hand, Calcium ions {€ahas multiple actions on sperm
metabolism, it produces a change in flagellar dumea changing the
swimming pattern to the tumbling hyper activatettqra, the second action is
antagonistic cAMP and gradually deactivates mutilivhich influences
capacitation, acrosome reaction and gametes fiBitkian et al., 1989 and
Tarlatziset al., 1993). Spermatozoa develop the capacity of mptilitthin
epididymis (Hass and Beer, 1989). Hinton and he®asates (1979) observed
that, the spermatozoa first become maotile in thmutaf the epididymis, and
subsequently acquired the capacity to move inaduad direction in the distal
regions of the epididymis. It has been noticed, ttiet sever asthenospermia
and / or sever oligospermia are most often assmtiaith the exposure to
chemotherapeutic agents (Francawtial., 1990).

A study confirmed that, the spermatozoa with normalphology swim
faster than abnormally shaped sperms (Zaneveld)1@ther study showed
that, strict morphology to be an important prediadbsub fertility (Berne and
Levy, 1988, and Krugeat al., 1986).

It has been suggested that, the increase of abhtesiain the
asthenozoospermia is of testicular origin duringrspatogenesis spermatozoa

from asthenozoospermic samples, may be thus baatkared not only by
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their defective concentration, morphology and ntgtibut also by their
relative testicular abnormality (Collestial., 1988).

Siegel (1993) found that, the reduced percentagmaatility with a high
percentage of non-viable sperms may predict stractor metabolic
abnormalities of sperm that are derived from abmditres in testicular

function or cytological anomalies.

1.4.8.2- Mouse female reproductive system:

The female reproductive organs consist of the esaruterine tubes,

uterus, vagina, and mammary glands (Seetlel., 1996).
1.4.8.2.1- The ovary:

The ovary, unlike the testis, remains in the abdamicavity, and it

performs both an exocrine (egg release) and endocriunction
(steroidogenesis) (Beek and Boots, 1974). The pnetint tissue of the
ovary is the cortex and the primordial germ celte rextragonadally and
migrate through the yolk sac mesentery to the genidges (Whithingham
and Wood, 1983). The shape and size of the ovagyhath with the species
and the stage of the estrous cycle (Hafes, 198&hd mouse female, ovaries
lie ventrally just below the Kidneys within transpat ovarian capsules where
a narrow, tunnel — like passage connects the pmmalvspace with the

peritoneal cavity (Hafez, 1987).
1.4.8.2.2- Oogenesis:

The formation, development, and maturation of #radle gametes begins

early in embryonic life but is not completed uniile time of ovulation
(Whittingham and Wood, 1983). The primordial germalls give to a
definitive population of oocytes which remains imetprolonged resting
before ovulation (Smith and Engle, 1975).

The fetal ovary can be distinguished from the fetatis by the thirteenth
day of gestation; unlike the arrangement of malangeells in testicular
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cords, the female germ cells are scattered thrattghe stroma of the gonad,
with some of the somatic cells oriented in rowsdsulding the ovary into
several compartment (Guyton, 1987). At this timetosis ceases, the
oogonia undergo a final DNA replication and enteionis, and over the next
couple of days they pass through loptotene, zygotmmd pachytene and
finally reach the dictyate stage by 5 days postisatSmith and Engle, 1975).
Austin and Short (1972) reported a detailed accotihtstological changed in
the ovary from the tenth day of gestation to dgpStpartum.

Although development of the germ cells in an indipal is almost
synchronous, the timing of oocyte development gabetween strains. The
majority of oocytes of CBA mice have reached thetydite stage at birth
(Beek and Boots, 1974).

A close association between the oocyte and sonua&fis commences
shortly before birth (day 18 of gestation), witke tformation of primordial
follicles which consist of a single layer of folllar cells surrounding each
oocyte.

The initiation of follicular growth from the poolf @rimordial follicles is
continuous throughout the reproductive life of tiemale. Follicular
maturation takes place in (10 — 17) days reachdgbstovulatory stage, and
it was found that, the follicle growth was sequaingo that, those follicles
starting to grow continuous until ovulation occum; in the absence of
sufficient gonadotropin, the follicle becomes atr¢gmith and Engle, 1975).

Remarkably, few female germ cells complete oogere®d are ovulated.
The majority were eliminated by the degenerativapss Known as "atresia"
which takes place continuously throughout oogenasts persists until the
ovaries were finally depleted of germ cells at¢hné of the reproductive life
of the female (Ganog, 1991).

On the other hand, ovulation, the climax of follamumaturation was found
to occur approximately (12 hrs) after the spontasesurge of the leutinizing

hormone (LH) resulting in the follicle rapture atite release of the oocyte
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(Whittingham and Wood, 1983). It was found thatjlation was spontaneous
in mice and strains differed in the timing of owda (Smith and Engle,
1975).

The number of eggs ovulated in each cycle was appately constant
within a strain and was dependent on the duratiohoomonal stimulation
rather than an absolute levels of plasma FSH (Gatgy).

1.4.8.2.3- Estrous cycle:

Mouse females were characterized by cyclic evanisvary reflected in
the behavioral, physiological and anatomical changé estrus cycle
(Whittingham and Wood, 1983). The estrous cyclelassically consists of
four stages: proestrus, estrus, metestrus andudgstafez, 1987).

Estrus is characterized by sexual receptivity wtienfemale will allow
copulation, in the mouse, estrus lasting, to 15rfias characterized by
behavioral changes in the presence of another n{®esk and Boots, 1974).

Smith and Engle, (1975) had reported that, vagepithelium undergoes
well — marked changes during the estrous cycléan éstrus is characterized
by qualifications and cornification of the cells dardisappearance of
leukocytes. During the 24 hours preceding the pgxtation, epithelial cells
become abundant and their size and degree of pykmosrease toward
ovulation (Harris and Naftolin, 1970).

The vaginal smear is thus an excellent indicatdhefstage of the estrous
cycle. Hafez (1987) declared that, during the a&cpart of the estrous cycle
(proestrus and estrus) animals called “in seasbimése periods usually occur
at intervals of 4 to 18 months, the time and regiylaf each interval being
and individual and breed characteristics (Gay, 196mwever, table (1.2)

shows the characteristics of the sexual cycleboratory mice.
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Table( 1.2 ): Main characteristics of sexual cycleof laboratory mice

according to (Hafez , 1987).

Length Viabilit
Ovulatory : of Duration | Time of y
: Species Cycle type : of ova
mechanism cycle | (hours) |ovulation
(hours)
(Days)
SpontaneousMouse | Polyestrous 4 - 5|9 -20 |2 - 3|10 - 12
ovulation (any time ) hrs from
estrus
onset

1.4.8.2.4- Fertilization and embryo development:

After sperm cells are ejaculated into the vagireeytare transported
through the cervix, the body of the uterus to therine tubules where
fertilization occurs; then the development of thebeyo begins after the
implantation of the fertilized egg in the uterusafBw and Sherman, 1972).
Gardner (1972) had noticed a deviation in the dmmknt time of the
embryos based on the considerable differences batvgtrain he used.
However, Whiltingham and Wood (1983) classified tlevelopmental stage
of the mouse embryos from (days 9-19) accordirtglite (1.3).
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Table (1.3): Staging of mouse embryos of hybrids bseen CBA
males and C57/ BL/ 6 females.

Gestation Days Developmental stages Length (mm)
9 Posterior neurophore, auditory pit 1.2-25
10 Limb buds. Short tail stump 3.1-39
11 Long tail 5.0-6.0
12 Forefoot and hindfoot plate 7-9
13 gr;tﬁarlior footplate indented. Marked 9-_11
14 Fingers separate distally in forefopt 11-12
15 Toes separate 12 -14

Reposition of umbilical hernia,
16| neatis ekin winked, Eyelids | 1417
closing
17 Fingers and toes joined together 17-20
18 Long whiskers 19 - 22
19-21 Birth (strain dependent) 23 - 27
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1.4.8.2.5- Hormonal control of the estrous cycle:

The physiological and behavioral changes associati¢l the estrous
cycle depend upon a complex integration of pityitavarian and probably
adrenal hormones under the integrative controhefhypothalamus (Harris
and Naftolin, 1970). The alteration of light andldaontrols the timing of
events in the cycle (Whittingham and Wood, 1983).

In outline, the ovarian follicles ripen and the gi@s within them mature
under the influence of FSH and LH (Beetsal., 1975). Increasing estrogen
levels during proestrous induce the spontaneoudatmry surge of LH
(Harris and Naftolin, 1970). After rupture of thalicles estrogen levels fall
and corpora lutea are formed but, in the absena®iais, it remains largely
inactive; with estrogen and progesterone levels, IB&H and LH secretion
increases and the cycle is repeated (Whittinghaoh \Alood, 1983). The
findings of Austin and Short (1972) indicated thaticular fluid contains a
nonsreroidal substance which acts together withogsh to control FSH
secretion. However, when considering the précigmgnof hormonal events in
the mouse’s cycle, the animal's environment mustcbasidered, since
external influences have a profound effect on teine of the cycle (Beees
al., 1975).

It was found that, mammalian embryos developmemiired a multitude
of sequentially, genetically ordered steps befbesembryo was fully formed.
Therefore, embryos were prone to intrinsic congémitalfunctions (Jackson,
1974) and were susceptible to interference by wuariextrinsic agents
(Wilson, 1973). Among the nongenetic agents that adversely alter the
development of the mammalian embryo or fetus arenpially scores of
chemicals. Laboratory screening experiments havewishthat, many
chemicals have malignant effects on the unborn (s, 1972). A drug
may produce Its noxious effect either on the fetus, on the maternally

influence extra-embryonic environment;, Thus, theiots drugs could
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perpetrate their teratogenic effects by causingritrarial deficiency,
inhibiting enzyme and altering cell membrane fumctior furthermore by
interfering with the mitotic apparatus, nucleicdametabolism or the DNA
methylation (O’'Neill, 1998).

1.5- Chromosomes and development:

Mammalian may be exposed to different kinds of iegic factors that
could affect their normal development through thduiction of chromosomal
abnormalities (Brach and Hart, 1978). These faatordd be physical agents
such as (Ultra violet light or X-ray) or they coubd numbers of chemical
compounds that have the ability to defect the mlusomes (Caranet al.,
1979). One of the most important chromosomal ababties is the structural
abnormalities called (sister chromatide exchang&)Sthich is known to be
a manifestation of DNA damage and misrepair leadinthe damage of the
chromosomes (Latt al., 1981). Sister Chromatide exchange abnormaliies i
seemingly related to mutagenesis (Sasaki, 1982),rpmotogical
transformation induction in mammalian cells by was, physical and
chemical carcinogens (Popescu and Diapolo, 1982 tlze teratogenecity of
many chemical agents (Karm, 1982).

In recent years, more attention has been devotetutly the relation of
sister chromatide exchange occurrence with heatith disease (Rabbits,
1994). Shubber and his partners (1991) had condirmetheir study that,
BALB/c mice showed spontaneous frequencies ofrsigteomatide exchange
and chromosomal aberrations in bone marrow celislwivas increased due
to the effect of a number of carcinogens, whiclsealcryptogenic damage.

Other studies made also by Shubkeml., (1985) and Shubbest al.,
(1999), showed that, sister chromatide exchangechramosomal aberration
could resulted from the effect of DNA damaging agewhich caused DNA
strand breakage in the treated mice leading t@mermalities (Shubber and
Salih, 1988). On the other hand, chromosomal abalites in tumors were

recognized at the end of the twentieth century their significance has only
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recently became clear (Mange and Mange, 1999)tamas found that, cancer
might result from somatically acquired genetic aies) sometimes associated
with inherited predisposing mutations (Rabbits, 4)99There are many
cytogenetic changes that may lead to cancer deweop including:
deletions, translocations and inversions (MangeMandge, 1999).

Others have reported consistent defects in dozérdifferent cancers.
These defects included: translocations associatéth ‘eukemia and
lymphoma, deletions or missing pieces, which ocsusolid tumors such as
lung and kidney cancers and extra — chromosomeshwivere linked to
various other tumors (Gold, 1983). On the otherdhamutrition researches
had highlighted the role of several nutrients imgulating the genome
machinery (Frisco and Choi, 2002). A number of mitas and micronutrients
are substrates and /or repair and the expressiogenés (Fenech and
Ferguson, 2001). It has been documented thatef@eahcy of such nutrients
may result in the disruption of genomic integritydaalteration of DNA
methylation; Thus, linking nutrition with modulatioof gene expression
(Robertson and Wolffe, 2000).

The discovery of polymorphic enzymes involved inical steps of nucleic
acids metabolic pathways together with the chemmaffeaitic agents had
contributed insights to the production of abnormblomosomes and the

expression of defective phenotypes (Frisco and ,(Z0d2).

1.6- Major technigues to study DNA methylation:

The techniques used to analyze DNA methylationbmadivided into two
categories: one of which leads to sequence - uifgpeesults (sequence —
unspecific methods), and the second technique sllavprecise location of
some or all of the methylated sites within a giM@NA target sequence
(sequence- specific methods) (Jost and Saluz, 1993)

The first category of the analysis techniques cdwddused to analyze
different modified bases and to quantify them iroeganism, organ or tissue,

but it doesn’t provide any information about thee@se location of the
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modified site within the given genome (Sasial., 1980), into this category
fall the immunological (Achwaét al., 1984), the chromatographic (Wagner
and Capesius, 1981), the electrophoresis #wab., 1980), and the enzymatic
hydrolysis of the target DNA (Forét al., 1980). Another sequence —
unspecific approach involves the use of methylatiosensitive restriction
endonucleases where different digested genomic BM&re compared upon
separation by gel electrophoresis (Adams and Byrti@gb).

However, methylation sensitive restriction enzymes often used for a
comparison of the resulting DNA restriction fragreerdy Southern blot
analysis (Bird and Southern, 1978), which allows éimalysis of about 10%
of all potentially methylated sites of a given gewo This procedure has,
however, certain draw- backs in that, hemimethglddNA‘s often remain
undetected (Gruenbauehal., 1981). Some investigators had applied (RAPD-
PCR) technique to study DNA methylation (Jost aralug 1993). This
technigue was based upon the fact that, a shgoralicleotide or randomly
chosen sequence (primer) of usually 10- bases, whmgad with genomic
DNA (template) and a thermostable DNA polymerasaq(jpolymerase) and
subjected to the temperature cycling conditionsP&R will allow the
amplification of several DNA fragments (Inng al., 1990; Dennis — Lo,
1998). Singer — Samt al., (1990) had applied this technique for methylation
studies by cleaving the total DNA to completionhwmethylation — sensitive
restriction endonucleases for example Hpall, andnduthe RAPD-PCR
reaction, primers will bind randomly to the DNA @raents allowing the
exponential amplification products were then sejearan agarose gels and
detected by ethidium bromide staining (Jost andZ%4dl993).

Furthermore, new techniques were recently developetiich
circumvented chemical cleavage reactions, basedisulfate — induced
modification of the genomic DNA under conditions ex cytosine was
converted to uracil and the 5- methylcytosine remdiunchanged (Jost and
Saluz, 1993).
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The target sequence was then exponentially angblifsgng PCR reaction
and strand - specific primers. Upon sequencinghef amplified DNA, all
uracil and thymine residues become detectable psirle and only 5-
methylcytosines as cytosine; by a comparison ofntbdified sequence with
the unmodified one it became possible to analyeenathylated cytosines.

Another interesting approach was also developedstiody DNA
methylation involved in the use of polyacrylamida glectrophoresis for the
analysis of the cytoplasmic proteins of the bréiwer, kidney and in some
cases spleen and testis of rat and mouse (Commjack, 1972). On the
other hand, the detergent (sodium dodecyl sulphai®$) has long been
recognized as a powerful protein denaturant andbda@ing agent, which
induces conformational changes in proteins at lowcentration (Steinhardt
and Reynolds, 1969). Several workers had found #t&DS concentrations
higher than (1.4 g) of detergent would bind to (f)protein, resulting in a
complex with rod-like shape, the length of whisfaries uniquely with the
polypeptide molecular weight (PitRivers and Impiombato,1968; Reynolds
and Tamford, 1970). From the non- specific natdré® binding of SDS to a
wide variety of proteins, representing many différstructural types, it can
be inferred that, complex formation requires comfational changes of
similar character, with each complex formation tegg conformational
changes of similar character, with each complexrigaa uniform type of
structure (Westermeiet al., 2001). SDS binds readily to proteins in constant
ratio, producing complexes with constant chargeungrmass (Shapiret al.,
1967). This fact explains the findings of Weber @=born (1969), in which
they had reported that, proteins could be dissoimgaigh concentrations of
SDS exhibited electrophoresis motilities in polyd@mide gels which were a
direct function of their sub- unit molecular weighThe technique of SDS —
PAGE, has been rapidly grown in popularity and aonemic method for
determining protein sub-unit molecular weights ard requires only

microgram quantities of protein (Westermeseal., 2001).

45



Chapter Three

Results

3.1- Establishment of fibroblast cell culture:

3.1.1- Detection of the estrous cycle and the estabment of

mating colonies

The onset of puberty in the mouse female occurs fbout four weeks
onward after birth (Whitingham and Wood, 1983).

In this regard, about thirty females $Wissalbino strain were selected
in the age of eight weeks old and attempts wereenadetect their estrous
cycle - events where results of repeated vaginabssndivided the estrous
cycle of the experimental females into a sequelfideur phases as shown
in figures (3.1a, b, c, &d).
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a- Proestrus phase

Figure (3-1): The sequence of mouse female estrotycle: a-Proestrus,
b-Estrus, c-Metestrus and d- Diestrus phases. Slidavere stained with
(0.05%) methylene blue and examined under (40x) obgtive of a light
microscope.
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Therefore, the viability maintenance of the cudtuequired a periodic
medium change every (three to five) days of incabafollowed by a
subculture at the ninth day of incubation.

Table (3.1) summarize various feature of the itetlafibroblast — like
cell culture obtained through this work, which wgisen the name of
“fibroblast-like AME11D1/2cell culture” where, AMBD1/2 was the
abbreviation of (Asal ,Mouse Embryo, Dissectechatdage of 11 .5 days of

gestation).

Table (3.1): The profile of the fibroblast like AME 11 D1/2 cell culture

Animal Mouse

Scientific name Mus musculus

Strain Swiss albino
Tissue Embryonic
Age 11.5 days old

Disagregation method

Primary explants techniques

Selective medium

RPMI 1640 + 10%FCS

Passage method

Trypsinization

Morphology

Fibroblast like cell

Life span

Finite, 6-7 passages

Classification

Normal non transformed cells

Established by

Asal Aziz
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3.1.3- Effect of different media or the seeding affiency and

cell morphology of mouse fibroblast-like and

plasmacytoma SU99 cell cultures:

Two types of cell cultures were used to certaindfiect of three types
of media on the growth of two mouse cells culturaspnormal non —
transformed fibroblast — like and a transformeduwel of plasmacytoma
SU99 cells. Measurements of seeding efficiencyicatpand atypical cell
morphology, were considered as parameters for gsesament of the
biological performance of the used mediaree types of media were used
(medium RPMI 1640, Eagle’s minimal essential medianmd medium

199).Figure (3-5) demonstrated the difference engbeding efficiencies.

1200000+
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800000+

—— RPMI 1640
—8— Fagle's MEM
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400000+

200000+

Figure (3.5): Growth of fibroblast- cells on RPMI 1640 and Eagles

minimal essential medium.
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The observed seeding efficiency of RPMI 1640 medwas (98%)
While, the seeding efficiency that was calculat@dcells grown on Eagle’s
minimal essential medium for seven days accordinthé same equation
was (85%). Thus, the difference in the seedingiefficy between the two
types of media used in this study was (10%). Thfer@nce in the seeding
efficiency might indicate that, RPMI 1640 mediumsamaore efficient in
supporting the growth of fibroblast-like cell cules, in comparison with
the results obtained from cells grown on Eaglersmmal essential medium.

On the other hand, the growth of plasmacytoma St&Bcultures in
RPMI 1640 medium or Eagle’s minimal essential medidemonstrated
lower difference between the seeding efficienciesudated. The obtained
results showed that both RPMI 1640 medium and Eagiaimal essential
medium had almost the same efficiency in supporting growth of
plasmacytoma SU99 cells. Calculated seeding effitigidor plasmacytoma
SU99 cells grown on RPMI 1640 medium was (98%), &l seeding
efficiency of plasmacytoma SU99 cells cultivatets85%).

Accordingly, the obtained results concerning tredugs of seeding
efficiencies of both media showed a slight differeif (3%) only.

Thus, it was possible to conclude that both médid showed almost

same biological performance in the assessmenashmcytoma SU99 cells
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growth. Figure (3-6) showed the effect of both medn the growth of

plasmacytoma SU99 cells.
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Figure (3-6): Growth of plasmacytoma SU99 cells oRPMI 1640

and Eagle’s minimal essential medium.

On the other hand, medium 199 did not support tbevtip of either type
of cells. This was indicated by the absence ofaxditierence to the substrate
of the tissue culture flasks.

Morphological examination of the fibroblast - likeell cultures grown
on RPMI 1640 medium or Eagle’s minimal essentialdine showed

features of typical cell morphology of both celbés.
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Figure (3-7) showed the typical cell morphologyPtdsmacytoma SU99

cells grown on RPMI 1640 medium.

Figure (3-7): Morphology of plasmacytoma SU99
cell cultures grown on RPMI 1640 medium for
seven days. Cells were examined at (40K)
objective of an inverted microscope and werg

stained with Giemsa stain.

The careful examination of plasmacytoma SU99 ceflghis figure
showed adherent fibroblastic, bipolar, short ceith different sizes.
While, some other cells appeared multipolar, witlgke centric nuclei,

while other cells were binucleated.
At higher densities, plasmacytoma cells showedt&paof a multilayer

growth and cells were independent of contact irioibi
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3.1.4- In vitro effect of the treatment with 5-azagtidine on the
fibroblast—like AME11D1/2 and the plasmacytoma

SU99 cell cultures:

3.1.4.1- Cytotoxicity measurements:

3.1.4.1.2 Short term- viability assay

Ninety-six well tissue culture plates were usedrisure the toxic effect
of 5-azacytidine on both types of cells where @atgic effect was
reflected by different concentrations of 5-azadpdon the viability of the

cultivated cells as table (3.2) shows.

Table (3.2): Cytotoxic effect of different concentations of

5-azacytidine on fibroblast like and plasmacytom&U99 cells.

Azacytidine concentration Optical density of Optical density of
(ng/ul) fibroblast cells plasmacytoma cells

250 0.20 0.235
125 0.22 0.25

62 0.24 0.27

31 0.26 0.29

15 0.276 0.30

7 0.29 0.31

3 0.30 0.325

1 0.32 0.34
0.9 0.34 0.36
0.5 0.36 0.38
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3.1.4.1.2- Long term- Survival assay:

Cultures of fibroblast — like and plasmacytoma Sd88s were seeded
in a density of (100 cell/ ml) and were treatedwdtfferent concentrations
of (0, 1, 3, 5 and 7 uM) of 5-azacytidine wherel aehibition was
determined by observing the decrease in the vadfigdating efficiency
which were fixed with methanol and stained with iGsa stain after seven
days of incubation.

The plating efficiency was determined by scoring humber of single
cells counted under the inverted microscope, aadlisewere expressed as

a percentage of cells plated as it was demonstnat@dble (3.3).

Table (3.3): Cytotoxic effect of different concentations of 5-azacytidine
on the plating efficiency of the fibroblast- like aad the plasmacytoma
SU99 cells. Cultures were seeded at a density o0(QLcell / ml) and were
incubated at 37°C and 5% CQ for seven days.

Concentrations of Plating efficiency %
S-azacytidine Fibroblast like Plasmacytoma
(LM) cells SU99 cells
0 100 100
1 45 65
3 21 37
5 3 16
7 0 )

It could be noticed that, different concentratiarfs5-azacytidine had
toxic effect on both types of cells, where by thhwdblast-like cells were
more sensitive to the toxic effect of 5-azacytidthan the plasmacytoma
SU99 cells. This was evidenced by the decreaskeémumber of viable-
death percentages of fibroblast-like cells cultlaksarious concentrations

of 5-azacytidine.

94



Chapter Three Result
3.1.4.2- In vitro effect of 5-azacytidine on the awth

characteristics of the fibroblast-ike and the

plasmacytoma SU 99 cell cultures:

One of the interesting effects observed on fibrsiblike cells after
treatment with concentrations of (0,1.3,5,7&9uM¥e&zacytidine beside
the cytotoxic effect of the drug on the cells , vaaseffect on their growth
characteristics represented by the loss of theradhg ability of the treated
cells. In other words, those cells which survivee treatment couldn’t
produce monolayer and cells remained single witlomurtacts with each

other as shown in figure (3.8).

Figure (3.8): Morphology of fibroblast — like celb
cultivated on RPMI 1640 medium for two weeks
after their treatment with (1 uM) of 5-azacytidine
for 24 hours. Cells were stained with Giemsa andgl
examined under (40x) objective of an invertec

microscope.

This figure showed cells with the following morpbgical characteristics:
1- Cells grown after treatment appeared single.
2- Various shapes of cells were observed; they rabgégdeen long

bipolar fibroblastic, short bipolar and roundedsel
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3- Cells were different in their length which rangestviieen (2.5-0.2

um) as compared with the untreated cells length thaged
between (3-8 pum).

4- No monolayers were observed after two weeks ofvation on
RPMI 1640 medium.

On the other hand, Plasmacytoma SU99 cells treaitid(0, 1, 3, 5, 7,
and 9 uM) concentrations of 5-azacytidine produseldcultures with the
following characteristics:

1- Cultures appeared as single cells.

2- Cells were almost equal in their size which wasualqd pm),
shaped as short bipolar fibroblastic with an eatemtuclei as
shown in figure (3-9).

3- No monolayers were observed after two weeks ofvaiibn on
HAT-medium.

Figure (3-9): Morphology of plasmacytoma
SU99 cells on HAT-medium after treatment
with (3 uM) of 5- azacytidine cells were stainec
with Giemsa and examined under (40x)

objective of an inverted microscope.

However, Treatment of the plasmacytoma SU99 cedficiént in
hypoxanthine-guanine-phosphoribosyltransferase(HRRA 5-azacytidine
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produced cultures that were (HPRT- positive) arlth aeere able to grow

on HAT- medium.The average number of HPRT- positiels observed
was dependent on the concentration of 5-azacytidsexl as table (3.4)
shows:
Table (3.4): Average of HPRT-positive plasmacytomaells produced
after treatment with (0, 1, 3, 5, 7&9 uM) of 5-azagtidine.

Azacytidine Average of reverted
concentration(uM) cells %

0 0

1 60
3 87
75 45
7 28
9 5

It was possible to notice two important phenomeranfthe careful
examination of the results of this table: first was (Tumor cell reversion
process) where a number of plasmacytoma cells &aerted to the wild
type phenotype after their exposure to differenhcemtrations of 5-
azacytidine. On the other hand, a second impopghahomenon was also
detected (The hermetic effect), where the conceatraof (3uM) of 5-
azacytidine scored the higher rates of reverteds céhrough the
hypomethylating activity of this agent when it wiasorporated into the
DNA and prevented the subsequent interaction of DNtA DNMTase that
in turn resulted in the activation of the (HPRT-genWhile the higher
concentrations of 5-azacytidine brought up cytatogffects rather than
inducing higher rates of reversion due to the héoreffect so that, cells
reached probably to a degree of saturation thatimosease in the 5-

azacytidine concentrations will be cytotoxic rattiean hypomethylating.
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3.2- In vivo effects of 5-azacytidine and folic adi on white

mice:

Healthy, adult mice males and females were assigmé@atments with
5-azacytidine or folic acid, three times a weekdorweeks. Animals were
examined every morning during the time course eftteatments for signs
of toxicity such as: hair fall, laziness, faintnes&l hemorrhage.

It was found experimentally that, all males anddés had survived the
six weeks treatments of (8mg/kgbody weight) of &eytidine or (0.1
mg/kg body weight) of folic acid.

Table (3.5): Dose and duration time course of anintgl treatment

with 5-azacytidine and folic acid

Treatment | Dose/treatment Duration Animal/group
5-azacytidine 8mg/kg 18treatments/6weeks 7
Folic acid 0.1mg/kg 18treatments/6weeks 7

3.2.1- In vivo Effects of 5-azacytidine and folic @d treatments

on mice body weight:

The results in tables(3.6)and(3.7) indicates tinagtment with (8mg/kg
body weight) of 5-azacytidine had resulted in ahhigsignificant decrease
(p < 0.001) in the final body weight values oflbatreated mice males and
females animals compared with the body weight &aluef the control
group. While, treatment with folic acid revealet@n-significant increase
(p>0.05) in the final body weights.

98



Chapter Three Result
Table (3.6): Effects of 5-azacytidine on mice bodwyeight.
Azacytidine Treated Treated Control males Control
concentrations| males body | females body body females body
weight/week | weight/week | weight/week | weight/week
0 24 23.55 24 23.5
0.6 24 23.35 24 23.5
1.2 23.9 23.22 24 23.5
1.8 23.7 23.14 24 23.5
2.4 23.5 23.10 24 23.5
3.0 23.2 22.98 24 23.5
3.6 22.9 22.95 24 23.5

It could be noticed from this figure that, treatedles with 5-azacytidine
had lost about (95.41%) of their body weights & é&md of the treatment

course compared to the body weight values of th@rabgroup .While,
mice females had lost about (97.65%) of their badyghts at the end of

the treatment course. Thus, it was suggested rthet females were more

sensitive to the cytotoxic effects exerted by thez&cytidine on mice body

weight than males. While figure (3.10) shows noeeffof folic acid

administration on mice body weight.

@ Control
B Females
O Males

Figure (3.10): Effects of folic acid administrationon mice body weight.
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3.2.2- In vivo effects of 5-azacytidine and folicad treatments

on mice male reproductive organs:

It was suggested through this work that, a numbergerm cell
abnormalities were detected in a series of testratrioss-sections could be
the result of the treatment for six weeks of micaas with (8mg/kg body
weight ) of 5-azacytidine. The possible effectsev&nown in figure (3.11).

b- Abnormal seminiferous tubule with vacuoles.
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c- Abnormal wide seminiferous tubule with giant cdl
formation (arrow).

#‘ 1 i g i i TR . l :ul N .
Sloughing of the immature germ cells into the
seminiferous lumen (arrow).

Figure (3.11): Effects of 5-azacytidine o

the testes histology of mice males. Paraffi
embedded cross sections of both right an
left testes stained with hematoxylin an

eosin, viewed under the (100x) objective

a light microscope.
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A detailed examination of this figure showed a nemif abnormalities
which was included: the formation of vacuoles gufie (3.11b), formation
of multinucleated giant cells with wide tubule ingdre (3.11c),
degeneration of the tubule in figure (3.11d) anoughing of immature
germ cells into the lumen in figure (3.11e).Therefdreatment of males
with 5-azacytidine had caused a disorganizatiomhefgerm cells in the
seminiferous tubule.

In addition, a deleterious effect of 5-azacytidathministration was also
recognized on the major features of the epididysparms and results were

shown in table (3.7).

Table (3.7): In vivo effects of (8mg/kg body weight) of 5-azacytidine
administration for six weeks on the epididymal spans of the treated
mice males.
Sperm characteristics Control group 5—azac>gir(2|)il:1§ treated
Motility Excellent (95%) Good (70%)
Concentration (sperm /ml) 6*10° 4*10°
Viability 95% 75%
Morphological abnormalities 10% 50%

Evaluation of the results shown in this table haindnstrated that,
treatment of mice males with 5-azacytidine produeatous effects on the
epididymal sperms including the major featuresnodtlity, concentration,

viability and sperm morphology).
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Determination of the percentage of motile sperniscel the semen
specimen was critical in the evaluation of the semaality. The results
obtained after the intraperitonial injection of (@tg body weight) of

5-azacytidine for six weeks had revealed a deere&$25%) in sperm
motility when compared with the control group.

Also, the reported results showed a decrease @&.@RO sperm/ml) in
the sperm concentration of the 5-azacytidine tcegteup, when compared
with the sperm concentration of the control grotigure (3.12) shows the

in vivo effect of 5-azacytidine on sperm concentration.

b

Figure (3.12): In vivo effect of (8mg/kg
body weight) of 5-azacytidine treatment
for six weeks on the testes histology (f

mice males. Paraffin-embedded cros

JJ

sections of both right and left testes
mounted on slides, stained with
hematoxylin and eosin, viewed under the

(100x) objective of a light microscope.
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Moreover, this study revealed that, there was anease in the percentage of
dead (red colored sperm head due to eosin stder)taéatment with 5-azacytidine
when compared with the control group.

Morphological analysis of sperms was an importagteat in the assessment of
sperm function. The obtained results showed aneas® in the percentage of
morphologically abnormal sperms after treatmenhv@tazacytidine.Morphological

abnormalities was shown in figure (3.13b-i).

a- Normal sperm morphology of about (7mm) in length.

Figure (3.13): Effects of 5-azacytidie asperm morphology.

104



Chapter Three Result

c- Abnormal hammer sperm head.

d-Vacuolated sperm head with short sperm tail (5mm)|
in length.

e- Abnormal microcephaly tapered sperm head.
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f- Abnormal adherent head, microcephaly tapered
(right) and abnormal tail, dancing cup (left).

g- Abnormal coiled tail piece.

h- Abnormal short tail (4mm) in length.

i- Acephaly with cytoplasmic extrusions and coiledail.

Figure (3.13):In vivo effect of (8mg/kg body Weight) of 5-
azacytidine on sperm morphology in mice. Specimenp
stained with eosin-nigrosin stain, examined under4Qx)

objective of a light microscope.
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Results of table (3.8) on the other hand, represktite percentage of

the epididymal sperm abnormalities observed afteemmale exposure to

5-azacytidine.

Table (3.8):In vivo effect of (8mg/kg body weight) of 5-azacytidine on
the morphology of the epididymal sperms of treateanice males in (200

slides) stained with eosin-nigrosin stain and examed under (40x)

objective of a light microscope.

Frequency in 100 slides

Sperm morphological

abnormalities 5-azacytidine | Control
Treated group| group
Acephaly 1 1
Microcephaly 1 _
Adherent head 10 4
Bent head 5 _
Hammer head 3 _
Tapered head 5 _
Vacuolated head 1 _
Total head defects 26% 5%
Coiled tail 17 3
Short tail 7 2
Talil defects 24% 5%
Total defects 50% 10%
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On the other hand, the data obtained from figurd4(3 that represented the
results of the histological examinations of testssected- out from animals treated
with (0.1 mg/kg body weight) of folic acid had reded that, the organization of the
germ cells in the seminiferous tubules examined nesaffected by the treatment of

the mice males with this vitamin.

Figure (3.14): In vivo effect of (0.1mg/kg

<

body weight) folic acid on testes histology
Paraffin —_embedded cross-sections stained
with hemotoxylin and eosin .Examinations
were made under (40x) objective of a light

microscope.

Moreover, epididymal sperms were also been sulgecienvestigation
under the light microscope in order to evaluate dffect of folic acid on
sperm’s major functions and table(3.9) shows theulte of these

examinations.
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Table (3.9): In vivo effect of (0.1mg/kg body weight) of folic acid
administration for six weeks on the epididiymal spams of the treated

mice males.
Sperm characteristics Control group Folic acid treated
group
Motility Excellent (95%) | Excellent (95%)
Concentration 6+10° 6.551CF
(sperm /ml)
Viability 95% 95%
Morphological abnormalities 10% 10%

However, the careful examination of this table Ipadsibly indicated
that, treatment with folic acid had no effect om ttmajor features of the
epididymal sperms. In addition, results of figuB16) showed that the
concentration of sperms was also not affected eyrdatment.

e

Figure (3.15): In vivo effect of (0.1 mg/kg body
weight)of folic acid on the numbers of sperms in 3
microscopic field of unstained specimen, examineg

under (40x) objective of a light microscope.
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3.2.3- In vivo effects of 5-azacytidine and folicad treatments

on mice male fertility rate:

The effects of then vivo treatments of mice males with 5-azacytidine
or folic acid on their fertility was assessed byedmining the ability of
males to mate with females scored by detectinglings in female’s vagina

for the next two mornings. The data were showngare (3.16).

O Fertility rate %

N A O

Pregnancy rate %

1 2 | 3
Breeding groups
Figure (3.16):In vivo effects of 5-azacytidine and folic acid on the félity rate

of the treated males reflected by the percentage @regnant females. Where
(1) = control, (2)= 5-azacytidine, (3)= folic acid.

Results of this figure showed a reduction of (23.1¥he fertility rate
of the treated mice males with (8 mg/kg body weigtft 5-azacytidine,
where only (22 mice females) were detected to begmant within a
breeding group consisted of (30 mice females matigd 20 mice males
treated with 5-azacytidine) indicating that, pasdrrexposure to 5-
azacytidine could possibly affect the fertility #adind the percentage of
pregnant females.

On the other hand, it was found that, paternal sy to (0.1 mg/kg
body weight) of folic acid did not affect the féitif rate where all the

females in the breeding group were recorded pragmaen compared with
the control.
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3.2.4- In vivo effect of 5-azacytidine and folic ad treatments

on the mice females’ pregnancy —out come:

An investigation was carried out to study the d@feaf pregnant mice
females exposure to either (8 mg/kg body weightp-azacytidine or (0.1
mg/kg body weight) of folic acid on the embryo deysnent and the
pregnancy —out come.

Table (3.10) shows the in vivo effects of 5-azaliye on the pregnancy
—out come in a breeding group consisted of fifggorant mice females (25-

control and 25-pregnant mice females treated witlzd&cytidine).

Table (3.10):In vivo effect of intraperitonial injection of (8mg/kg body
weight) of 5-azacytidine on the pregnancy —out comef fifty pregnant
mice females, administrated at the (7 -10") days of pregnancy.

Examination items Control 5-azacytidinetreated
females (n=25) females (n=25)

Corpora lutea counts 175 175
No. of implantation site 170 170
No. of resorption 5 12
No. of viable fetuses 169 160
Preimplantation losses 5 12
post implantation losses 1 10

" Preimplantation losses and post implantation lossdncrease.

The results of this experiment had revealed tha#, ihjection of the
pregnant mice females with (8 mg/kg body weightbatzacytidine at their
(78" 9" and 1¢) days of gestation was harmful to the embryos wiaer
increase in the embryo lethality was recorded dobbdue to the increase in
the pre-implantation and post-implantation lossE®gnized in the breeding
group of the 5-azacytidine treated pregnant miceafes when compared

with the control breeding group.
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On the other hand, the investigation of folic agifiéct on the pregnancy

—out come was determined through the oral admatistr of (0.1 mg/kg
body weight)of this vitamin during the (3®Bdays of gestation which was
followed by heat treatment for (8.5 minutes in dav®ath at 43C).

Table (3.11) shows the results of folic acid adsthaition on the
pregnant females following heat exposure withirreeding group of forty

pregnant mice females.

Table (3.11):In vivo effects of oral administration of (0.1 mg/kg body
weight) of folic acid on the pregnancy-out come ofmice females
following heat treatment for (8.5) minutes in a wagr bath at 43 °C.

Control group Folic acid group
Examination items | N heat | Heat | No heat| Heat
(n=10) | (n=10) | (n=10) | (n=10)
Corpora lutea count 72 71 70 73
No. of implantation site 68 69 67 71
No. of resorption 4 2 3 2
No. of viable fetuses 66 37 66 70
Preimplantation losses 4 2 3 2
Postimplantaion losses 2 32 1 1

" Postimplantaion losses increase.

However, data of this table demonstrated thatetposure of pregnant
mice females to heat treatment at their eighth afagregnancy probably
had induced an increase in the rates of post -amtglion losses where (32
embryos) were lost in the breeding group that kexkiheat treatment only

without the supplementation of folic acid. On théney hand, only one
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embryo was lost in the breeding group where thgmaet mice females had

received oral administrations of folic acid priordaafter the heat treatment
which probably indicated that the supplementatibfobic acid prior heat
treatment had reduced the deleterious effects isf leatment on the

pregnancy-out come.

3.2.5-Teratogenic effects of 5-azacytidine treatmé

In this experiment, both parents were treated wW&hmg/kg) of 5-

azacytidine and mating colonies were constructad table (3.12):

Table (3.12): Treatment of mice males and femalesitiv (8mg/kg)

5-azacytidine and formation ohating colonies.

Mating colony _ Mice male Mice female
Animal/group
No. treatment treatment
1 7 (8mg/kg)azacytidine (0.1ml )D.W
2 7 (0.1)D.W. (8mg/kg)azacytidine
3 7 (8mg/kg)azacytidine| (8mg/kg)azacytidine
4 7 (0.1)D.W. (0.1)D.W.

Results of these mating colonies were shown iretéhll 3):
Table (3.13): Teratogenic effects of 5-azacytidnenamice pregnancy

Out-comes and new borne.

Mating colony number Pregnancy out-come
1 Normal
2 *Malformed
3 All dead
4 Normal
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However, figure (3.17) shows the result of tShatiment of both parents

with 5-azacytidine where a malformed new borne Itedu with
macrocephaly, cleft palate and abnormal limbs whiich not survive for

more than two days.

Figure (3-17): teratogenic effect of 5-azacytidieromice

3.2.5- In vivo effects of 5-azacytidine and folicad treatments

on the chromosomes of the mouse bone marrow cells:

This experiment was carried out in order to ingegt the effects of the
administration of either 5-azacytidine or folic d@n the chromosomes of
the somatic cells of the treated mice bone marResults shown in figure
(3.18) indicated that, there was a significant éase (p < 0.05) in the
mitogenic activity of the chromosomes of the trdateice bone marrow
somatic cells when compared with the mitogenicvagtiof the control

group.

@ control M1%
B Treated M1%

MI %

Azacytidine concentration

Figure (3.18):In vivo effect of intraperitonial administration of (8 mg/kg body weight)
of 5-azacytidine on the mitoticactivity (Ml %) of the chromosomes of the treated nice

bone marrow somatic cell{Mean + SD)
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On the other hand, results shown in figure (3.@%)ich were obtained
following the oral administration of (0.1 mg/kg bodeight) of folic acid
revealed a non-significant increase(p > 0.05hm mitotic activity of the
chromosomes of the bone marrow somatic cells. Iditiad, no
morphological abnormalities were detected in thangred chromosomal

preparations taken from the treated animals wilic cid.

o Control Ml %
@ Folic Acid MI %

MI %

o N M O OO

Folic Acid Concentration / weel

Figure (3.19): In vivo effect of (0.1 mg/kg body weight) of folic
acid oral administration on the mitotic activity (M| %) of the

chromosomes of the treated mice bone marrow somatoell.
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3.2.6-In vivo effects of 5-azacytidine and folicad treatments

on the genomic DNA methylation pattern and the

cytoplasmic protein content of the mouse liver:

3.2.6.1- The effect on the genomic DNAmethylationaptern of

the liver cells in vivo :

A-DNA isolation from mouse liver:

Genomic DNA was extracted and purified from mouseerl cells
according to the procedure described by Sambebak, (1989). Suitable
guantities of approximately (120-150 mg/ml) of DN¥ere isolated from
about (1 g) of liver tissue. DNA concentrations andity measurements
were estimated by measuring the absorbance of N fom each liver
sample at (269-280 nm) wave lengths. Results wereis in table (3.14).

Table (3.14): Spectrophotometer measurements of DNéoncentrations
and purity of four liver samples where (sample 1=aatrol, sample 2=5-

azacytidine, sample 3=folic acid) treated mice livs.

Samples Al A2 Purity EONnﬁ ngtwecm
(260 nm) | (280 nm) | Al/A2 ' '
mg/ml mg/ml
Sample 1 0.865 0.483 1.79 37.037 | 94.527
Sample 2 0.675 0.412 1.637 27.597 128.85
Sample 3 0.86 0.48 1.78 36.83 93.998
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It could be noticed from this table that, the rdieiween the readings at
260nm and 280nm, (OD260/0D280) which provided amasion of the
purity in the liver samples had the values of (1.f&® the control sample
and (1.78) for the folic acid sample respectivdifhereas, the DNA purity
values of the 5-azacytidine sample was (1.64), ciwkvas lower than the
values of the control and folic acid samples prdpdiecause the DNA was
heavily contaminated with (5-azacytidine ) subsésnthat might absorbed
the Ultraviolet irradiation and therefore impededcwate analysis

(Sambroolet al., 1989).

B - DNA digestion with (Hpall and Mspl) restriction enzymes

Equal concentrations of DNA’s from the three liveamples were
digested with (5ul) of each enzymes of Hpall or Mspl. The digested
products were analyzed on a gel of (1.6%) of agacosicentration and the

results were shown in figure (3.20).
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Figure (3.20): Gel pattern of mouse liver DNA (10ug)
treated with either Hpall or Mspl restriction enzym es
and incubated over night at 37 °C. Where, (lane C)&n
cut control DNA, (lane CH)= control DNA + Hpall
(2units)), (lane CM)= control DNA +Mspl(2 units)), (lane
A )= un cut 5-azacytidine DNA, (lane AH)= 5-azacytline
DNA + Hpall (2 units)), (lane AM)= 5-azacytidine DNA +
Mspl (2units)), (lane F)= un cut folic acid DNA, (&ne
FH)= folic acid DNA + Hpall (2 units)), (lane FM)= folic
acid DNA + Mspl (2 units) with DNA marker of lambda
DNA Pstl digest., Mixtures were stained with ethidim

bromide and photographed.
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Careful examination of this figure showed the foliog results:

1-

Lanes (C& F) showed single DNA fragments with a ecalar
size of (5.077 kb) where (lane C) represented tiutuDNA of
the control liver sample and (lane F) representeduncut DNA
of the folic acid treated liver sample.

Whereas, (lane A) that represented the uncut DNAhef 5-
azaytidine treated liver sample showed the distigiouof two

DNA fragments with the molecular sizes of (11.49% &.077
kb).

Moreover, lanes (CH & FH) showed the distributidrivao DNA

fragments with the molecular sizes of (11.497 aral/B kb),
digested with (2 units) of Hpall methylation seivatrestriction
enzyme.

While, (lane AH) showed the distribution of a fragmh with a
molecular size of (11.497 kb) with another smeaagiinent of a
probable molecular size of (5.077 kb).

On the other hand, lanes (CM & FM) showed the ithstion of

three DNA fragments with the molecular sizes of.49%, 5.077
and 4.507 kb) produced after DNA digestion withu(fts) of the

methylation non-sensitive Mspl restriction enzyme.
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6- While, the same distribution of DNA fragments thaias

recognized in (lane AH) was also detected in (laNg.

However, table (3.15) shows the results of digestmth Hpall and
Mspl restriction enzymes and the size distributodrthe DNA fragments

more clearly as follows:

Table (3.15): The size distribution of DNA fragmens digested with
Hpall and Mspl for DNA samples isolated from livers treated with (5-
azacytidine A and folic acid F) compared with the DIA of the control

(C), (+)= presence of the fragment, (-)= absence thie fragment

5-azacytidine : :

Marker Control lanes lanes Folic acid

Lambda lanes

Pst |

o™ | ol cH|cMm | A |aH |"aM | E | FH | FM
11.497 | - + + + + + - + +
5077 | + | + + + + + + o+ +
4749 | - - + - - - - - +
4507 | - - + - - - . . +

"Differences in the restriction enzyme digestion pagrn.
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C-Randomly amplified polymorphic DNA-polymerase chan reaction
analysis’"RAPD-PCR":-

In this study, six random primers of decamer oligdaotides were

screened for RAPD-PCR analysis of the predigest¢d’®with Hpall and
Mspl restriction enzymes. Table (3.16) shows theusace of the primers

used.

Table (3.16): Sequence and GC -ratio for a number fodecamer
primers used in RAPD-PCR analysis

GC ratio Sequence Primers
6:10 5-TGCCGACACTG-3 OPA-02
6:10 5-TCGGCGATAG-3 OPA-12
7:10 5-CAGCACCCAC-3 OPA-13
6:10 5-CCTTGACGCA-3 OPB-12
7:10 5-ACCCGGCTCAC-3 OPD-20
6:10 5-AGATGCAGCC-3 OPE-7

However, results obtained from the RAPD-PCR ansalysing these
primers were classified into two categories:

In the first category, no amplified products wemteatted, inspite of
repeating the number of experiments using diffengmmers (OPA-02,
APA-12, OPA-13, and OPB-12 & OPD-20), the same Iteswere

obtained.
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On the other hand, the second category of RAPD R Bplification

products were obtained using the primer (OPE-7)ereha reasonable
degree of DNA polymorphism was detected among the fiver DNA

samples as it was manifested by figure (3.21).

Figure (3.21): Amplification products of RAPD — PCR using
primer OPE-7 of DNA samples digested with Hpall andMspl
restriction enzymes.Where, (lane C)= un cut controlDNA,
(lane CH)= control DNA + Hpall (2units)), (lane CM)= control
DNA + Mspl (2 units)), (lane A)= un cut 5-azacytidne DNA,
(lane AH)= 5-azacytidine DNA + Hpall(2 units)), (lane AM)=
5-azacytidine DNA + Mspl (2units)), (lane F)= un cufolic acid
DNA, (lane FH)= folic acid DNA + Hpall (2 units)), (lane FM)=
folic acid DNA + Mspl (2 units) with DNA marker of lambda
DNA Pstl digest. Mixtures were stained with ethidium bromide

and photographed
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Result

Moreover, the results detected in this figure shibwieree forms of

banding pattern analyzed according to Williaghal ., (1990) as follows:

1. The presence or absence of DNA bands.

2. Difference in the molecular size of the bands.

3. Difference in the intensity of the amplified bands.

Table (3.17) describes the results more clearly:

Table (3.17): The size distribution of DNA fragmens pre-digested with

Hpall and Mspl restriction enzymes and amplified wth RAPD —PCR
using the primer OPE-7

Marker Lambda Azacytidine | Folic acid
Pstl Controllanes lanes lanes
Kb C[CH[CM |A* [as [aw | F| FH | FM
11.497 - - - - - - -] - -
5.077 +| - - S I S N -
4.749 +| - SO I S B B 2 B -
4 507 +| - + + | + | + |+ - +
2.838 + | + + + | + | + |+ + +
2.560 + | + + + |+ | + |+ + +
2.459 + | + + + |+ | + |+ + +
2.443 - - -+ o+ -] -] - -

"Polymorphism.
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3.2.6-Effects of the treatments on mouse liver cyptasmic

protein contents:

The comparison between the cytoplasmic proteinesdstof the liver
samples treated with (5-azacytidi, methotrexatefahd acid) was allowed

using (SDS-PAGE) shown in figure (3.22).

1{2] 3] 4

Figure (3.22): SDS-PAGE of mice liver cytoplasmig
protein samples where, (lane 1) = control, (lane 2)
5-azacytidine treated liver sample, (lane 3)= folig

acid treated liver sample treated liver sample.
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Results of this figure suggested that, produci$aofe 1) electrophoresis
had represented the normal phenotypic compositioth® mouse liver
cytoplasmic proteins where this lane representedititreated liver sample.

While, electrophoresis products of (lane 2) shoveedjuantitative
increase in a set of two middle bands with a shgintation in the migration
rate or (Rm-value) of other bands.

A remarkable similarity was detected in the bandpajtern of the
cytoplasmic proteins of (lane 3) suggesting thHa, dene expression of the
liver DNA was not probably affected by these treatts. Therefore, the
same phenotypic composition of the cytoplasmicginstwere found in the
liver samples treated with folic acid.

However, table(3.18) was suggested according to iQysn and
Tack(1972)in which it was shown the difference he migration rates or
(Rm-values ) of the cytoplasmic proteins detected the sodium

dodecylsulphate polyacrylamidede gel technique.
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Table (3.18): The migration rates of the cytoplasnai proteins of mice
liver samples detected by SDS-PAGE, where (lane 1)ontrol, (lane

2)= 5-azacytidine, (lane 3)= folic acid cytoplasmiproteins.

Band no. | Lanel Lane 2 Lane3

1 4 4 4
2 8 10+ 12 8

3 16 16 16
4 24 28 24
5 32 32 32
6 42 38 42
7 56 56 56
8 70 70 70

"Additional two middle bands.
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Summary
In vitro and in vivo effects of 5-azacytidine on some developmental
aspects in mice.

Table (3.19)._Invitro effects of 5-azacytidine on somatic mouse cells.

Treated cell cultures assays Results

Fibroblast cell-short term viability, Cytotoxic

Fibroblast cell-long term survival Decrease plating effeciency

Fibroblast cell —differentiation state = Affect cellular phenotype

Plasmacytoma —short term viability Cytotoxic

Plasmacytoma long term survival ~ Decrease plating effeciency

_ o Induce reverse mutations and shiow
Plasmacytoma differentiation state _
hermetic effect on exposed cells

U

Table (3.20):_Invivo effects of (8mg/kg) of 5-azacytidine in mice.

In vivo system Results
#Male Affected by the treatment
Body weight Significantly reduced
Testes histology Histological abnormalities
Sperms Functional &morphological abnormalities
Fertility rate Reduced fertility rates
Chromosomes Increased mitotic activity
#Females Affected by the treatment
Body weight Significantly reduced
Pregnancy out-come Reduced &embryonic abnormalities
Teratogenic effects Malformed new borne
#Liver cells Affected by the treatment
DNA analysis Hypomethylating &genotoxic effects
protein analysis Drifted polypeptide chain migration rates
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Chapter Two
Materials & Methods

2.1- Materials:
2.1.1- Equipments:The following equipments were used throughout the
work:-
Equipment Company Country
Autoclave Tommy Japan
Balance (Analytical ) Mettler Switzerland
Bench — centrifuge M/ W Germany
Cooled incubator Sanyo Japan
Distillator Gallenkamp England
ELISA reader Organon Austria
Gel documentation unit Consort Belgium
Croaccroperess | Fiowgen | engane
Inverted microscope Microstar U.S.A.
Compound Light microscopg Olympus Japan
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Equipment

Company Country
Compom\j\?ig1 I_(i:%f:;(z/lri;roscop > Olympus Japan
Laminar flow hood Nap Flow France
"Microfuge Eppendorf Germany
Microtome Leica microsystem  Germany
Magnetic stirrer Hot plate Ceralnlzigemidi U.S.A.
Millipore filter unit Bed ford mass U.S.A.
cycle personal (PCR unit) Eppendorf Germany
Oven Gallen kamp England
e Yooty 1500 | usa
Power supply Techware 257/2 Germany
Refrigerator NRC Jordan
Refrigerated centrifuge Harier 18/80 England
Sterio microscope will DM3 Switzerland
Sensitive balance A&D Ltd. Japan
Spectrophotometer Schimadzo Japan
U.V. transilluminator UVITEC England
Water bath Memmert Germany
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2.1.2- Chemicals
The following chemicals were used during the work:-
2.1.2.1- BDH - England:

Ammonium persulfate, Crystal violet, Disodium phbafe, Ethanol,

Glacial acetic acid, Glycerol, Glycine, Neutral r&ulphoric acid, Sucrose,
Sodium azide, Sodium dodecyl sulfate (SDS), Sulghlos/lic acid,
Trichloric acid, Triethanol amine, Trisbase, Tri&H

2.1.2.2- Fluka - Switzerland:

Acetic acid, Boric acid, Chloroform, Calcium chide, Dithiotheritol

(DTT), Hydrochloric acid, Methylene blue, Magnesiwhloride, Mercury
oxide, Potassium chloride, Potassium hydroxide,ag®tm dihydrogen
phosphate .

2.1.2.3- LKB - Sweeden:
Acylamide, N, N —methylenbisacrylamide.
2.1.2.4- Operon — U.S.A:

Primer OPA — 13, Primer OPA — 12, Primer OPB —HArdmer OPD — 20,
Primer OPE - 7.

2.1.2.5- Promega — U.S.A:

Taq DNA polymerase, Polymerase chain reaction buffe

2.1.2.6- Samara druqg industry(SDI) — Iraq:

Amphotrecin, Benzyl — penicillin, Streptomycin.
2.1.2.7- Sigma — U.S.A
5- azacytidine, Agarose (type 1-B Low), Bromophebale — xylene

cyanole dye, Colcemide, Bromocresol purple, Cooendsilliant blue R —
250, Deoxynucleotide phosphate mixture, Disodiuethylendiamine tetra
acetic acid, Ethylene diamine bromide, Eagle’s iomadpowder, Fetal calf
serum, Folic acid, Formalin, Giemsa stain powdelicGse, Glycerin,
HEPES, Hypoxanthine aminopterine thymidine (HAT) dinen powder,
Hemodye powder, Methanol, Medium 199 powder; N,N,N,N—
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2.1.5.5.1- Giemsa stain solutian

This stain was prepared according to the procechertioned by (AL-
Attar et al., 1982). Giemsa stock solution was prepared by blisgp(1g) of
Giemsa powder in (3ml) of glycerin. The mixture wdaced in water bath at
(60 °C) for 2 hours with continouse shaking. Thé&6 ml) of absolute
ethanol was added to the mixture and the stocksteaed in the dark bottle at
room temperature.

For slide staining, Giemsa stock solution was diiuas follows:

About (1 ml) of Giemsa stock solution was mixed hw(tL.25 ml) of
absolute methanol, (0.11g) of sodium bicarbonat @® ml) of distilled
water. Then, the mixture was filtered through Watma.1 filter paper and

used immediately in staining.
2.1.5.5.2- Neutral red dye solution (0.4%):
This dye solution was prepared according to (Fresh®94) by dissolving

(0.01 mg) of neutral red powder in (100 ml) of dlistl water. Then, this dye
was either used directly in the short-term viapibissays or stored at room

temperature.

2. 1. 6- Solutions used in the animal experiments the study:

2.1.6.1- The solution of 5 - azacytidine (8mg / kmnouse body
weight):

This solution was prepared according to (Constadeset al.,1978)by

dissolving (0.2mg) of 5-azacytidine powder in (OILMRBS, sterilized by

filtrations and used immediately for intraperitdhjainjection of the

experimental animals.

2.1.6.2- The solution of folic _acid (0.5 mg/kg moas body
weight):

This solution was prepared according to (Hernaridiez-et al.,2000) by

dissolving (0.125mg) of folic acid in (0.1ml) ofdflled water, sterilized by

filtration and used immediately for the treatmehth@ experimental animals.
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2.1.6.4- Cytogenetic assay solution:
2.1.6.4.1- Colcemid solution (0.6%):

This solution was prepared according to (Freshta®94) by dissolving
(0.69) of colcemid in (100 ml) of HBSS stirred tsgblve and sterilized by
filtration, dispensed into aliquots of (20 ml) ameere stored at (4°C).

2.1.6.4.2- Phytoheamagglutinine (PHA) solution:

The PHA solution was prepared according to (Freghri®©94) by
dissolving (500 mg) of PHA powder in (100ml) HBS%rilized by filtration
and dispensed into aliquots of (20 ml) and weveest at (4°C).
2.1.6.4.3- Hypotonic solution (0.075M):

This solution was prepared according to (AL-Attetr al.,1982) by

dissolving:

KCL 1.1175¢9
D.W 200 ml

The stock solution was stored at (4 °C).

2.1.6.4.4- Fixative solution:

This solution was Freshly prepared according to-fatar et al., 1982)

and was made as a mixture of the following:-

Methanol 3 parts

Glacial acetic acid 1 part
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The pH of (Tris- base and EDTA) was adjusted t@)(&en mixed with

the other compounds.

2.1.7.2- Protinase K stock solution:

This stock solution was prepared by dissolving (2§) of protinase K
powder in (1 ml) of distilled water and stored-&0(°C).

2.1.7.3- Phenol: chloroform solution:

A mixture consisted of equal parts of phenol antbratiorm (1:1) was
prepared by mixing (250 ml) of phenol with (250raf)chloroform and the
mixture was stored at (4 °C) in a dark bottle aseldun a month.
2.1.7.4- TE buffer (pH8.Q:

Prepared by dissolving about (0.399) of Tris-bask @.73g) of EDTA in
(250ml) of distilled water stored at (4 °C).

2.1.8- Restriction Endonuleases —DNA digestion muxte:

According to (Singer-Sarrat al., 1989) the following materials were mixed

as follows:-

-:::::::--:::::::-R(:esrzt;)%r;]gi(;ure Concentration / reaction | Volume / reaction
Hpall enzyme 1U / Jug DNA 1.2l
Mspl enzyme 1U /1ug DNA 1.2l
DNA Samples 10ug 5.5ul
Restriction buffer 5% 4ul

2.1.9- Buffer and stain used in agarose gel elecpboresis:

The following solutions were prepared accordinght® method mentioned
by (Sambroolet al., 1989) as follows:
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This mixture was stirred on a magnetic stirrerdeveral hours to dissolve
the dye, and then dye was placed in a containgpedawith aluminum foll
and stored at room temperature.

2.1.10- RAPD — PCR amplification reaction componeist

2.1.10.1- Reaction master mix:

The following components were mixed together in5a @) eppendorf

tube according to (Sambroadt,al., 1989).

Reaction component Concentrat@on in the Volume in reaction
(Master mix) reaction
PCR-buffer pH (7.2) 10 X 2.5ul
dNTPs 10l 0.5ul
Taqg DNA polymerase 2U 1.5ul
Primer 10 p mol 1l
(dependent on DNA
DNA sample 25 ug concentration and
sample purity)

2.1.10.2- Primers used in PCR reactions:

The primers used in the RAPD — PCR amplificatioact®n had the

following sequences according to Operon company:-

Primers used DNA sequences
OPA-02 5-TGCCGAGCTG-3
OPA-12 5-TCGGCGATAG-3
OPA-13 5-CAGCACCCAC-3
OPB-12 5-CCTTGACGCA-3
OPD-20 5-ACCCGGTCAG-3

OPE-7 5-AGATGCAGCC-3

2.1.10.3-_Agarose gel (1.2%):
This gel was prepared for the analysis of PCR- diwglion products by

dissolving (0.48g) of agarose powder in (40 mIYBE buffer. The slurry
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2.1.11.10- Sample buffer (A):

This buffer was prepared according to (Laemmli, 9By dissolving the

following: -
Sucrose 849
Potassium chloride 0.22 ¢
Magnesium chloride 0.2g
Dithiotheritol (DTT) 0.015¢
D.W. 100 mi

2.1.11.11- Sample buffer (B):
According to (Janson and Ryden, 1998), this bulfes prepared by

mixing the following:

SDS 29
DTT 759
D.W. 100 ml

2.2- Methods

2.2.1- Sterilization methods:

Sterilization methods were carried out accordingLtevinson, 2004) as
follows:

2.2.1.1- Dry heat(Oven sterilization):

A laboratory oven was used for the sterilization géass wares and

dissection sets at (200 °C) for 2 hours.

2.2.1.2 — Steam sterilization(Autoclave):

Buffers and certain solutions were sterilized usthg pressure vessel
(autoclave) at (121 °C) and (15 pounds’) far 15 minutes.
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2.2.1.3- Filter sterilization:

Millipore filter unit with (0.45 pm) filter paper as used for the
sterilization of media, enzymes and some agent I{keazacytidine,

methotrexate and folic acid).

2.2.2- Management of laboratory animals:

Healthy, adult mice animals &wiss albino strain were obtained from the
animal house of Research center for Biotechnoldgyl-tNahrain University.
Five hundreds of mice animals were used in thidys{B00 females and 200
males), ranging in age between (8-12) weeks oldtlagid weight were about
(23- 259).These animals were kept in an air comditoom at a temperature
of (22-24 °C),with about (12 -14 ) hours of dayhligxposure. Animals were
housed in cages measuring (29 * 15 * 12 cm) anth sagen animals were
kept in one cage contained wooden shave. WaterFaedl composed of
(wheete, barely mixed with 250mg of milk powder)revdreely excess able
and animals were kept for at least two weeks faptation.Animal cages
were cleaned and sterilized with 70% ethanol oncevesk regularly

according to the procedure mentioned by (Small3).98

2.2.3- Vaginal smears

Estrous cycle was diagnosed by repeadgahal smears according to
the procedure of (Hafez, 1987) as follows:
I. One drop of sterile normal saline (8.5%) waacpld by loop in the vagina,
aspirated several times then, the mixture was feeamesl to clean slide.

ii. Few drops of (0.05%) of methylene blue dyepared by dissolving
(0.059g) of methylene blue in (100 ml)distilled wabeas placed over the
slide dried and washed with tap water then, shiee examined under
light microscope (40 x).

ii. Smears were performed daily between (9 A.M.J22 o’ clock) at noon

for at least two cycles.
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1 Cells were seeded ilfl.()4 cell/ml) in tissue culture flasks containing

(5 ml) Eagle’s medium.

li.  Then, 5- azacytidine was added in concentratior{$,d8 and 5 mM)

and flasks were incubated at €7for 24 hours.

iv.  Cells were washed after the Eagles medium was aatu@ ml) of

fresh Eagle’s medium was added and flasks wenacabated at

37°C for (14 days) with medium changed twice a week

V. Flasks were stained with Giemsa and examined fpr an

morphological changes.

2.2.7.3- Production of HAT — resistant plasmacytoas sub -

clones

The following procedure was described by (Mohandaal., 1981) as

follows:

Plasmacytoma cells were mechanically harvestedyifteyzed and
resuspended in (5 ml) of HAT - medium at a cell signof (10

cell /ml) incubated for three days at & and 5% C®

i. Another cell suspension was prepared in a cell iderd (10°

cell/ml) and cells were suspended in (5 ml) of RPIMAO medium
and flasks were incubated at 386G for 24 hours.

The agent 5- azacytidine was added to the cultu@ncentration
of (0, 1, 3, 7, uM) and cultures were incubated at G7for (24

hours).

. Cells were washed with sterile PBS and (5 ml) ofMRRL640

medium was added and flasks were re-incubated ‘4% &% three
days.

Then, medium was changed to (5 ml) of HAT- mediumd aells
were further incubated for 2 weeks at37with medium change

twice a week.
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vi. After 2 weeks of incubation, flasks were washechwRBS, fixed

with methanol, stained with Giemsa stain and ph@iplged.
2.2.8- Invivo treatments of the white mice:

2.2.8.1- Treatment of white mice with 5- azacytidie:
I. Forty adult males weighed (24-25¢g) and females kaxig(22-230)

of Swiss albino strain were selected, ranged in age between (8-12)

weeks old.

ii. Animals received intraperitonial injections of (0rl) of, PBS (n=
10 mice / group) or of (8, 10 mg/kg) of 5-azacwyted(n = 7 mice
/group), three times a week for 6 weeks accordin@birier,et al.,
2003).

lii. The LDso of 5- azacytidine was defined as the dose thadedhthe
death of 50% of the animal in the assigned treatnggoup

according to Livenson (2004).
2.2.8.2- Treatment of white mice with folic acid:
I. Forty adult males weighed (24-25¢g) and females kaxig(22-230)

of Swiss albino strain were selected, ranged in age between (8-12)

weeks old.

ii. Animals were administrated orally with (0.2 ml) distilled water
(n=10 mice /group) or of (0.1, 0.5 mg /kg) of folcid (n=7 mice
/group), three times a week for 6 weeks accordin@birier,et al.,
2003).

lii. The LDso of folic acid was defined as the dose that catisedleath
of 50% of the animals in the assigned treatmentigccording to
Livenson (2004).
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2.2.9- Studying the effects of the in vivo treatnmgs on the white

mice:

2.2.9.1- In vivo effect on the white mice body wen:

The following procedure was mentioned by (JacksoumsB®y and Jaenisch,
1996).

I. About (7) animals of both sexes were randomly setedor the
investigation of the treatment effect on the mausey weight.

ii. Initial body weight of each animal was recordedha day zero of
the treatment.

iii. Body weights were recorded at the end of eachnemit week by
weighing each animal separately on a balance.

iv. Initial and final body weights were compared togethvith the

control groups and their significant differencegevdetermined.

2.2.9.2- In vivo effect on male’s reproductive orgas:

This experiment was mentioned by (Doerskeial ., 2002) and about (10
male) animals were randomly selected from eacligend the procedure

was as follows:

2.2.9.2.1- Disection of testes:

I. Five male animals were randomly selected from each

treatment group and were sacrificed by cervicalodetion

and their venteral surface was swabbed with 70%neth
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Xii.

Analysis of abnormal somniferous tubule cross sestiwas
performed using a serious of photographs of testicaross-

sections from each animal.

xiii. ~ The numbers of morphologically normal and abnortadiule

2.2.9.2.

cross- sections were counted and expressed asjmgee

3- Sperm collections:

The following procedure was mentioned by (Hintih§89) as follows:-

Five male animals from each treatment group wesequa with

untreated females one day before killing.

. Males were killed in the next days by cervical agsitions, then the

ventral skin was swapped liberally with 70 % ethlathen the skin
was torn at the media line and the skin was @@ésm both tears
sides in an opposite directions exposing the maproductive
organs to the out side.

About 2-3 cm length of the epididymus was cut amadhdferred to

Petri dishes contain 3 ml of PBS.

. Sperms were collected by pushing 5 ml of RPMI medtarough

one end of the epididymis with a sterile syringe aollecting the

sperms in a petridishes.

2.2.9.2.4- Microscopic examination of the sperms:
2.2.9.2.4.1- Sperm motility:

The following procedure was mentioned by (Mortingeral, 1988) as

follows: -

A drop of 50 pl of sperm suspension was immedigtédged over a
warm slide after sperm collections.

The slides were quickly examined at (40 x) objextof a light

microscope and five random filed of the slides warered for the

examinations.
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lii. The percentage of the abnormal sperms was assassedling to
the following table:-

Sperm motility percentage Description
0 % Non motile
(0-20)% Some sperms are motile
(20-45)% High number of non motile sperms
(45-55)% Half are motile
(55-85)% High number of motile sperms
(85-100)% Most sperms are motile

2.2.9.2.4.2- Sperm concentration:

Sperm concentrations were calculated according ite procedure
mentioned by (Hafez, 1987):

a. A drop of (50 pl) of sperm suspension was placest awarm slide
and covered with a cover slip.

b. The concentration of sperms was calculated by axamifive
randomly selected fields under (40x) objective of light
microscope.

c. The calculated number was multiplied by a factooié million to
obtain the (sperm concentration/ul).

2.2.9.2.4.3- Sperm viability:

The following procedure was described by (Hafe87)%&s follows:

a. A drop of (50 pl) of sperm suspension was placest avslide.

b. Another drop of (50 ul )of eosin — stain was mixeith the sperm
suspension and examined under the (100x) objedtiva light
microscope, and 200 sperm were counted to calcthatpercentage

of dead sperm according to the following equation:

Percentage of dead sperm=__No. of dead spernis100
Totdb. of sperms
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2.2.9.4.2- Treatment of pregnant females with (0.1gdkg) of

folic acid:
This procedure was carried out according to (Shia Shiota, 1999) as
follows:-

a. Ten females of eight weeks old and of (22-23g),enmated over
night with active male and were examined in thetmaarning for
vaginal plugs.

b. Pregnant females were divided into two groups:fitlsé group was
orally fed with folic acid (0.1mg /kg) and the tte®nt was started
from the first day of pregnancy and lasted for @yx) of
pregnancy.

c. The control group received (1ml) of distilled watey.

d. Heat treatment was induced at the (8th day) ofnmegy by placing
the pregnant females in a water bath at 43°C {&rr(8nutes).

e. Half the females from each group received heatrtreat while the
other half did not receive any heat treatment.

f. Treated animals were sacrificed at their'{8@y) of pregnancy for

the same counts mentioned in (2.2.9.4.1-iv).

2.2.10- Cytogenetic analysis of bone marrow somatells:

The following procedure was carried out accordmg@Allen et al., 1977)

as follows:

2.2.10.1- Preparation of the chromosomes:

I. Males were injected with (0.25 ml) of colchicindraperitonially
two hours before sacrificing.

ii. Males were sacrificed by cervical dislocation osithventral side
on an anatomy stage.

ii. Both the abdominal side and the thigh region of dhenal were
swabbed with 70% ethanol.

60



Chapter Two Materials & Methods

iv. Then, the thigh bone was taken and cleaned fromr dibsues and
muscles, then gapped from the middle with a stéoiieeps.

v. The bone was held in a vertical position and theebmarrow was
collected by injecting the bone with (5ml) of PBSing a sterile
syringe.

vi. A hypotonic solution was added in (5 ml) and cellre incubated
at (37 °C) for 30 minutes.

vii.  Cells were centrifuged and a fixative was addedtabds were
kept at (4 °C) for 30 minutes.

viii. Tubes were centrifuged at (1000 rpm) for 10 minated cells
were resuspended in (2 ml) of a fixative.

ix. Few drops were dropped vertically on a cold, clshge from a
height of three feet at a rate of (4-5) drops;edigvere left to dry,
then stained with Giemsa.

X. Slides were examined under the (100 x) objectiveaofight

microscope and three slides were made for eachahnim
2.2.10.2- Mitotic index
The slides were examined under the (40 x) objeciind about (1000

cells) of divided and non - divided were countdae imitotic index was

calculated according to the following equation:

MI % = NO. of divided cells *100
1000

2.2.11- Isolation of DNA from mouse liver samples:

The following procedure was carried out accordiogd$ambrooket al.,
1989) with some modifications designated by * dowes:
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I. *A weight of (1g) of mouse liver was finely choppe&dth sterile
forceps and washed several times with PBS.

ii. *Then, chopped, washed liver tissues were trarefiermto
eppendorf tubes and were centrifuged at 5000 rprGaninutes at
room temperature.

lii. *To the precipitate, 10 volumes of extraction buffesre added and
shake gently to submerge the materials.

Iv. The mixture was then transfered to a (50 ml) crgation tube and
was incubated for (1 hour) at 37 °C in a water bath

v. Protinase k was added in a final concentrationl6O(mg/ml) and
the enzyme was gently mixed.

vi. The suspension was placed in water bath at 37 8@vas incubated
for over night.

vii.  An equal volume of phenol / chloroform was added gantly
mixed for (10 minutes).

viii. Centrifugation was followed at 5000 rpm for 15 ntggiat room
temperature.

ix. The viscous aqueous phase was transferred witkcrapipette to an
eppendorf with a micropipette to an eppendorf tube.

X. Ethanol was added in (2 volumes) and the mixturs tharoughly
mixed and left in freezer over night.

xi. The DNA was collected by centrifugation at (5000mjpfor
5minutes at room temperature.

xii.  The DNA was dissolved with TE.

xiii. The concentration of DNA was quantified through

spectrophotometer
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Chapter Two Materials & Methods

2.2.11.2- Spectrophotometric quantitation of DNA

concentration:-

This method was mentioned by (Sambrebél., 1989):
a. About (5ul) of DNA dissolved in TE was withdraw atrdnsfered
into the Spectrophotometric cuveit with (495 ul).TE
b. Readings were taken 260 and 280 nm wave length.
c. Aratio between the readings was obtained.

d. The concentration of DNA in (ug / ul) was calcuthtteepending on
the relation of :

(O.D. 260)*Dilution Factor*(50 pg / ul)= (ug / pl ) of DNA.

2.2.11.3-_Predigestion of DNA with restriction enayes (Hpall
and Mspl):
The following procedure was mentioned by (Singe., 1979).
I. About (10 mg) of DNA was digested with both enzynfeach

enzyme alone) after the addition of the restrictinunffer in a

reaction volume of (5Ql).

ii. The reaction mixture was incubated overnight aP@7n a water
bath.

li. Enzymes were inactivated by keeping the mixturé&cerovernight.
iv. Digestion differences were analyzed on agarosélgel%o).

2.2.11.4- Agarose qgel electrophoresis:

The following procedures were carried out accordm@Sambroolet al.,
1989).

2.2.11.4.1- Preparation of an agarose gel:

I. 2.2.12.6-The edges of a clean, dry glass plateseaked with a
tap and placed on a horizontal section of the bench
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Chapter Two Materials & Methods

2.2.12.6-Calculation of polypeptide chain migrationrate(Rm-

value):

The migration rate of the polypeptidhains was measured

according to the equation mentioned by ComingsTaatk (1972)

as follows:

Migration rate % = Distance moved by the proteimm100

Distance moved bg tracking dye (mm)

Or

Rm = Distance moved by the protein (h@r©0

Distance moved by the trackilyg (mm)

2.2.13- Statistical analysis:

Data were examined using ANOVA where only two g®@p=7 animals/
group) were compared according to the proceduretioresd by Gantz,

(1992). The level of significance was (p<0.05) D.Sor all analysis
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Conclusions

. An embryo age of (11-11.5) days old was suitable for the production of
successful fibroblast cultures.

. Treatment of the fibroblast - like AME 11D1/2 cell cultures with 5-
azacytidine at their (5" passage) had affected their phenotype rather than
their differentiation.

. Treatment of plasmacytoma SU99 cell cultures with 5-azacytidine had led
to their reversion to the wild type phenotype and the production of what is
called the (Hormetic effect).

. The effect of 5-azacytidine on the plasmacytoma SU99 cell cultures had
provided an interesting system to study the control of B-cell function and
the possible development of cancer therapy.

. Mice male exposure to 5-azacytidine was deleterious to the germ cells and
their function in fertilization and embryo devel opment.

. Evidences obtained from in vivo animal studies had supported the
generalization that, the deficiency of the physiological methyl group due to
the inhibition of DNA methylation by 5-azacytidine or low levels of folic
acid metabolism could cause patterns of pathological alterations probably

due to their effects on the genomic DNA methylation and gene expression.

. DNA methylation plays important roles in norma germ cell development
and the establishment of allele-specific imprints in tissue differentiation
making it as an attractive avenue for the development of novel cancer

therapy and for the determination of patient prognosis.

162



| ntroduction

Many of these chemotherapeutics are compoundsirtdate genotoxic
effects without directly damaging the DNA, such @ cytidine analogue,
(5-azacytidine) (Stopper, 1997). This cytostatier#gghas been used since
1970’s for the treatment of acute leukemia (IARG9Q), and is still being
used as a part of treatment regimen for a cuteel®ik breast, Lung and
Kidney cancers (Goffin and Eisenhauer, 2002). Hemevissue culture
studies had owed much to the evidences of the seveffects of 5-
azacytidine on various developmental aspects, so®le culture models
provided a well defined, relatively simple and 8&asmanipulated
experimental systems to investigate the abilitgxdfinsic effects to modulate
DNA stability and gene expression (Hartwell,200d &uthie,et al.,2002).

The pyrimidine analogue (5-azacytidine) has beeowshto have a
striking range of biological effects (Holliday, 1®8 It induces morphological
transformation of (3T3) and (3H/10T1/2CL8) mouséd bees to myocytes,
adipocytes and chondrocytes (Joeeal., 1983).1t reactivates silent genes on
the inactive X-chromosome (Mohandas al., 1987), and it induces the
reversion at a very high frequency of a seriesnaiyme-deficient mammalian
cell lines to the wild-type phenotype (Taylor amhds, 1979).

However, these examples showed that, these céliress were not
behaving as a consequence of their quite artifiemlironment, but their
phenotype was affected by gene reactivation whiak associated with a loss
of DNA methylation (Holliday, 1986), which was thesult of the inhibitory
effect of 5-azacytidine on the DNA methyltransferggones and Taylor,
1981).where it was incorporated into the DNA asytdme analogue, and
through its subsequent chemical interaction withDNA methyltransferases,
it prevented the normal methylation of the DNA (@en1986 ; Chrismagt al
., 1985).

On the other hand, 5-azacytidine was an excellé&d Dypomethylating
agent in vivo where it has exhibited tumorigenid &aratogenic activities in
several animal studies (Poiriet al., 2003; Meriow et al., 2000). Other
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studies indicated that, chronic treatment of malee rwith 5-azacytidine
resulted in the demethylation of sperm DNA and ®s¢§ that both
spermatocytes and spermatogonia were affected by diing exposure
(Doerksen and Trasler, 1996; Doerksgnal., 2000). It was found that
altering DNA methylation levels during gametogerdsy 5-azacytidine was
deleterious to germ cells and their function intifieation and embryo
development, since, DNA methylation plays on imaottrole in normal germ
cell development and the establishment of allekegie imprints in the germ
line (Juttermann and Jaenisch,1994; Gabbara angvBha995).

Moreover, methylation probably causes the inadtwatof numerous
genes that are important in the development of mpsil tumor types thus,
inhibition of DNA methylation and consequent reaation of these genes is
an attractive avenue for the development of noketapeutics (Goffin and
Eisenhauer, 2002). In addition, DNA methylation whayreat promise as a
marker for the early detection of cancer, and DN&hylation patterns might
be of use in determining patient prognosis (Strag¢hahd Brown, 2002).

Therefore, on the strength of these data, thisysteas conducted in order
to:-

1- Investigate the biological development of somatause cells cultured

in different media.

2- Investigate thein vitro effects of 5-azacytidine on the biological
development and the differentiation state of theuced cells.

3- Investigate then vivo effects of 5-azacytidine and folic acid on various
developmental aspects in mice including :( body ghti male
reproductive system, fertility rate, pregnancy aame and bone
marrow chromosomes).

4- Investigate than vivo effects of 5-azacytidine and folic acid on the

genomic DNA methylation pattern and liver cytoplasproteins.
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Recommendations

. Other experiments are required to investigate the effect of reversion of
the plasmacytoma SU99 cells to the wild type phenotype caused by 5-
azacytidine using methylation specific PCR - technique with specific

primers ,and checking their capability of tumor induction.

. More histological studies are required to investigate the effects of 5-
azacytidine on other mice organs and tissues.

. Further epigenetic studies are required in order to highlight the effects
of other DNA methylation inhibitors on distributing the genomic
integrity and altering the DNA methylation machinery.

. For embryonic development and 5-azacytidine effects, an experiment
should be planned to follow the development of the embryos daily and

focusing on partia organs.
. Running the effect of 5-azacytidine on tumor cells as well as normal

cells and following gene expresson and characterization of

morphology transformation.
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Summary

A total of (500) mice oBwiss albino strain, ranged in age between (8-12) weeks
old and weighed about (23-25) grams were usedismstiudy which was divided
into four parts.

* In the first part, the determination of the expenmal mice females’ estrous
cycle was included for the establishment of matatpnies and the production of
embryos used in the initiation of the fibroblasi celtures.

Embryos at different ages of (9, 11 and 13) dagswdre used, and the results
of the morphological examinations showed thatemabbryo age of (11-11.5) days
old was considered to be suitable for the productib successful fibroblast cell
cultures which were designated as (the fibroblddéte-AME 11D1/2 cell cultures).

 The second part of this investigation dealt withdging the biological
performance of three different media including: ERP1640 medium, Eagle’s
minimal essential medium and medium 199) on suppprthe growth of (the
fibroblast — like and the malignant plasmacytonu®9$ cell cultures). Results of
seeding efficiency values for the two types of £gtown in the three different
media had shown that, the RPMI 1640 medium wasntbst suitable culture
medium under the experimental conditions of thigdgt in supporting the
maximum growth of the examined cell cultures.

* Thein vitro effect of 5-azacytidine on the growth and develeptrof the
fibroblast — like and the plasmacytoma SU99 celluras was investigated in the
third part of this study.

A cytotoxic effect on the growth of the two exandreell cultures was detected,
expressed by increasing the values of the optasity measurements in the short-
term viability assay and by decreasing the valdeth® plating efficiency of the
growing cells in the long-term survival assay whémne fibroblast — like cell



cultures appeared to be more sensitive to the axitoteffect exerted by the 5-
azacytidine than the plasmacytoma SU99 cell cudture

In addition, the phenotype of the treated cells wis® affected by the 5-
azacytidine treatment, where the fibroblast — Idedls appeared single with
different sizes other than uniform monolayers. \Whithe treatment of the
plasmacytoma SU99 cells with 5-azacytidine indutedreversion at a high rate of
an enzyme deficient malignant subclones called(dfeRT-positive cells). These
cells were able to grow at HAT- medium and thewuersion rate was dependent on
the concentration used of 5-azacytidine in theucalmedium.

» The forth part of this study was on thevivo effects of 5-azacytidine and
folic acid on mice body weight, male reproductivegans, embryogenesis,
chromosomes of the bone marrow and gene expressidhe levels of genomic
DNA and whole protein content of the liver.

Results showed that, treatment of mice with 5-azdicye caused a highly
significant decrease (p < 0.001) in the final relear body weight values. While,
six weeks exposure of male mice to (8 mg/Kg bodyghi of 5-azacytidine
resulted in severe abnormalities in the seminifettobbule, including: degeneration
of the tubule, sloughing of immature germ celloithe lumen, and giant cell
formation. In addition, a decrease in the fertiligte was also detected in the
treated male mice revealed by the deleterious tsffee some sperm’s functions,
including: a decrease in the motility, concentnatamd viability with an increase in
the percentage of morphologically abnormal sperms.

Moreover, the administration of 5-azacytidine teegmant females caused
teratogenic effects where an increase in the plambgtion losses and a decrease

in the pregnancy out come were detected.



Furthermore, a significant increase (p <0.05) ie thitotic index with some
chromosomal aberrations were also detected in lpagi@ow preparations from
mice treated with 5-azacytidine.

On the other hand, results obtained following treatt of mice with (0.1mg/Kg
body weight) of folic acid showed a non - sigrafit increase (p>0.05) in the
treated animals body weights.

Moreover, it was found that, the oral administmatiof folic acid had no
detectable effects on the treated mice males’ cetive organs or on the bone
marrow chromosomes. Whereas, results obtainedwimifp treatment of pregnant
females with folic acid had suggested that, prdratpplementation of folic acid
could reduce embryo lethality induced by heat eMpwsand sufficient folic acid
intake during early pregnancy was recommended e¢alavnalformed embryos.

Furthermore, evaluation of the possible effedG-azacytidine and folic acid on
the genomic DNA methylation pattern and the cytspli& protein content of the
treated mice livers was investigated by means ofADpledigestion with
methylation sensitive and non- sensitive restrctemzymes (Hpall and Mspl),
then amplifying the digested fragments using PCHR wandomly selected primers
and studying the effect on the gene expressiorgusSiDS-PAGE technique.

Results of agarose gel electrophoresis analysithefpredigested liver DNA
showed similar pattern of fragments distributiagtvieen the DNA lanes of the
(control and folic acid) liver samples. While, &ffelient pattern of fragments
distribution was recognized in the DNA lane of 8kazacytidine liver sample.

Moreover, a different pattern of fragments disttibn was identified in the
lanes of DNA samples digested either with HpalMspl restriction enzymes for
the DNA’s of the (control and folic acid) liver reples. Whereas, a similar
distribution pattern was recognized in the DNA larvfethe 5-azacytidine liver

sample.



On the other hand, results of RAPD-PCR amplificatod the predigested DNA
using the primer OPE-7 showed a similar patterfragfment distribution in DNA
lanes of the (control and folic acid) liver sampl&ghile, a polymorphism was
recognized in the DNA lanes of the 5-azacytidirerisample.

Furthermore, a possible effect on the cytoplasmitgins of mice liver might
be detected using the sodium dodecylsulphate apofjamide gel electrophoresis,
where the protein sample of the 5-azacytidine éaaver showed a polymorphism
in the calculated (Rm- value)of the migrating pnoge/Nhereas, similar values

were calculated for the proteins of the control tolit acid samples.
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