CHAPTER II

MATERIALS AND METHODS

Materials
1; Chemicals
Absolﬁte alcohol AR: E. Mefck,.qe?many.
Acetqné : May & Bakér Ltd. , England.
Alcian blue :.8%gmé, U/S.A.
Alizarin‘red E 3 Sigma,’U.S.A.
Cadmium chloride ; Merck BraﬁdenBerger AG,
Switzerland or BDH, Englaﬂd.
Glycerin : The Government Pharméceutical Organizatidn,
Thailand. |
:.?otaésium hydroxide peilets . J.T. Baker Chemical Co;,

N.J., U.S.A.

2. . Media and Buffer

'Phosphate buffefed saiine (PBS), pH 7.4 : Oxoid, SWitzgrland
Pure male rat serum E;Freshly prepafe.
Trowell's -8 medium.Q Gibcé, U.S.A.
3.»Animals . ' J ' LR 5
' Fﬁllinsdorf albino réts ; Fﬁllinédorf, Switzerland.
_Swiss albino mice : Fillinsdorf, Switzerland or

Mahidol University, Salaja, Thailand.

4. Apparatus

Culture bottles : 30 ml pyrex bottles with a silicone

rubber bungs were used as culture bo;tles.
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‘Roller apparatus : Rollacell, Model RC-41, New Brunswick
- Scientific Co., Inc., New Jersey, U.S.A.

Incubétor : Hbtpack; Model 316580,.H0tpack'Cd., U.S.A.

’bbthods‘

1. Feeding and Housing of Animals
- Animals were maintained on commercial laboratory food and
tap,vater which were allowed ad libitum. They were housing in control

room at ambient temperature and under cenvemtional conditions.:

2. Mating,Procedhre

The dark cyclefwas routinély.maintained between 18.00 ﬁm.

'and 6.00 am. (12 hours). Two female-mice " (age : appfbximately 10 weeks,
weight : 25-30 g) were housed overnight with one male (age fapproximately
10 Qeeks, weight : 30-35 g) of. the same stock. Sucoessful'copulation

was verified on the next mérﬁing by the presence of a vaginal plug and
this was designated day 1 of pregnéncy..Midpoint of thé previoué dark~'
cycle (24.00 hours) Qas designafed as embryonic age 0. The pregnant

bice were kept singly in;mefal—box cageS'onAsawdust bedding. Only
énimaIS‘which had gained.é ngr more by Aay 8 of'gestatioq Werg_seieéted
torensﬁre that they, werefpregpant. By using these cfiteria, greater

than 95 Z of selected-aﬁimais,were found to 'be pregﬁant- ‘at. hecropsy

on day 18.5%0f pregnancy.

3, P:gparatioﬁ of Culture Medium

The culture mgdiﬁm consisted of pure male rat serum. The
medium was prepared by the method previouslyrdescribgd.by New et ai.
(1976)vwith-some_moaifications. Blood was withdrawn from the dorsal
aortaé of Fuliinédoff albino rafs, and immédiately‘centrifuged at.4.c

(3,000 rpm) for 10 min. The serum was then decanted and thawed,

heat-inactivated’at 56 c for 40 min. prior to use.
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4, Explantation of Mouse's Embryo

Mouse ‘conceptuses Weré explanted on day 8 of gestation.
The dam was killed.by cérvical‘dislqcation,_and ute&us was rin;ed in
Trowell's T-8 medium aﬁd piaéed in a second dish of Tréwéll}gvT—S.medium
in which it was torn open along the'énti—mésometrial side with fine
.scissor. The concéptuses,_which were embeded in a mass qf decidua, were
-cut away from the’uferiné wall with a fine scissor; using a pair of
fine forceps to éteady_the utérus ., The conéeptugeé were-transferred
to a dish of fresh Trowell's 7-8 médium, which Was-examined‘unaer

stereomicroscope.

> Two pairs of'wétchﬁaker's forcep were used to remove the
decidua. Start tearing from the blunt or whiter end of the conceptus,
and ﬁork ﬁp towards fhe sharper.end. All of the materpél decidga aﬁd
Reichert's membrane were removed. fhe embryo which is suitable to bé
-used for in vitro studies mus t—have thé intact yolk sac, amnion sac
and ectoplacental comne. Embryo which did not meet these criteria was’

excluded. -

5. Experimental Part I : In Vitro Studies

- 5.1 Assessment’ of Mouse'S’Embryonic.Devélopment in Utero

“Procedure

Female mice werelmated asipreviously’described in
seétion 2. Thé pregnant mice were kept'singly'in-metal-box cages in
a room under gontrolled environmental conditions (Temperature 2510.5.c,
relative humidity,6015 %, 12-hours light-dark seqﬁences). They were fed
on commercial laborétory diet and tap water ad libitum. On day 10 of
_gesfation, the dém was sacrifjpaiand the. uterus was_rembved; rinsed

with Trowell's T~8 medium and transferred into a. second dish of the medium
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in which it was torn open along.the anti—mesometriai side. The coniceptuses
were cut away ffom the uterine-ﬁall'and:transfe;red infoAﬁhe third dish
of the medium which was placed under.stereoﬁicroscopé..Two pairs of
" watchmaker's forcep were used to rémove.aii of the metérnal decidua
and Reichert's membrane. The embr?és with intact ectoplacental cones
and yolk—sacs wgre.then transferred to a dish of fBS solution and |
examined under a stereémicroscope. Growth &as estimated by crown-rump
and head measqréments together with DNA determinations‘by the meéhods.
‘of Giles and Myers (1965)..The nature and dégree of differentiation and
developmehtiof each embryo_wére evaluated by eﬁaminiﬁg a number of
morpholdgical featuresy which.included.yolk éac'vasculature;
-chorioallantois; fle#ion; heart; fore-; mid-and hindbrainj; otic, 0§tic
énd olfactofy systems; branchial barsj mandibular and maxillary processes;
forg- and'hindlimb'Suds and somite formation. The degree of_differeﬁtiation
was evaluated by counting somite numbers and using the morphological.
score ;able described by Broﬁh and Fabro (1981). Statiétics were

presented as mean t standard deviation.

5.2 Assessment of Mouse's Embryonic Development in Vitro S
Procedure

- "Mouse conceptuses were explanted on day 8 of gestation

as described in Section 4. The embryos (two per bottle).were transferred
into culture bottles containing heat-inactivated male rat serum

(5 ml/bottle) which prepared as stated in section 3. The culture medium

was gasses with a mixture,bf 5% 02, 57 CO2 and the balance N2 for

20 min before use. All operations were carried out aseptically and no

antibiotics were used throughout the studies.
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Embryos were cultured in pure rat sefumlfor a period of 48 hrs.

o

Throughéut tﬁis culture . period. the culture‘bottles were cdntinuously
rotated at 11 rpm.on a roller apparatus and mélntalned at 37. 5%0. 5.c
" in an 1ncubator. G3551ng conditions were 5 % 02, 5% COZ’ 90 % N2 at
the start of the experiment, the initial 5 %“92 was maintained by

. flushing with 5 %'Qz for 4 min'af 6 hr. At 22 and 30 ﬁr, the cﬁlturé
'yere flushed with 20 % 02 for 4;min; Ald times, these gas'mixfufes
also contained 5 Z'COZAwith balance N, : .

At the'end of the culture,;ghe_developing intact embryos were
transferred to PBS solution and éxamiﬁed un&er a sfereémicroscope.
Embryos were considered fof evaluation wheﬂ evidence of growth and
differentiation and the presence of heart beats were appafent. Growth
was estimated by.cfown—rump and Héad measurements together with DNA
‘determinations. Thé‘naturé and degree of differenfiation and developmgnt
of each emBryo_were évaluaféd by examining a'ﬁuﬁber of morphological
-features, thch included embryonic fléxion; heart; telen~,mesen-and

rhombencephalon; otic;.optic and olfactory system; branchial bars;

mandibular and maxillary proéésses;vfore-and hindlimb~buds; and somites

formation. The degree of differentiation was  also evaluated by counting

.the somites and by using a deification of the morphelogical score-table
' L ‘ +

""0f Brown and Fabro (1981). Statistics were presented asf@mean™ standard devi-

ations, and 'significances wetre 'evaluated using |Z-test.

5.3 Determination of the Embryonic Lethality Doses of Cadmium
- Chloride
Procedure ’ -

A 0.03957 mg amount of cadmium chlorlde was dissolved

in 60 ml pure male rat serum. The initlal concentration of cadmium
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chloride wés,3.6_PM_(6.595-x'1o‘4mg.m1'1) Pipeied 10.67, 10.005, 9.459,
8.004, 4.002 and 0.00 ml of the initial solution into a sterile cqﬁical
flask, dilute& to 12 ml with pure rat serum. The final concentrations
‘of cadmium chloride in r;t serum wéfe,3,2, 3.0, 2.8,“2;4, 1.2 and 0.00uM

respectively.

The method‘used for detergining the embryonic_lethality
doses of cadmium chloride was essentially the same as that employed in
section 5.2. The principal deviation was that the(embryOS were cultured
in the rat serum contaiﬁiﬂg vérious concentrations of_cadmium chloride
for a period of‘48‘hrs. At the end of experiment, the number of live
and dead embryos were evaluated. Embr&os were considered alive when
evidence of growth and diffféréntiationiand the presence of heart beats were
apparent. The embryonic lethality curve was obtained by percent death

versus concentration plots.

5.4 Assessment of Embrvotoxic.Potential: of Cadmium Chloride,

in Vitro

The embryoﬁic 1ethality curve of cadmium chloride was
used as the basis for'seleqting doses for embryotoxic evéluation. o
Eventually a dose of 3.0 'PM was selééted as the 'highest dose.

Proéedufe ' ‘ .

A 0.,03957 mg“amount of ¢admium' chleride’ was' dissolved
in 60 ml pure male rat serum. The initial concentrafion of cadmium
chloride in the serum was 3.6 AM (6.595 x lOfAmg.ml—l)Pipetted 10.005,
9.459, 6.674, 3.337, 1.668 and 0.00 ml of the initial solution into
a sterile conical flask, diluted to 12 ml'with pure rat serum. The final
concentrations of cadmium chloride in rat serum wére 3.0, 2.8; 2.0, 1.03

0.5 and 0.00 uM respectively.
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.The embryotoxic effects of cadmium chloride were
exémined by ﬁéing~the technique of culturing.postiﬁplanfation embryos.
The procedures for cﬁltufing embryog, culture-éénditions and evaluation
. of cultured embryos were éssentially'thé same aé descfibed in sec;ion
- 5.2. The principal deviation. was that‘émbryos"were cultured in rat serum
containing varioué conbentrations of cadmium éhloride prepared as

stated above.

Statistics were presentéd as'mean t standard deviation, and
significances were evaluated using analysis of variance and Newman-Keuls

test.

6. Experiméntal Part AT [, In wivo Studies

6.1 Determination of Adult Lethality Doses of

Cadmium Chloride

Lethality'was estimated-in prégnént mice following
single IP. administration of cadmium chloride. Mortalities were recorded

for up to 10 days after the injection.
Procedure

The doses¢8.,.7, 6, 5, 4.5 4.2 and 4.0mgkéd'were usea,_
Cadmium thqride-was dissolved in normai.saline §0 asgto yield a voluﬁe
of O.2mlkg-{body weight at all dese levels, Tﬁe pregnant/mice were
. fandomly-allocated to| the déée groups'so that there were 20‘femaies.
in each group. The females were treated Qith a single dose of cadmium>'
chloride on day 8.5 p.c. (post coitus) and checked daily for viability.
The findings were recorded for up to 10 days after the injectior. The -
adult lethality curve was obtained by percent death versus concéntration

- plots.



23

6.2 Assessment of the Embryotoxic Potential of

Cadmium Chloride in Vivo

Adult 1etﬁality curQe bf‘cadmium chloride was - used as
'tﬁe basis for selecting doses for embryotoxic evélﬁation._Eventualiy
a.dose of 4 mgkg~ldissolved in O.2_ml~nbrmal saline and injeétea
intraperitoneally was selected. Embryonic dqyé 7-% were chosen for
this study because it has been suggesged from the in vitro étudies
that the abnormal prenatal development may oécur only after gadmium

_exposure in the early phasé ofthe organogenetic period. .

Test Procedure

Mated females were randomly allocated to the contfois,
f.O,’7,5 and 8.5 days groups so that there were 20 females in 'each
group. The experimeﬁtal groups were'iﬁjected with cadmium chloride on
days 7.0 p.c. or f;S p.c. or 8.5 p.c. The majority were injectedAat
12.00 a.m., but for day 7 some were injected at 12.00 p.m. The control
animalsvwére injected with 0.2 mlkghlnormal saline. Individual body
weights wére taken on days‘d, 7, 7.590685 and 18.5 p.c. Those obtained
‘on days O‘and 18.5 p;g. were evaluated. The'dams were recorded daily:

~ for viability and clinical signs:

Examinations

The| dams'were killed by cervical dislocation on day
18.5 p.c., that is, 0.5 day before expectéd delivery, and examined
immediately. Their inner organs were examined macroscopically and
histologic§lly if'considefed necessary. Uterine examination consisted
of checking the number of live and dead fetuses and the number of fetal

and embryonic resorption sites.
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Fetuses, which were délive?ed by cesarean section,
were individually weighed, with and without placenta, examiﬁed for
exterﬁal and internal anomalies. Heart -and kidneys of every fetus
" were fixed in alcohol. For closer examination heart was cut through

the_septﬁm and ventricles, and kidneys through the pelvis .

The eviscerated fetuses were'stained.with alcian blue
and alizarin red according to the method . ©of NMcleod (1980) and examined
aunder a.stereomicréscope at low magnification for the detection of

skeletal anomalies.

Morpholqgicai Findings/in the fetuses

All ﬁérphologiéai deviations in the fetuses were recordedf
They weré‘grouped according to the'mést probable time of their initiatioﬁ
during infrauterine development:

—~Retardations; ofiginated in the.late_fetal phase of
matﬁratioﬁ;

:-Miﬁor anoﬁalies; originéted in the early fetal phase
of organ,differéntiation and fe;él gfowth,

- -Major anomalies; originated in the organogenetic phase.

Statistieal [Evaluation

-

The following tests were useds, for statistical evaluation:
1. Fisher's! twollsidé exact-test when frequencies were
compared,

2. The Analysis of Variance followed by Newman Keuts test

when the mean values were compared.
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7. Experimental Part III : Postnatal Studies

It hés been demonstrated in expérimentél part II that
cadmium chloride ¢an cause a variety of abnormaiities in embryos of
pregﬂant‘mice receiving 4 ggkg_lohvdays 7.0—8.5‘of'gestation. These
abnOrmalitiés were often associated with skéletél and central nervous
systems; Although gross deférmitiés were freéuently_found at term,
but those qf-subtlerfdefecfs were pqt'easily seen. This idea‘léd ;o
the proposal that fuﬁctibnai éonséquences of the;Subtler defects
thch'are not detectable in standard terétological exéminations’might
appeér postnataily. This part of study was undertaken to determine
whetﬁer such fugctional 1mp ad gmen'ts wouid be evident in poétnatgl

studies of mice exposed im utero to cadmium chloride.

Procedure

Female mice were mated asrpreviously described in section 2.
The pregnant mice weré kept singly in metal-box cages contéining
sawdust. They were fed-on cormercial laboratory diet aﬁd tap water ad
1ibitum. Cadmium chlorlde dissolved in normal saline was inJécted
1ntraper1toneally to 10 grav1d mice at dose of 4 mgkg lbn day 8.5 of
theif pregnancy. Twenty control female mice received ‘equivalent amounts

 0£ normal saline on the same days.of gestation. Pregnant mice
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were allowed to déliver nofmaliy and all litters were examined aé birth.
The litter size was sgaﬁdardized to.8 fetuses/litter to avoid .the |
compeéition between the pups. All iitter.ﬁere wean at 24'days'of‘age
and housed in indiviﬁual cages. Subjects were weighed and checkéd for
~the earliest time of_pﬁysical landmarks aﬁpearanqe,periodiéally.from
the time éf birth unfil tﬁé conclusion éf behavioral testiég;.In order
to prevent uhdetectab]e behavioral disfunctioﬁs, testing was -carried
hoﬁt at the earliest time that permits a majority .of the control animals
to meét the test criteria. Threé typés of ﬁarameters.were investigated
in this study =

(1) Thé weight déQelopﬁent of vindividual offséripgs.

(2) The earliest time of physicél iahdmarks appearence e.g.
ear and eye opening, testes descensus, vaginal opening and pinna
detachment.

| (3) Functional and béhavioral tésts; consisting oflapiéal

paradigms e.g; swimming, léarning and memory tests. EVéluation of
results was based on| the proportion of animals that fail to meet a

particular test criterion.

Swimming Tests

At 14'day§ of age the swimming ability oflall offsﬁrings'wasA
measured by, the adminiétratidn of 3 t¥ials Thid watér fi1ied (30 cm x
45 ecm x 15 cm) aquarium. Swimming behavior of the offsprings were observed
and recorded.OffSprings were consideréd to have.normal swimming‘Behavior
wvhen they‘can raise their.heads? from the level of the ears, above the |
vater and showed cor;ecf Body éoordinétibn. The correct or propér body
coordination can be declared only when the animél'have'straighf body

and all four feet move harmoniously while swimming.
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Learning. Tests

At 27 days of age all off;prings were tested for 1eérning
ability in the black box. The black box consisted of 22 x 28 x 18 cm
rectangular box with:blaék walls, The.éqtry were joined By é
10 x 16 x 8 cm rectangular arm. At the end of the arm there was a grid
floor éonnectéd to elec;ric transformer which serve as a pain stimulus.
Foog shock (1.25 mA, 66 Hz ac) waé delivered ta the gfid floor through-
a manual switch. Noise stimulus was;provided by a noise generator. A tria]
censiéted of placing thg offsprings on the entfance arm and switching
thé-stimulus noiée to frighten the animal. Entry into the blagk box
resulted in the onset. of shock,.ffom this shéék'the animal will learn
to avoid to enter the black box. The animal was tested until it did not
enter into the black bex and the number of entries were recorded. The
highest and lowest values of control group were used as the basis for

.determining the number of animals that fail to meet the test criteria.

Memory Tests

At.34 days of age‘alx offsprings were tested for memorial
ability. The tést procedﬁré was essentially the same as that employed
in learning tests, The' principal deviation was thét footshock was not
Adéli&efed to the animal when it entered into the black box. Each animal
was testedsfor 5 trials.-The animal which entered into,“the. black box
more than 3 times in 5 trials was.considered to have memory dificit.
Number of animals thaf fail to meet this criterion were recbrded.
Values from control group.were compared with the corresponding figures

' 5

 from the treated group. Differences from the control values were

‘considered significant when P <0.0l.
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