CHAPTER I1I
RESULTS

Comparison of Swiss Albino Mouse Embryonic Development in Vivo and

in Vitro

Detailed results of the‘extent of moose embryonic developmehf
in utero and in vitro are shown din table 1, From embryonie age day 8
to 10, mouse enbryos develop ffom the neurular stage with 3 - 5 somites
to hlndllmb bud stage with 30 ' ES somltes._ In eulture, the development
cof mouse ‘embryo over 48 house period showed exteosive development and
differentiafioﬁ (figure 1/B)a Morphologically, they were similar to
embryos maintained in vivo/ (figure 1 A) But they have sllghtly smaller
crown -rump and head lengths, reduced somlte count, reduced DNA content
and smaller morphological score p01ntS° each belng about 90 % of the
in vivo state. ThlS slow1ng in growth of mouse embryos in culture is
probably related to the absence of a functlonal allantoic placenta and
results from the failure of the ectoplacental cone to develop normally
in vitro (New, 1978).0 Despite’ the sioving in growth off cultured mouse

embryos, normal development of the yolk sac was apparent.



Table 1. Comparison of Swiss Albino Mouse Embryonic Development in Vivo and in Vitro

Mouse embryonic development

'Developmeﬁt parameter = %A /vivo 'é - " in vitro °©

| M =3 n== 50

}Yolk_sac: Diameter ( mm.) . S{IO.i 0;21 5.11+ 0.09

| DNA (ug ) 1095 A\ '\ 9.9+ 0.17
 Bmbryo: Somites VE = - 33,26+ 0.80
Crown rump length (mm.) A 86 1 G2 o | 7&.34.i 6.07 e
Head length ( mm. ). 2.47 + 0,03 ' 2.23 + 0.04
DNA ( ug ) 50.10 + 0.81 : 46.27+ 0.72°
Mbrphdlogical score 44,52 + 0.52 L 43.65 + 0.56‘“

aEmbryos were explanted,and exXamined at embryonic age 10 days achieved by intréuterine
devélopment.
bEmbryos were explanted at embryonic age 8 days and cultured in vitro for 48 hours.

cFigures given represent mean t S.D. ** Sjignificantly different from in vivo at P <’0.01

0t
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Fig. 1. (A) Photomicrograph of unfixed in uterc embryo of 33 somites,
developmental age 10 days; (B) Bhotomicrograph of unfized embryo
cultured for 48 hours'in vigro, developmental age 10 days. Embrvo was

explanted at embryonic ape 8 days and cultured in vitre for 48 hours,

Magnification = x 20
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The Dose Response Curve for Embryolethality- of~Cadmium Chloride in

Mouse Embryos Cultured in Vitro

LY

Before attempting detailed studies on the effects ofAcadmium
chloride on cultured mouse embrycs. The relationship of embryonic
mortalityrand doses of cadmium chloride was investigated. Dose of
cadmium chloride was varied and the numbef of dead embryo was examined,
The embryolethality curve of cadmium cHloride in mouse embryos cultured
in vitro as shown in figure 2, when increasing the dose of cadmium
chloride ®(1.20 £0'3.60 JM)" embryonic ﬂortality was inéreased. Cadmium
chloride at a concentration/of 2.4O4PM had no effect upon‘the su?&ival
of mousé embryos; doses highgr than 24,40 yM showed to'increase,the
embryonic’mortality rates Thus a concentration of 2,40 M of cadmium
chloride seem to be the threshold dose level for embryble;hality in
postimplanted mouse embryos/which are cultired in vitro. This threshold

dose level may not be precise, but is relebant to establish the dose

levels for the main study.

Effects of Cadmium Chlozride on the Development of 8 Days Mouse

Embryos Iin Vitro

‘Detailed résults of the effects of cadmium chloride on
various developmental pa¥ameters of ‘the ¢ultured mouse| éubtyés are

summarized below,



Figure 2 The embryonic lethality curve of cadmium chloride in 8 days mouse embryos maintained
in whole-embryo culture for 48 hrs. Each data point (.) represents the percentage of

mortality from 2-4 experiments.
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A, Total DNA Content of Embryos

Total DNA content of embryos cultured in Vitro for 48
_hours in thg presence of various concentrations of cadmium chloride
are presentéd in table-l of the appendix. .As shown in figure 3,
cadmium chloride decreased fﬁe finél emﬁryonic DNA content in all
dosage groups. At the lowest dose studied, thg total DNA content
of the cultured mouse.embryos was slightdysbut significantly-(P < 0;01)

lower than the controls. -

B. Yolk -Sac Diameter, Crown 4 Rump Length and Head Length

of Embryos.

The average values 4+ §.D¢ of the yolk sac diameter, crown -
rump length and headAlength of embryos cultured in vitro for 48 hours
in the presence of .various concentrations of cadmium chloride are
éresented in table 2 - 4 of the appendix. As sthn in figure 4, growth
inhibition, as determined by yoik sac diametér, crown - rump and
hea& lengths, became obvious iﬁ embryos exposed to'l.O - 3.0‘pM of

cadmium chloride.-

C. Morphological® Seore and Number of Somites.

The merpholégical score - table of Brown'and Fabro is
-pfesented in.table 5.0f the apfendix. The, average, values + S.D. of
morphologicalrscore points and somite numEers of mouse embryos .
cultured - ip Vitro.for 48 houré ih the presence of various concentrations

of cadmium chloride are presentgd in table 6.and 7 of the appendix.
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Figure 3 The relationship between+doses)of, cadmiumychloride~and, total; DNA ;contents of embryos maintained in
whole-embryo culture for 48 hrs. Each data point (I) represents mean + S.D. Values significantly

different froﬁ controls are indiéated with two asterisks (P < 0.01)
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Figure 4 The relationship between doses of cadmium chloride and yolk sac diameters, crown-rump lengths and head

lengths of embrvos maintained in whole~embryo culture for 48 hours. Each data point (I) represents mean +

[}
S.D. Values significantly different from control are indicated with two asterisks (P<0.01)
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_Soﬁite counts and morphological score estimations of cadmium
chloride treated mouse embryos showed slightly retarded in differentiation
" (Figure 5).. This developmental retardation became obvious-Wheﬁ the-

concentration of cadmium chloride was 1.0 )M or greater.

D. External Morphology -

"Results of mo:phological'ASSessment-of~cﬁ1tured mouse
.emﬁryos are presented in table 8 of the appendix. Externai malformations
of cul?ured mouse embryos weréidentified at the cadmium chloride
conceﬁtration levels of 248 and 3.0 yM. These external malformations
Qere oftén associated with dirregular fusion of-the teléncephalic
and mesencephalic regiong, and stunted telencephalié hemisphere.

_Non - closure of the cfanfal neural tube was well demonstrated (figure 6).
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Figure 6. Photomicrograph of (A) Controlled embryo and (B) embryo
treated for 48 hours with 3.0 pM cadmium chleride. Characteristic
anomalies observed were: (a) stunted telencephalic regions; (b)

open meural tube. Magnification = x 15

3%
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The Adult Lethality Curve of Cadmium Chloride

Before,éttemptiﬁg detaiied studies on the embryotoxic

. potential of cadmium chloride in vivp,_the relationshiﬁ between

doses of cadmium chloride administered to female mice dﬁring
organogenesis and mo?taiity ratg of‘méternal animals were inveétigated.
Figure 7 sho&ed a dose - réspopse curve for adglt lethality of

cadmium chloride in pregnant mice. T?e mortality data of mater#al

animals are presented in table 9 of“the aprendix.

As is evident, adéinistrati;n'of cadmium chloride to prégnant
mice during organogenesis at'doées of 4.0, 4;2; 4.5, 5.0, 6.0, 7.0 and
8.0 mg kg-1 body weigthresulted in an incfease in mortality rate of
maternal animals in a ddse F related~manner., At the highest dése of
8.00 mg.kg_l, mortality rate of the maternal animals reaches 100 %3
and at the lowest dose of 4.00 mgikgfl, mortality rate of-the maternal
animals_decréases tq 0.2; A dose of 4 'mg. CdCl 2 kg?l, aaministered
intraperitoneally,seem to be the threshold dose level for adult

lethality in female miece during organogenesis.



Figure 7 The adult lethality curve of cadmium chloride in pregnant mice following single i.p. administration

of cadmium chloride on day 8.5 of pregnancy. Each _data point (.) represents the percentage of

mortality from 2 experiments.
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The Embryotoxic Potential of Cadmium Chloride in ViVO_

A. Effects on the Dams

_l)

‘.ihe effects of treatment Qith a singlé dosg_(4 mg. kg
of caamiﬁm'chloride.on déys 7{0, 7.5 or 8.5 of gestation on fheﬁ&ams are
présenfed in table 10 - il of the appehdix.: At thé dose studied, |
no abor£ion or matérnal deaths was obsewved. Maternal body weight
gain during.preghaﬁcy was lower in 7.0 daf group'thén in the control
'(flgure 8) This fiﬁding ié in accordance with the data of Baraﬁski

et al. (1982), who found.4d 51gn1f1cant decrease in body welght galn

of rats as a result of 1ngest10n of cadmium chloride on days 7 - 16

of gestation.'

E. Effects on the Fetuses

1, Observatioﬁs Made at the Time of Caesarean Section.

_Maternal animals, treated with a single ‘dose
(4 mg. kg_l) of cadmium chloride on day 7.0, 7.5 or 8.5 of gestationm,
appeared normal and healthy with no postmortem abnormalities_in- '
.fﬁe maternal tissues. Results of observatioh made at the time of
caesarean section are.preéentéd in (table 12'and 13 of‘théhappendix.
Reduction in the rumber of live fetuses per litter was:fbuﬂﬁ only iﬁ
‘a group of pregnant fice receiving 4 mgs CdCl2 kg 5} on day 7 of
gestation. (Table 2) . Counts of litters with early of late resorptlons
were significantly different in 7.0 day group. The. number -of
feSorptions per lif;er.was élso_significantly increased in this group

of @ice treated with a single dose of cadmium chloride on day 7.0

of gestation (TableiZ).
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Figure 83 The relationship between~day of flrst rexposuresto)cadmiumcchloride and absolute weight gain of dams
during the entire period ©f pregnancy. Each data point (I) represents mean + S.D. Values significantly

different from controls’ arerindicated withitwo lasterisks (P 050
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Table 2. Pregnancy Outcome Following Intraperitoneal Administration ofﬂCadﬁium Chloride to Prégnant

AfﬁMice.
R Vad
Treatmert Litter Mean t "
B} Day of ' VCdClz, i.p. Impl. Viable Dead Resorptidn Post-impl
Pregnancy - (mg/kg ) Site Fet. Fet. "Embr. = Fet. Loss
7.0 - 8.5  Control 20 141 &£ 28" 10.6't 257 0 - 0.35%0.59 0.15%0.49 = 0.5.%0.69
S ‘ ok ‘ C ak o - Sk
7.0 ‘ 4.0 14 11,4 £ 1.1 4,1410.8 0 7:29+1.27 0.00 £0.0 7.29%1.27
7.5 4.0 20 12.3 £ 2,1 10.9+2.9 0 0.95%1.7 0.40% 0,6  1.35%1.98
8.5 . 4.0 " 20 11.1 % 1.3 10.4%1.1 - 0 0.60%0.82 0.05%0.22 - 0.65£0.81 °

o _ ' : ‘ . ’
Significantly different fromsthe controls at P < ‘0401 using one'way Analysis of Variance couple with

Newman-Keuls test. '

7%
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'thal' Crown-—rump ;length in ali experimental
groups were §iéﬁificant1y reduced (fighre'9). Administration of
cadmium chloride at-a dése of &4 mg. kg-l on days 7.0 or-7;5 of”
'géstaﬁion significantly decreased fetal wéight (figure_lO).' These
findings are in accordance with the data of Samarawickrama and ’
Webb (1981), who found that live fetuses from all cadmium chlqridei
treated'fatS'(l - 1.58 mg. qu12.kg71 déy-} between the 8th and 15th

day of gestation) were inactive and paley, smaller in size and weight

than the controls.,

s

Absolute weigﬁts 6f placenta in females frééted-‘
~with a single dose of cadmium chloride (4 mg. kg-l) on days 7.0, 7.5
or 8.5 of gestation were significantly decreased (figure 10). This
finding'ié_in parallel to the report of Chiquoine (1965) which
4 concluded that a éingle injection 6f cadmium chloride given to pregnant
- mice on any day_from the sixth.to theAseventeenth of pregnancy results

in localized necrosis of placenta and adjacent decidual tissue.

2. Incidence of Gross and Skeletal anomalies.

The incidence of gross and skeletal anomalies

are.presented in table|3:| /The jincidence of-gréss anomalies observed

by external ekamiﬁation of fétuses was significantly greater than in the
c;ntrols for éhe 7.0 andl 7.5 “days groupsi A tdtaliof 42 abnormal fetuses
were fouhd among 58 live fetuses in the 7.0 day group; and a total of
103 abnormal fetuséé_were found among 218 live fetusés ;n the 7.5 day
gr;dp. Only 2 abnormal fetuses were found among 268 live fetuses in

the 8.5 day group.b The. most frequeﬁt external anomalies were |
;exenéephaly aﬁd oﬁeg eye (figpre 11). cher anomalies such as'amélié

(figure 12) were rare. These results cleariy indicated that day 7 and
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Figure 9 The relationship between the ddy of' first exposure to cadmium chloride and crown-rump lengths of

viable fetuses. Each dat@d point (I) represents mean + S.D. Values significantly different from

controls are indicated with ltwo asterisks'
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 Table 3. Effects of Maternal Exposure to Cadmium Chloride ( 4mg / kg ), Intraperltoneal InJection, on'

Gross External and Skeletal Morphology of Fetuses.

Day of Pregnancy

Morphological Feature a

7.0 -.8.5 | 7.0 7.5 8.5
- Control '

" Number of litter examined 20 (2129 [ | 14 (58) © - 20 (218) 20 (208 )
Exencephaly | 0 a3 @2y 17 o3 0
Open eye 0. a3 )" 17 (58 ) .0

‘Lack of forelimb ' 0 - 0 , . 0 ' 1 (D)
Lack of hindlimb 0 ' == =) .0 | 1 (1)
Additional rib 5 A 3.4 3. 3°(6)
Defective rib 0 - {— 8 (16) " 12 (38)""
Skull: retarded ossification 2 (2) 10 (36) B VAN RT3 M 12 (109"

Défoctive vertebraes 0 0 4 0 - 2 (5)

Note The maternal animals were sacrificed and examined.on the 18.5th day of gestation.
#The number of fetuses is given in parenthesis.

%k
- Significantly different ffom the control at P*(0.0l as“determined by Fisher's exact test.

8y
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Figure 11 Lateral wview of 18.5 days mouse fetuses from groups of
pregnant mice treated with 4 mg CdClzkg -1 on days 7.0 or
7.5 of gestation:(A) Contrel (B) fetus with exencephaly

(C & D) fetuses with exencephaly and open eyes.



Figure 12

Latexal view of 18.5 days mouse fetuses from 2 group of
pregnant mice treated with 4 mg CdClzkg_l on day 8.5 of
gestation:(4) fetus which lack of forelimb; (B) fetus

which lack of hindlimb,

50
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7.5 were the rost crltlcal perlods ‘with the hlghest 1nc1dence
(92 % and 85 %) of external anomalles.

The iﬁcidence of skeletal melfofmatiéns was
significan’tly: highef in the 7'.5' and 8.5 ‘day groups thari.in the control.
In the 7.5 day gfoup 116 of 218 fetuseslhad.skeletai malfermations
including fused riﬁs (figure 13); short fribs (figure 14),_missiﬁg
ribs (figureIIS) and retarded ossification of skull (figure lG)f
In the 8.5 day group 109 of 208 fetuses had»skeletal malformations
1nc1ud1ng fused rlbs, shoxt rlbs, m1551ng ribs ,bifurcated ribs
(flgure 17), rudimentarysand f1lying Tibs (flgure 18) and retarded
ossification of skull. In addition, two of 109 fetuses from the
8.5 day group had defective vertebraes incleding fused vetebral arches
'(figure 19) and hemivertebral a?ch'(figure 20) .

Injection of‘ﬁormal saline into‘control animals '
had no effect on fetal development..vNope of “the fetuses”fsom control
group had exencephaly or eye deformieies. ~Not surprisingly, 11 of>212
fetuses from contfol groep had additional ribs and 2 of.212‘had
retarded ossification of skeil. These relatively lowAbackground
incidenee'of edditional rib aﬁd retarded ossification of skull have been

considered as sporadic malformatioms.

k4

Postnatal Growth and Development of Fetuses Exposed to

Cadmium Chloride iﬁ Utero

Detalled results of postnatal growth and deve10pment of mouse -

fetuses exposed to cadmium chlorlde in utero are summarlzed below
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Figure 13 (A) Distal fused ribs. Cdcl2 4 mg kg-l on days 7.5 or 8.5
of gestation. Specimen is stained with alecian blue and

alizarin red S, Cartilage stains.blue and bone stains

purple to red. Magnification = x 40
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Figure 13 (B) Proximal. fused ribs, CdC12 4y mg kgm1 on day 7.5 or 8.5

of gestation. Specimen 1g stafned with alcian blue and
alizarin red S. Cartilage stains blue and bone stains

purple to red. Magnification = x 40



Figure 13 (C) Central fused ribs CdCl2 4 mg kgal on day 8.5 of
gestation. Specimen is stained with alcian blue and

alizarin reds8. Cartilage stains blue and bone| stains

purple to red. Magnification = x 40

54
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Figure 13 (D) Central & distal fused ribs. CdCl, 4 mg kg—l on day
8.5 of gestations Specimen #s staimed with alcian blue

andglizarin (fed 8. Cartilage stains blue and bone stains

purple to red. Magnification = x 40
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Figure 14 (A) Shortiribs CdCl, 4 mg kg—l on day 7.5 of gestation.

Specimen. 1s stained with alcian)blue and alizarin red 5.
Cartilage stains blue and bone stains purple to red.

Magnification = x 40
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4 mg kg-l on day 8.5 of gestation.

Fifure 14 (B) Short.rib. CdCl2

Specimen isfstainéd withlaleigl ™ blue and alizardin ved S.

Cartilage stains blue.and bone'stains purple to red.

Magnification = x 40
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Figure 15 Missing ribi CdCl2 4 mg kgul onwday 7.5 or B.5 of gestatiom.
Specimen is stained with aleian blue and alizarin red S.
Cartilage stains blue and bone stains purple to red.

Magnification = x 40
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Figure 16

1

(A) Skull: fidrmal ossificationlNormal saline 0.2 ml kg

on| day 7.5 or 8,5 of gestation. Specimen is stained with

alcian blue and alizarin red 5. Cartilage stains blue ang

bone stains purple to red. Magnification = x 40



Figure 16" (B) Skullk retafdeéd fssificatdon. CdCl2 4 mg kg_1 on ‘day

7.5%r 8.5 of gestation. Magnification|=.x 40

60
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Figure 17 Bifurcated £ibs. CdC12 4 mg kg-l on day 8.5 of gestation.
Specimen is stalmed with alcian blue and alizarin red S.
Cartilage stains blue and bone stains purple to red.

Magnification = x 40



Figure 18 Rudimentarygénd flying rib. CdCl2 4 mg kg—l on day 8.5 of
gestation. Specimen is stalned with glcian blue and
alizarin red S. Cartilage stains blue and bone stains

purple to red. Magnification = x 40
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Figure 19

Fused vertebral arches. CdCl, 4 mg kg—l on day 8.5 of

gestation., Specimen is stained with alcian blue znd
alizarin red 8. Cartilage| stains blue and bone| stains

purple to red. Magnification = x 40
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Figure 20 Hemivettebral arch, CdC12 4 mg kg_1 on day 8.5 of gestation.
Specimen s .stained with alciagyblue and alizarin red S.
Cartilage stains blue and bone stains purple to red.

Magnification = x 40
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A. The Bodf Weight Development of'Iﬁdividuél offsprings.

Thé weight curve of the'offspfings from.timevof
pérturition till the.-28th dé& aftef birth are'preseﬁted in figufe'él.
‘Birth weight of offsprings from the experimental group did not differ
significantiy from theiconffol. The gody weight of offsprings from.
control group were significantly ﬁigher than the body weight of
offsprings from experimental_group on day 7th after birth., This
- indicated that fhe offsprings frém coptrol group gained their weights
faster than those from experimental group during their first week of
postnatal life. Body wéight development of offsprings from both
experimental and canfrol groups /did not differ from each other after

the 1l4th day of postnatal life (figure 21) .,

B. Earliest Time of Physical Landmarks Appearance

Table 4 showed the day of physical Landmarks appearance
éf the growing offsprings. In aadition, the aﬁsolute and relative
number of the offsprings that failed—to meet these test criteria are
shown for both groups. &Exposure of méternal animals to a single dose
of cadmium chloride (4 mg. kg-l) on day 8.5 of gestatidn had no
significant effectls on physical/ development/in the 6ffspfings. There
was no difference in the percentage of-the offsprings that failed to-

meet a partieular test criterion in both control and experimental groups.
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" 16 ] o—o Control group (N-160)

| A.....a Treated group (N=80)
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Figure 21 Postnatal weight development of the offsprings of mice

exposed to cadmium chloride in utero on day 8.5 of gestation.
Each data point represents mean weight. Value significantly

different from control at P < 0.0l as determined by 2 -test

are indicated with two asterisks.



Table 4. First Appearance of Physical Features.?

Control Group.

Physical Features '
: A , Number

Treated Group

Number Day of first

Day of first Affeéted 7% Affectgd‘r Z
‘exam. éppearanqe offspringv affected exam. appearance offspring'v affected
Pinna detachment 160 (20)® 3 0 0 80(10) 3 0 0
Ear opening 160(20) 13 8 5 80(10) 13 3 3.75
Eye opening 160 (20) . 14 5 3 80(10) 14 2 2.50
Testes descensus 92(20) 25 3 3.3 38(10) 25 2 5.26
Vaginal opening ' 68 (20) 35 5 7.4 .42(10) 35 3

7.14

aDay of first appearance of physical features‘( Day after birth ),

bFigures in parenthesis give number of litters examined.

L9
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C. Functional and Behavioral Tests

Table 5 ’showed the results of funci:ional and beﬁar‘ioral
fest;s. In addition, the absolute and-relative number of those animalvs
‘that failed to meét particul‘af test criterion are shéw;m‘ for both groups.
No changes in swimming attitude and le‘arni‘ng behavior in the offsprings

were obtained'aft_:er the exposure o nal animals to a single dose

“’f gestation. -The percentage
of the offsprings that fai @i’ test criterion did
not differ s’ignifiéantly( oth control and experimenté.l

N

of cadmium chloride (4 mg. kg

groups.

')
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Table 5. The Results of Functional and Behavioral Tests.

’ Control Group 1 Treated Group
Parameter - Day of Number - "Affected % Number Affected %
'testing‘ exam. “ offspring. affected . exam. - offspring affected
Swimming 14 160 (20)® -, 0 80(10) 0 0
Learning” 27 . 160(20) 265 16.25 80(10) . 14€ 17.5
Memory® = 34 160(20) - £ 55 71.88 80(10) v 52¢ 65.0

' aFigufes in parenthesis give number of licters examined,
bMajority of the offsprings from control group entered the box between 2-4 times.,

“The affected offsprings always enter the box even after the 20th trials.

dThe offsprings were considered to have mémory deficit when they entered the box more than 3 times in 5 trials.:

®The affected offsprings enteréd the box 5 times in 5 trials.
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