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..~ " ABSTRACT

‘QrganOphosphatés because of their many advantages have

1n_most cases replaced the. chlorinated hydrocarbons such

as D D. T Malathlon (Cythlon) is one of the organophos—.

phate 1nsect1c1des least toxlc to mammals. The toxicity
N ‘

and the prodhction of terata by Malathion has been recorded,
but the causes of the malformations have nOt"

The organophosphate, Malathion®
4

: has been used in these
'studles to establish a reprodu01b1e system for 1nvest1gat1ng

teratogenesrs during development of the Cthk embryo. The

teratogenic agenq,;nterfered with normal development of the

limbs.

-Staining with Toluidine Blue reVealed a'deficiency of
.cartllage characterlzed by a visible lack of ground subs-
tance surroundlng the hypertrophled chondroﬁaasts. Poor _

gamma metachroma51a 1nd1cated a,lack of anlonlc groups 1n

" the extracel{gézrmatrlx. SPElelC stalnlng for the chon- B

dr01t1n sulphates in the ground substance.showed a defi-

ciency of these sulphated mucopolysabcharides.‘ This defi-

crency .was borne out by radloautography w1th S whrdh
showed little incorporation into the’ chondrotrlnfgalphates

—

I

of the.matrix in the cartilage of both ‘forelimbs and hind-
llmbs of the embryo.

Prellmlnary studles have shown a lack of perlchondrlum
/
surrounding the cartllage model. Thus it would appear that

- the synthesis'of the protein-collagen is being:affected.

\




tase - .involved in matrix formation and calcifica

-;‘;

—vii-
A histochemical study of the alkaline'phbspha-‘\g o
tiin-bf

h H
cartilage showed that the production of the enzyme was ¢

‘affected in'the‘Malathion-treated'limbs.‘ Biochemical assay .

confirms the results of this histochemicallstudy:

v



RESUME

‘Les avantages que présentent les organophosphates ont

falt qu' 1ls ont remplacé trés souvent legs hydrates de
carbone chlqrés tels_que le:D.D.T.

) K L'oréahophbsphate‘Malathion (Cyt-ihion)R est ﬁﬁ insectf-'
cide’ m01ns toxlque pour les mammlféres que le D.D. T. La -
toxlclté du Malathlon et la productlon de formes exceptlon-
: nelles (monstres) ont été étudlées et observées mais les
causes des malformatlons sont 1nconnues.‘

R

Le’ Malathlon a 6té utlllSé dans 1e but d4° établlr un

'“systéme permettant d'étudier la tératogénese au cours .de

la formatlon des embryons de poulets.‘ L'action tératogéné

se manlfeste au nivean des membres. "La aoloration des tis-
sus aun b@au de toluldlne met en év1dence des anomalles du
cartllage caractérlsées par l'hypertrophle des chondroblastes.-
‘La falble metachroma51e Y suggére une, déflcience de groupes'
d'anions- dans la matrlce extracellulalre, | |
Ia coloratlon spécmflque des sulfates de chondr?ltlne _

de la matrlce 1nd1que une déf1c1ence de ces mucopdlyaaccha- ’
rldes.; Cette déf1c1ence .a &ts mise en &vidence" par 1a falble
1ncorparatlon du 535 aux sulfates de chondroitine de la matrlce
‘des cartllages des membres antérleurs et postérleurs des
'embryons. ) S . \ . |

' Das_études préliminajres ont ré&vélé une abaenca de’ péri-
chondre autour du cartilage embryonnaire ce qui porte 3 croire

que la synthése du collagéne est touchée.-



f

Une étude hlstochlmlque de l//phosphatase alcallne uti-’
, llsée dans la formatlon et la ca1c1f1cat10n du cartllage a

_démontré que la productlon de l'enzyme a été 1nfluencée dans

<
les membres des embryons traltésqg\\Malathlon. Des tests

‘blochlmlques conflrment les résultats de cette étude hlsto- ’

b

- chlmlque.- o p' . o Ce

&



INTRODUCTION =~ - . . |
‘ o \ .. ’ ' . - . . - “'

. A- fhfﬂistory_bf theaDevelopnent.er Studres ef'@erata :_
| Malfbrﬁationsleccuring-ln'embryes have been'a subject

- of human ~cencern srnce man flrst began to keep’recerés’tﬂ
the hlstory of manklnd Oné *of the earllest recorded ac-
counts was. shown in Egyptlan wall paintlngs‘made 5 000 years

__ago show1ng a clugffbot LStelndorf 1939)

2

causes developed’into the study of Exper1menta1 Teratblogy.
O ,

The flrst-experrmental teratologlst was Etlenhe Geoffroy-
de-Saint—Hilaire (1832f. During the early 19th_éentury he -

attempted to reproduce.abnormalities in cHicksembryos by
" -

phy51cal trauma and abnormal atmOSpherlc condltlons. F&ré

_ (19Q21,n0t only used physical measures butlnjected numerous ' o

'chemicals 1nto.ch1eken eggs and described the abpormalltles

. » . . - .
he induced. \

Experimentai ma@malian‘teratology has progresseq rap-
.idiy gince 1940. The flrst experlments included the'use'
'of phy51ca1 agents, temperature and humldlty changes, hypox1a-

.

and 1rrad1atlon. Various hormOnes~such_asncertlsene, insu- _
1lin and certain'sex hormonee have heen employed. Certa;n;é;/} '
'nutritfbnai deficieneies orieicesses and seme;viral-disea.'s :

have also produced malfonmatlons in embryos. Since the ‘. f\
_early experlments the\;tua;%;f terat010gy has extended to

" include the effects of chemlcals and drugs durlng embryonlc

" life and growth. B ; ' . - T



Stockard (1921) observed that the type of malformation

produced depended on“the stage during developmentﬁwhen the -«

/— e e g

treatment- was admlnrstered (Ancel 1950 and Landauer lQSA}
It was shown that varlous agents” admlnlstered at the same "\
stage ofﬂchlck embryo develoPment tended to produce thelr
own unlque.syndrome ot malformatlons. daiathlon(admlnlster—
ed at days'di,—-s of deveIOpment produces a type of syndrome
between days 14 and 26 of embr&ogenesis:iY the.chick embryo ‘\
a(Greenberg and LaHam 1969) ‘ v N |
The drug Thalldomlde is an example o£>a chemical that

w1lI produce terata. This tranqulllzer, pOpular in the

l960‘s caused the reductlon of one or all the bones of .
the upper and lower limbs. The malformatlons were usualIy.‘ ‘!!
symmetrlcal and bllateral with the upper 11mbs more often |
affected than the lower. Thalidomide. caused these limb

defects 1f the drug was taken early in pregnancy (McBrlde
1961, e e

"B~  The Role of OrganOphosphates and Their Tox1c1ty

’

Many of the organophosphates used w1dely as lnSect1c1—
des_appear to have a lower mammallan toxicity (O'Brlen
””[1960)_but,aréchigh1y 1e;ha; to insects (Spiller 1961).
‘Recent investigations'have“shoun that\certain organophos-l
phates have produced‘gross teratisns in certain species

of Teieost-fishes (Matton 1970).

| ’ Organophosphates undergo self-degradatlon rapidly by
1somer1zat10n or by hydroly51s w1th‘1mmediate loss of thelr“

‘_actual potentlal blologlcal act1V1ty (O 'Brien 1960, 1967) .

v - c
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Another important factor in detoxifichtion'is the ability

Of th organism to degrade the oréanOphOSphate and to do

so'rapl ly. The organophosphate can be degraded by various

tlssues mncluding llver, kldney, lung, braln and muscle

(Murphy and, Dubois 1957 Seume and O'Brlen 1960) There-

fore, the mo

of admlnlstratlon of a compound to an anlmal
'has a gfeat in uence; the\toxlcity'will be largely de-
creased if tﬁe.cO poﬁnd goes - through £he.liver before reaching
its target Og‘ofgan systems. & - -
In the chick embyro the‘cellé‘of the liver are present
at an early stage'of dev loP%ent (da§ 5) but'thef do ‘not
.begln to éunctlon untll approxlmately day 10 of development
(Romanoff 1960). Therefore, thls makes the chick embryo
an ideal experimental eubject in which to locate,and deter:
mine,hew the target of.the teratogenioyagent was affecfed.f\a\\\\'
In this preject Malathion was selected as an agent because

it is a consistent producer of malforEQEIAns and it is one
N .

!

of the most common pesticides in use.

C- Statement of Probleﬁ

»

It is known that varioes agente can induced cengenitéll
halforﬁatiens er terata in developing evian and,mamhelien‘
eﬁbrfosl(Landauer-1954; Landeuer and Wakasugi i9681 Qver-
man. and Beaudoin 1971). - | | -

One- of the less. toxic organophosphates'Malathion (Cy-

-Tﬁhion)R (0,0—dimetﬁy}8~%l,2-dicarbethoxye£hyl) phosphore-
dithioété); hes been used to achieve'censistenﬁ repfodueible

malformations in chick embryos (Greenberg and Laham 1969).
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.\ - ._.‘

mal cartllagejmodel mustfﬁe\groduped in order .

L4

and. its ~compong nts-in normal and malformed llmbs it -was

hoped that we could demonstrate ‘'when and 1n #hat ‘manner

[T

the target tlssue was belng affecteq, .'Q.
_are stroné

A current theory states that teratog

chelating agents and chelate metal ions such as 1ron, zine,

o

cobalt or copper. These metal ions are essentlal for the

o

actlv;ty of enzymes (e.q. protocollagen prollne hydroxylase)

. needed for collagen synthe51s and maturatlon (Barr 1973).

Inhlbltlon of synthesis and maturatlon of collagen will
result in malformatlons in developlng structures of exposed

embryos;
8 .



© A - Procedure

MATERIALS AND METHODS

L}

Inoculations Lo

. . \\:,‘ .
Feftile white leghorn’eggs Strain‘F 934, purchased .
from a commercral hatchery (Neuhauser Poultry Coq Strat-

ford, Ont ) were used durlng these studles. .The eggs

werealncubated 1n a Jamesway srngle stage incubator at

" dry and wet bulb readlngs of 38°C. and 3Q"C. respectively.’

- On candllng, eggs wrth 1mproperly calcified shells; tre-

_-drops of molten wax and the eggs were returned to- the lncuba-'

'mulous alr-chambersor blood clots were dascarded. The air-

chamber, through Whlch 1noculata.ons were to be made was

outllned and the pOSlthn of the embryo'w1th1n the eqg
was marked. ‘9'- . - S - e

. The blunt end of the egg was sterlllzed W1th 70% ethyl
I
alcohol and a hole was punched-in the mld—centre w1th an

‘egg punch Looslbpleces of shell around the hole were re-

moved andrghe incoulations were made. Injectlons Were gLVen
T

“into the yo%k at an angle of. 45° away from the embryo to

avoid traumatrzrng it. The hole was sealed with a few

-tor when the wax_was hardened In all cases of 1nocu1at10ns

a total of 0.1 ml solutlon was 1n3ected using -a sterlle
X _ )
tuberculln syrlnge and a 20—gauge, l—lnch needle.-.

The eggs were candled every 24 hours ~and samples of

‘control andJmalformed embryos collected. " bead embryos,weregt

4 .. B
discarded.
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B- Compounds injected -

1-, Malathlon ~ To achleve a consystent number of mal-

1
r

formaéeons an injection of 6% - Malathlon or 7. 02 mg per egg

at days 4% - 5 of development ‘(Hamburger and Hamllton 1951)

was emp loyed. This was shown by Greenberg and LaHam (1969)

to produce malformatlons in.80% of surv1v1ng embryos. .
. Control samples were injected w1th 0. l ml corn 01I

L] ®

(Mazola) ~or 0.1 ml~ of phy51010g1ca1 sallne, also control

stabs or untreated were run concurrently in each experlment.

Preparatlon of Malathlon - 6% (7. 02 mg)

.9.4 mls of corn 011 {Mazola) were mixed w1th 2 6 ml

L]

of '95% Technical Grade Malathion.
: : N

A . N Vog . -
- . »

¢ o

T Preparation and fikation of materials

1~ leatlve S . f‘
N | . :
In wax embeddlng the procedure of wllllams and Jackson s
L]

Formula for cetyl pyrldlnlum chlaride was used (Clark and

Grant 1961; Pearse 1969)..0Cety1 pyridinium chlorlde forms

B

insoluble complexes w1th~a01d-mucoPolysaccharldes (Conklina= ,
1963) .. A B -
- 2- 'Sample number selection . ‘ ’

R

In hlstologlcal and histochemical observatlons ~100-150

slldes‘Were examlned for each parameter of the 1nd1v1dua1

experlments. - S ‘\\\\a//
] . -“.l__

-

D- Measurement of llmbs ‘ ‘;:\\_
‘ Day 6 12 embryos were fixed in Williams and ckson's

flxatlve (Pearse 1968) for 48 hours after whlch all four

. 'y .
.
o , . ;ﬁé
.



. ’ . ' J‘.f. N
. limbs were thep amputated and measured using a dissecting
microscope-with‘an ocular micrometer.  This was necessary

to determlne ‘at what stage of development the ilmbs were
\
belng affected

y o
LR
. ¢ Lo =

E- . Initlal Morphologlcal and Hlstochemlcal Investlgatlons .

e

- _Grqup A - Controls - The controls were untreated conn-"
"trol stab and 0.1 ml 1nocu1at10ns of phy51olcg1ca1 sallne -
L S s ‘ . . .

and corn 011

- Group B~ Treated - An 0.1 ml 1nocu1atlon of 7. 02 mg

of 95%\Technlca1 Grade Malathlon (Cyanlmld ‘of Canada) 1n

- L“ . .

corn 011 was 1n3ected LT ‘ ‘ _ IR , -
Whole limb'samplesﬁ;grexfr-ed%in erllams and Jackson s -
‘Fixative for at least 96 hours. ;The llmbs\\ere dehydrated o i

.—-embedded in paraffln and sectlonéd 1ong1tud1nai1y\at 6 micra
Fnd stalned in"p. 1% buffemed Toluldlne Blue (pH 4. 4) for
© 2 mlnutes (Pearse 1968) The/df“‘Toluldlne Blue exhibits
fmetachrgmasia in‘the presence of certain anionic grqups\
- e.g:‘tne_carbox§1.and sulphate groups,(CIark and Grant
1961; Pearse'IBéB) Toluldlne Blue demongtrates 7? metd- .

-

:chromaSLa and ‘i's used- to study cartllage. : " ‘ _ . R

= - Ideﬁtgg;satiog of Different Acid Groups of The Acid

Mucdpolysaccha;IEEEN(Qhondroitin Sulphates)
~ = P

.Histology - Sections of 6 p from conttrol stab and

Maiathién-treated‘samples‘were given identical treatment
N e e

(Carlo 1963). The slldes were stalned for 30-60 mlnutes

with Alc1an Blue BG X: 300 0.5% (E. Gurr Ltd. ) buffered at

. . . .

L : . . P .

™ - . \ -

: . - ‘ . o .
o . . . . . PRS2t
B

. ) . )

.
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PH 0 5; washed for 10 seconds in Walpole's sodlum acetate-
ﬁmydrochioEIE“aCLd buffer pH 0 5 (Culllng 1963) ; rlnged in

water and stained for 30-60 mlnutes w1th Alclan Yellow Gx
(E Gurr Ltd ) 0.5% pH 2 5.

.

The slldes were examlned at 10 mlnute 1nteruals from
' 30- 60 minutes for colour reactlon, 100 slldes were examlned
at each time period. ‘Sulphated groups are coloured blue
and,carboxyl'groups yellow. Acid_mucopolysaccharides

(choudfo%tin;sulphates) which possess both carboxyl and
L : . - ‘
suiphated groups are coloured blue-green.

G-  Radioautography s33

To determine the distribution of, the predominant acid
mucoPOiyéaccharides (chon&roitin sulphate) of the gtound
eubstance rad%oautoéraphy was done ueing.s35 (aqueous,
solution‘carrier freé;\}ﬂ 6-8,. Amersham.and Searle, Toronto).

Controls of normal untreated, control stab and corn ‘
0il + isotope (S ) were used. A dosage of 5-microcuries
(ucy diesolved‘in 0.1 ml of physiological saline wae used
-to make.uprthe isotope solutioﬁ. In the Malathlon-treat<g -
embryos a dosage of 6% (7.02 mg) of Malathlon was followed

" by an injection of.5 ue of 535 dlssolved in 0.1 ml of phy-

siological 'saline.

Histoiogy - {Radioautography) - Sections of 6 micra

were mounted on pretreated and subbed slices (Rogers 1967) .

They were dipped in a solution of celloidin and dried. for

24 hours-and-thén dipped in Kodak,NTB3'emu131on. ‘The 1ight
/—-’ = ) . . . -



L ) 1 - .
source, was a Wratten series 2 safelight' Temperature of

'the darkroom was . 68 F and the relatlve humldlty was . 45 50%. ’
~ The coated slides\%ere dried and then ex;osed in sealed ' ’
boxes contalnlng/drlerlte at 4°c. 10 test slldes were d
developed every 24 hours from days 3 to-9 of exposure to
‘determine the correct exposure tlme. Slides were develoPed
in theudarkroom for 10 mlnutes in Kodak D19 at 4 C and then ;
washed for 30 seconds in dlStllled water at 4°c. The radio-
autographs were hardened in fixer (Kodak) a} 4%¢c.. and‘nashed'
1 hour in cold runnlng water., If slides werebnot to be
.stalned they were mounted in permount 1mmed1ate1y.

Slides to°be stained were next washed in cold absolnte o ﬂ
_ethyl*alcohol 5 minutes'followed by 2 changes of 5 minures
each of abeolute ethyl alcohol at room tenperature; The -
slides were then stained with 0.1% buffered Toluidine Blue
'ka 41.4) for'2 minutes, dehydrared, cleared and mounted in

permount.

4]

H- - Connecrive.Tiseue Study of Cartilage:

'Cartilage contains'collagen fibres which contribure
to its‘tensile wtrength. The'oqtermost laYer of perichon-
dium‘eurrounding the‘cartilage model is predominantly of
collagen fibres. A modified method of.Weigert'and Van-.
Gieeon‘s Connective Tissue Stain was nsed in an attempt to
stain the.Follagen.fibres (Culling l963).

'The results show: A |
Nuclei. - hlue—blackﬁ N ; .7; _ : s
Collagen - bright red

. \
Cytoplasm and muscle - yellow-brown
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I~ .Histochemicai and Biochemical Study of Alkaline Phos-

phatase (E. C 3.1.3.1.)°%

-

Alkaline phoSphatases play a role in matrix f%rmatlo
‘and calc1f1cat10n of. cartllage . Two methods wer -d5ed to -

evaluate theupresence\of the; alkallne sphatases.

A- Histochemical Meth mﬂmﬁSdIfIEafion—of—Gomori's

~

Technlque was used,iPearse 1968) ThlS method depends onhﬁ;

—_—

the dep051tlon of calc1um phosphate at 51tes of enzyme actl—
> vity. Sections are 1ncubated w1th an organlc phosphate ester,f?‘

++
in the presence of Ca at pH ‘of 9.

Treatment of speCLmens - Alkallne phosphatase was - -_‘i

-determ ned on treated and control embryonlc limbs from days
6-12 of development. L ’ .
The embryos were removed from the shell ,rlnsed in

saline, blotted with filter paper and both forellmbs and . ' .
/

T
hindlimbs were amputated., Each limb Iaced—in a. scotch
15 7 ) M: ) ;}

tape boat filleddwith Tissue—TekR compound (Ames Co.) . 7

- Samples were quick'ffozen in liquid nittogen and stored . e
. ) . . . . . '/ . :

at -80%. - - S S
Longitudinal sectlons of 12 U were. . cut and mounted

on coversllps and Gomori's MOdlfled Method for Alkallne

Phosphatase used Clean black dep051ts of cobalt sulphlde ’j _é_y

, lndlcate sites of enzyme aCth1ty. I \n” T i

- . ™
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;“‘Bf Blochemlcal Method for Alkallne Phosphatase -~ L
Forellmbs and hlndllmbs were amputated from freshly killed

day 6-1},embryos,:WasheS;;n-phy51ologlca1.sallne? blotted
dtf and frozeh in'liduid nitrbgen and stbred at -60°C.
The - number of’;ambs in each sample was determlnea on a

welght baSlS.

)

-»-aﬁzhggsample (fore- or hlndllmbs) ‘was homogenlzed at 4°¢c.

for 5 mlnutes in a glass tlssue grrhder at 4°c and centrl—

‘-

. fuged at 3,000 r.p.m. £0r 15 mlnutes at 4° C.

~—i

Hﬁhe aikallne phosphatase was determlned on a sample

of the supernatant u91ng an enzyme klt (Boerhlnger and Manﬁ-

helm Corp., New York). The test xs~based*on the fact that
p Phosphatsse Spllts p-nltr0phenyl phosphate lnto organlc
f/phosphate ‘and p-nltrophenyl which is yellow in an’ alkallne
solutipna Enzyme activity was measured by the yellow colour
formed using a Gilford Spect:ophoﬁometer Model 2400;‘ The -
wave length-usedfwas 460 nm.

.,'b.. . st v -
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D- Measurement of Limbs . R S j o ._\'
Total sample numbers of'limb measurements'wefe taken

for a period of 7 days (days 6-12. of embryogene51s) They i

\CODSlSted of o ' o N

Kl

Control stab - 126 fo_reiiiﬁbs 126 hindlimbs
Untreated = 125 e | 125 '
Corn oil injected | 144 . 144 " )
6% Malathion a20 v a2, "
injected o
TOTAL | _' 815 - forelimbs . | 8is5 hn.ndllmbs

S S
Using an analysis df‘variance,(Scheffé test at 5%)

L

_Figs. 1-4 showed that the definite effect of Malathion on
limb growth occurs between days 8~ lO in development. There-
fore<ailuexperimQNFs perfomred Qubsequent to ‘these measure-
ments were carrled\out routlnely between days 6 12. Unless \\\

.otherwise.indicated day 9 samples were used for 1llustratroo L

of results. ' _ - I P

"E- Initial Morpholoéical and Histochemical InVestigations

’,

There was no-ozservable dlfferences in the gross. mor-

phologlcal or hlStO oglcal appearance between the untreated -

e R -

controls corn 0il injected d COntrol stabs. Standard
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“a- forelimbs - The forelimbs of the\kontrol:stab

embryos had normal cartllage formatron,_the radio-ulnar

'development appeared normal and was well developed. Hlsto-

chemical study showed hi metachromasia in the cartllage !

stdined with- “the buffered Toluldine Blue espec1ally over:
o
the - matrlx and around the lacunar margrns (Fmg. 5). Tﬂe~

‘cartilage was normal in ‘all respects. . S f;

" The forelimbs of the ﬁalathion—treated embryos sh0wed
‘abnormal development of the radil and -a lack of chondrogenlc'
. tlssue. The ulnae were' abs%nt (Flg. 6) The stalnlng pat-
'tern was uneven with light pink areas 1nterspaced by darker

'metachromatic areas resulting in a “bandlng effect“ in the

a
[

cartilag . | ‘ |
b—fw 1nd11mbs.—: The hindllmbs of the control gtab
embryos had normal curvature at the tlblo—tarsus joant
(Fig. 7} . TAll tiblae were well formed and the  tibio- femur
tjoints-were normal in appearance. Gamma metachromasra was
present in all cartllage elements. i
' Hindlimbs of. Malathlon—treated embryos exhlblted oedema
and lacked the normal trbia—tarsul curvature (Flg. 8). The
‘tibia-femur joint was malformed and in some cases absent in
uthe Malathion-treated embryQS'compared to the7control
(Flgs. 9 and lO) 'In the'affected hindlinbs certain. chon-
dQEElasts were hypertrophled and even vacuolated'in some
cases along wlth an abnormal amount of. extracellular mtrix. In
certain llmbs the mesenchyme falled to differentiate 1nto (?

chondroblasts (Frgs. 9 and 10). e

®

[



Fig, 5. Section-of a forelimb from a'déy 9 embryo- controls.

The development of the caltjlage is normal in the
.radius and ulna. Toluid

ine Blue. 45x.

'y ) Sl
T - w ]
. .
4
o o . N :
- i . R *
. . N 2 b ~ . N ) ] ' . L . . ) -u -
" Fig. 6. Forelimb section from a Malathion-treated embryo -
~ .showing abnormal development of the radius and °
T " lack of chondrogenic tissue. (arxow). Note the ey

- "banding effect" in the cartilage. Toluidine Blue.
.. 45%x. 9 . . . S ' )
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Fig. 7. Section of a hindlimb corresponding to the forelimb
- in Fig. 5:'-I; has normal curvature at the tibia- :
tarsus joint {arrow a) and a well-developed tibia-. ' :
. femur joint (arrow b). There is an even pattern of
/r , Yf.metgch;omasia.quuidine Blue. 45x. . - : ,

i

——————

Fig. 8. Section of'a hindlimb from a Malathion-treated embryo.
- It corresponds. to: the forelinb in Fig. 6, The tibia-
1 tarsus joint is abnormal. Chondrogenesis is abnormal .
- ' in the diaphysis of the tibia (arrow a) and in the
L S proximal head of the tibia‘(arrow b). Some chondro--
blasts (arrow. c)  are hypertrophied with little matrix:
around them. There is no uniform y-metachromatic -

. "

pattern. Toluidine Blue. 45x.\§\ . | .-u_-..nlf-
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. Fig, 9. Hindlinb from a control'9-day embryo. It shows a
; " ‘normal tibia-femur joint' and chondroblasts that are
well-differentiated anmd have a normal amount of
matrlx. Toluidine Blue. 125x.‘ :
] .
o e 1S
: ot
!

i Fig. . 10_, A hindlimb from a 9—day embryo."THé mesenchyme -
- shows lack of differentiation. The chondroblasts
Lo ‘ © - that have differentiated are hypertrophied. and ,
¢! . have an abnormal amount of ground substance. Arrow A
I . Toluidine ‘Blue. 125 x. = ' 7 - : . ¥
. o ' . |
i : . ‘



F- Identification of Diffefent Acid Groups of the Acid

Mucopolysaccharides (Chondroitin Suiphetes) o

‘/

There was a maximum colour reactlon seen in the speci- -
‘mens stalned for 60 minutes in the Alc1an Blue and Alcian | ; :
Yellow.

1n°£hé oonﬁro} stab slides 3 colours were present.
Yellow was predominant over the,BOdQ'of the cell and blue
was seen in the extracellular matrix. The colour blue-greeo
was especiallf predominsnt along the margins of the . lactunae
of‘the ohondrobles;s'and theoadjeceot area of the ground
substance (Figs. il and 13). . 3

. In ﬁhe affected tissue 2.colours only were‘seen,‘yellow ) ,
predominatiﬁg over tﬁe cell body itself and green along the {/fﬁ_mi‘
lacunar margins and over the‘extracellolar L_natri:tfT The. -

colour blue-green was not detected (Fi?s.y12iaod-l4).

g

L

G- Radloautography-s35 e

Embry0n1c llmb sections ﬁré//the untreated and control

,

stab groups 'were used to eﬁéluate the degree of background
(Rogers 1967) The/limbs from the oil plus the isotope
.ln]ected spe01mens served as control samples 1n comparlng
isotope uptake. . = .’ . - ) . | ' uir
a- Forelimbst- The forelimbs of embryosiinjected with

S‘3l5 15 corn 011 were normal in all’ respects. The ébén dis-
trlbutlon of the 311ver gralns attests to the unlform in-

' corporation of the isotope (Flg. 15).; In contrast, the fore-

LY

limbs of the Malath;on—treated chicks had an uneven uptake of

L



Control tibial cértilage:ofla.9-day-embrYo.;”Thére'

_-are 3 colours present. Yéllow is-present gver the.-

cell body and blue is seen in the ground substance. . -
The. colour blue-green predominates along the lacunar

margins of the chondroblasts and i the adjacent
area of the matrix..- Alcian Blue Alcian.Yellow. 125x.

Tibial cartilage of an embryo cor;esponding to that
in Fig. 11 from a Malathion-treated embryo. Here 2

colours only are seen, yellow over the cell body and

green along the lacunar margins and in the adjacent

extracellular matrix. ‘Alcian Blue Alcian Yellog, 125x.

-
¥
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Fig. 13. This corresponds'to the cartilage shown in
- Fig. 11. 500x. - //j

K' T
" Fig. 14\\\This correSPOnds to the cartilage seen -in
Fig. 12. 500x. : - » ;
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g

?hdtoradiograph of a forelimb grom'a 9-day control
embryo.. Bgth.?he uptake of s3° and the pattern of
grain density is even.. Unstained.. 45%. :

\

*

'Sectién of a forelimb from an embryo treated with-

Malathion plus 635, qhere is an uneven uptake of

'g35

particularly in the radius. A "banding effect" is .

present. ~Unstained. 45x.

T

\ .
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the ieotope. This resulted in a “bandihg effect"” in the
pattern of grain development (Fig. 16), which correspinds
exactly to that observed in the affected 11mbs stalned w1th
Toluldlne Blue.

b- jH;ndllmbs - The radioautographs of the contrel hihd-
limbs alse had a aniform S;S uptake and grain density.u This
was seen in'the‘proximal and diseal heads of tﬁe tibia and
tarsus (Flg. 17). The tibia in Fig. 18 was shorter than
the tibia in Flg 17 and there was less 1sotope incorporation
than in the control; There was also an uneven pattern of

»

grain density in the.tibia of the Malathion-treated embryos

L

(Fig. 18).

H-. Cohhective Tissue Study of:Cartilage
In this ‘study samples from control stab embryonie.limbs
and Malatﬁionltreated limbs were used. 1In the control 9-day
limbs. the chonaroblases were;normal in size and structure.
The collagen fibers of the perichondfium surrounding the
cartilage.were well-developed as“evidenced Ey the bright
red colour. The mesoblasts appeared normal. The cartilage
in the Malathlon-treated limbs lacked perlchondrlum and the
mesoblasts and chondroblasts were immature in appearance

(Elgs. 20 and 22) . -

I- Histoehemical and Biochemical Studies of Rlkaline Phos-—

phatase (E.C. 3.1.3.1.)°

A- A3ﬁistoghemical'method using a modification of

Gomori's Technique

. The form of the control cartilage was regular and straight

¥



.

'Fig. 17. Hindlimb, corresponding to -the forelimb in Fig. 15.
Development gf-the tibia (Ti.) is normal and the
uptake of 832 is uniform. Unstained. 45x.

©

Fig. 18. Séctioh'of a hindlimb correspondigg;to_thgﬁfpre—
.. limb in Fig. 16. Isotope uptake is . uneven. "The

. tibia is short compared to the control specimen
‘ ~ in Pig. 17. Unstained. 45x.



.Secéioﬁ from the tibial

Section from the tibiéllcartiiage of a 9-day embryo.
The perichond;ium'is-well-defined. VanGiesgn's ggn-
nective tissue stain. 125x. ' ' '

Tk

\l cartilage of Malathion-
treated chick embryo of 9 days. There is no peri-
chondrium present and the chondroblasts look immature

' in appearance. VanGieson's connective tissue stain.

125x.



Fig. 21.  This is’'a 500x magnification of the'cartilage seen
: . "in Fig. :19. The collagen fibxes in the, perichon-
. drium are normal and the cartilage chondroblasts
‘are normal in appearance and size. VanGieson's
' connective tissue stain. - 500x.

Fig. 22. This corresponds to the tibial cartilage as seen _ .
' in Fig. 20, Note the complete absence of .the colla-
gen fibres of the perichondrium and the~immature

appearance of the aggociated chondroblasts and fibro-

plastg. VanGieson's connective tissue stain. 500x.

d



Fig. 24.

The form of the “£ibial cartilage is'regui

b
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o

ar and

straight in outline.. 'There is 2 heavy precipita-
tion along the perichondrium-and the adjacgnt mar-
- gins of the cartilage. Precipitation is heaviest
in the mid-diaphysis showing .the most enzyme acti-’
vity. Gomori's Modified Method. 125x. .

e e tahae mAer Tt LG

-

This corrééands‘to the same a
cartilage as seen in Fig. 23.
cartilage is bent in appearance and the ch

rea in the tibial
The Malathion-treated
ondroblasts

" of the fibula are poorly differentiated. There is

mid—diaphysis-showing

ipitation over, the
less precipit & Modified Method.

poor enzyme activity. Gomori's
125x. T :
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.

in outline. There was heavy prec1p;tation of black granules
i.e. enzyme actlvzty along the perlchondrlumrand adjacent.

'marglns of the cartllage. Prec1p1tatlon was heaviest over@

' the mld-dlaphy31alreglon of the t1b1a (Fig. 23) showing the

greatest amount Qf enzyme act1VLty.

The Malathlonetreated tibia was bent in appearance and- -

P : : o e -
the cells of the adjacent piece of cartilage (fibula) had

chondroblasts that were pOOrly differentiated (Fig. 24).

There was. heavy precmpltatlon over the tlp of the malformed
. fibula. The t1b1a1 cartllage had poor prec;pltatlon over
‘the mid- dlaphy31a1 reglon compared to that seen 1n the .

control ' The enzyme act1v1ty along the per;chondrqhm was

not as- exE nsive aé 'in the. normal\case.-
A

; B—' A blochemlcal method -. ag assay of alkallne

o o /

phosphatase ‘ o (

o

' Stat13t1ca1 analys;s shows that the amount of alkaline.

phosphatase act1V1ty is depressed in the affected limb

samples as compared Wlth the controls(Student s t test) oL

The effect 1s seen as eJ;ly as day 8 in the ana1y51s of

- -

both forellmbs and h;ndllmbs (Figs. %5?26).

* L
o~

Lo .-',..,& .

o : 4

i
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N " * DISCUSSION = —.

‘\galathiqn injections on ddys 4%-5 of develepmeht (Ham- -
burger and Hamilton 1951) produced a’ maximum effect between

days 8 10 of embryogene31s. The general body size'of the

B affected embryos was 24- 36 hours behind the controls.

ThlS “Malathlon Syndrome was descrlbed by Greenberg
and LaHam in 1969 and consmsted of sparse plumage, mlcro—

mella, overall growth retardatlon and beak defects One

- of the most promlnent results seen ‘in the current experiments

‘was marked oedema in the hindlimbs and to a lesser degree

"in the forellmbs Thls phenomenum demonstrates the dele-

terlous effect of anophosphate on the cartllage cells.

'L L =
ThlS could be due to the autoly51sﬁaf“0rgan1c substances'J

w1th1n the cell ox an rmpalrement of the sodium pump at the

cell membrane (de Robertls, Now1nsk1 and Saez 1966).

o

D¥ A leb Measurements

‘By 3%-4 days (Stage - 21) the leg buds of the chick em-
bryo are dlstlnct and 1arger than the wing buds ‘(Romanof £

1960), by day 4 to. 4} (Stage 24) the llmb buds are dlstlnctly

——

—‘—-—-_'~‘_—
"—"lpnger than W1de and at 5 days (Stage 26}/the flISt 3 toes

~.

" are demarcated. Between 5¢-6 days (Stage 28) the limbs have .

) ] 4
developed into well—defmned structures. .

‘The radius and ulna are in a prechdhdral stage after
"4 days of 1ncubatxon in the chlck, wrth cartrlage beginning ,
to form in the diaphysis (Llllle 1952) In the chick embryo
of 5 dayts-incubation time the wrlst is composedvgt mesenchymal

'iwf— _ | | B 'A, | . ‘kaf%b\i
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condensatlons,/whlch.wlth the exceptlon of Centrale 1, ‘have

not separated into anlagens of" the carpals.
%,

. f ’ q?
The skeleton he-hlndllmbs 1s formed-frOm a conden-

-satmon Wthh has the shape of a letter Y in the 5 day Cthk.
) The dlstal arms of the Y will give rise to the t1b1a and
flbula.. The elongatlon of the cellular rudlments 1s rapld
and,the three major leg components are prechondral by the
sixth day. Membranous precursors of the tarsus and meta-

. tarsals are present in the chick on the sixth day. The fe-

: a’ i o . f
mur/is separated from the pelvis by a dense cellular inter-

zonal region at the bresumptive acetabular articulation hy ’
. day’ 5. Chondrlflcatlon of the dlaphySlal reglon of the-
femur begins at 5.5 days and is 1hjan advanced state in the.
thlgh bone of the chlck 1ncu§ated at day 6. The femur is
the stgutest element during the chondrah stage but, its

_~ growth rate is second to that of the tibia. In the chick

nﬁat_S days the”prechondral condensation of the tibia and

the fibula. are still connected’ to, the femur and the met-

-
-

atarsal condensatlon; ' : o
Greenberg and LaHam (1969) demonstrated that Halathion
and corn oil suspensions rose to the top 6f the yolk to .
come in close proxlmlty or in contact w1th the developlng
embryo.' Thus, there 1s . little in the way of a barrler to
the compounds gettlng 1nto the embryo. The developlng limb
buds dﬁflng these early stages of embryogene51s would have '
.'a hlgh metabollc rate due to their rapid growth and dlffer—.

’entlatlon Whlch could account for the rapld’ahsorptlon of
\. a L} » .
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[

Malathlon 1nto the embryo w1th the reSultlng 1nf1ammatlon,

oedema and the ‘subsequent teratogenlc effects. | '

v

Two standard parameters used to determine growth in an

embryo are welght and length measurements. Because of the

marked oedema of the limbs the parameter-of fbngthlmeasure- -

ment was-used By day 8 the embryo is doubllng ﬁtself in |
welght, general body size and conformatloﬂ\ The 1ncrease

in general ﬁetaBollsm could be affected by the organophos-
_phate, Malathlon.‘ This could account for the maximum efﬁect
on the limbslbetween days 8 to 10. The'effect”rs nore ob—

v10us in the hindlimbs than in “the forellmgs (Figs. 1-4). “

. E- Inltlal Morphological and Hlstochemlcal Investigations
It is agreed generally that metachroma31a is due tox

the predominant anionic groups of the polysaccharlde chains

of the chondroitin sulphates in the ground substance-(Quin- | , 3
tarelli 1967 and Pearse 1968) Mucopolysaccharldes from pre-
cartllaglnous embryonlc chick limb buds have been 1solated
(Searls 1964) . ?he polysaccharide chaln of the proteln-
polysaccharide conolexeswfound in 14 day embryonicjchick
cartllage contained chondroitin 4- and chondroitin 6- sulphates
(Shulman and Meyer 1968, 1970) . -The results using Toluidine
Blue suggest that’the ground substance in the varlous con-

-

trol groﬂps is belng produced normally since the cells were

surrounded by a normal amount of matrlx and demonstrated
-
Y metachroma91a.

The lack of uniform ¥y metachroma51a suggested that many

‘anionic’ groups of the polysaccharlde chain were: not avail-
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at pH 0.5 it was- possible to colour subsequent carboxyj>
groups u51ng A101an Yellow buffered at pH 2.5 (Carlo 1963) .
' Thus it was clearly demonstrated by using the Alcian
" Blue, Alcran Yellow dyes' that the chondr01t1n sulphates were
not belng synthes1zed by the abnormal hind and forellmb
chondroblasts. This was shown- very markedly around the
lacunar marglns and the surrounding matrix of the chondro-
blasts‘uﬁake the chondrqitin sulphates were found in the
‘highest'concentration. |
The chondroitin sulphates'are‘characteric - of enhryonic
cartllage and add to 1ts ten31le\strength and therefore,
lnfluence stability 1n structure.k The chondr01t1n sulphates
_are also 1nvolved in certaln dlsease processes, e.g. Osteo~
arthrltls and Hurler 8 Syndrome (Pearse 1968) where abnormal
amounts of these ac1d mucopolysaccharldes are present.
Unless there is a normal cartllage model to serve as
a base for calc1f1cat10n a normal bone will not form (Ham
1970) . .This is seen in the long bone formatlon 1n the limbs
. and is demonstrated in the Malathlon—treated chick at hatch
when - the hindlimbs are malformed. This is also obvious ‘in
.the “typlcal" posture (a keel restlng p031t10n)-ih chicks
with hlndllmb malformatlon {Greenberg and LaHam 1969) The .
synthe51s of abnormal amounts of the chondroitin sulphates
of ‘the matrix is one of the reasons for 11mb»ma1formatlons.

It has been suggested that a certain amount of extra- -

dellular matrix is necessary for cells to dlfferentlate‘

~ (Shulman and'Meyer 1970) . The abnormal amourits of the ground

[} - - hS

o
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substance end itéicomponents, secreted.by the affected chon~
droblasts, would seem to be preventing the.ﬁesenctyme cells
rom differeﬁtiating., thther cell.deveiopment is related
to thefamoupt of ground sobstdnce (Flotkin and étotz,l968a);
' The amount of extracellular substance serves a vital
role in cell development in c;:tflege (Bloom and Fawcett
19?0). As cartilage is avascular the-ground'sﬁbstance end
its contents are 1mportant for the dlffu51on of metabolites
and ions durlng the 1n1t1al stages of chondroblast develop-

.

ment. A def1c1ency of v1ta1 ions and metabolltes may affect
1

the maintenance of the status quo of- the chondroblasts and'

chond:ocytes. Thls would lead‘to the cartllage development

being ahnormal.

G- Radiocautography 835

The sulphdte ion must be metabolized by living cells

which incorporate ‘it in the early biosydthesis of t?e chon-
dromtrn sulphates (Schlller et al 1956). Redioactive sul-

- phate has been detected in the embryonlc chlck llmb buds as
early.as stege/23. An uptake of radloactlve sulphate has
been reported in the chick embryo as early as stage 4 (pri-

mitive streak) (Searls 1965). - |

4

The lmplled 1mportance of mucopolysaccharides in cell
aggregation and ce11 dlfferentlatlon is well documented
(Florkin and Stotz ‘1968a and 1968b). The predominant components
of the groundﬁsubstance mucqpolysaccharide§ are chondroltln—
Sulpﬁate“4; and chondroitin eulphate—G. These chondroitin

sulphates occur in large quantities in the young embryonic



-36- 7
| e
! ‘ .
cartilage and deéreases‘ih amount ds the cartilege ages or
‘becomes diseased or celcification starts. .Thus,'rt wouid
seem that chondroitin Sulphates.and‘the‘otherocontents of
_ﬁthe matrix'played a mital role in the normal development of
the embr-onic.chick limb cartilage. | |
In the autoradiographic stuoiee of the malformed limbs -

, éhere wae_iittle incorporation of the 83? into therchondroitin
.Llphates. ThlS 1nd1cated that Malathlon 1nterfered with

i
the normal synthe519 of the chond 01t1n sulphates by the

i d

chondroblasts.

H- Connective Tissue Study of Cartilage

: Collagen is the commonest'supporting or connective
tissue found in mammals, accountlng for 25% of the total
protein and is ‘a major component in c¢rt11age and bone .
(Florkln and Stotz 1968a). .

The ba51s of organlzatlon of the whole animal body is
therefore‘dependent on the synthesis and mode of dep051t10n
of the extraeellular collagen flbres. This is seen in
cartilage development where collagen is found in the extra-
cellular matrix and the perlchondrlum. Collagen research
is important in developmental biology and plays a significaht
role in w0und heallng and’certaln pathologlcal processes.-

It has been.implicated'in a wide variety of diseases. There
is also an important 1nterrelatiOnship between the acid muco—
901ysacchar1des and collagen in connectlve tissue remode}ling

(Flint 1972), Hence the lnterrelatlonship between the acid
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mucopolysaécharldes and ‘collagen could be an 1mportant éactor
in the, development of embryonlc cartilage.

" In.the affected limbs these two factors appear to be
abnormal in amount the acid’ mucopolysaccharldes (chondr01t1n
4- and chondroitin 6~ sulphates) and the' collagen flbres in

the perlchondrlum

I- Hlstochemlcal and Blochemlcal Studies of Alkallne

Phosphatases E.C.3.1.3.1.

L

Blochemlcal and histochemical parameters regulatlng
cartllage and bone development have not been well under-
g tood i; the past and have only recentlyﬂ?een subject to
‘intensive gtudy (Makinen and Paunio 19761.; Robison (1923)

reported that aotimely calcifying and hypertrophic
.cartilages had nigh activity of the phosphatases; while
resting cartllage had no demonstrable act1v1ty The role

of the phosphatases (Alkaline Phosphatase, E.C.3.1.3.1.

and Acid Phosphatase E. C. 3 1.3.2. ) -has been partlcularly .

controversial. 'The role of phosphatases in 0551f1catlon
has been oonfirmed recently (Vaes and Jacgpes 1968).- It has
been suggested that theIr.role is in matrix formation,andl
in energy release from ATP (Wergedal 1969) .

Calc1f1cat10n 1n embryonlc thck limbs beglns at,@ppro-
Ximately 9-10 days of development. - The Malathlon-treated
limbs had less enzyme activity than in the control at day 9.

Inhibition of AlkalinejPhosphatase would affect the secreting

chondroblasts in the formation of the -extracellular mattix
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'énd during the.calcification of the Fartilage model.

These reSu;ts are.éonsistent with the duél role of the
phosphatases i.g,'(Alﬁalihé Phbsphatase) in.ﬁatrix forma-
"tion and in the calcification of cartilage prior to ossi-

fication.




CONCLUSTONS

“\.

1- An 1njéctlon of Malathlon (7.02 mg or 6%) not only

)
vproduced malformatlons in the hlndllmbs but also affected

N

ﬁf The maximum effect of Malath;on on limb development

the forellmbs.

occured between days 8 10 of embryogene51s.

3—' Malathion affects the chondroblasts and thé cell con-

tents (cell hypertorphy and vacuolization).

- 4=  The produetion'of‘chondroitin-4— and‘G;'sulphates is

impaired.

5- The synthesiseof the protein collagen in the perichon-
. drium is affected in the Malathion-treated embryonic limbs.
. . ) ' > ' . -
6- Histochemical and biochemical studies showed abnormal
amounts of Alkallne phosphatase whlch were undoubtedly

_an influencing factor in the lack of matrlx formatlon. .
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