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ABSTRACY

The injection of 2 10 of turkey,inaul}n into the yolk . sac
of chiéken embryos on the Séh' day of incubation rnsuitgd ia
aﬁq?rnallties cf the limbs and beak' similar to. thése ob-
ser}ed vith -h--alianhz::ﬁilns. Thege f1nd1ng§ suggest that
endoépnohs inpsulin levels -ay-function in lisb and beak de-
velopsents. It is, hovever, difficult io a ter!;ﬁe 1t éhe'in-'
sulié levels used vere of physioloqical signi lcancé.'fzn an

atienpt to lavestigate this gquestion, salathion, an'organo-
H . -~

'pnospndte insecticlde suspected of exertlng its teratogenlic

pctentlil by increasing endogencua 1nsulin levals (Arsenault

.

‘and Gibson, 19745 Arsenault gt ale, 19753 ialey and Gihsch,

1977) wvas injected into tha embryo Th; analysis of imsuno- '
reactive plasma insuliln leggksﬂfﬁi§;ese ,anhf7€§, hovever,
did not sho? a significant dif;erenqe vhen ccmpared to those
¢f the confﬁo;s but this_ observatiqn’is ;hly suggestlvéibe-
cause cf tﬁe.large y;riatlon lgusnred for insulin levels in'
dif;erenk chbicks.  In addition, although limb to body length
ratios vere  decreased fros the 9th to the 17th day, .dnd
plassa glucose ievels‘uere-inCteased on day 7 and decreased ’
on days 9 and 11, no corrglations_bbtvoen inspiin and elther
cf these tvo parameters wvere observed until day 17. On this

-

day a positive correlation vas seen betveen the pldsma insu-

-



lin ana glucose 1évels. On the other hgnd positive correla~
tions wvere séan bgtveen the plas_n g_ln'c'oso 'lcvo.ls and 1lisb
tc body léngth ratios on the 9th, 11th";nd 13th days cf ip-
-cubaticn. Bematocrit lavals vere decreased :on the 7th day

at‘ter salathioh treatment but wvere norlal- on the 9tbh and

-

11th days. | g

Therefore, it vas concluded that homoclogous (turkey) in-

suiln can inauce abnor:\alitbe in chickens. Malathion ezert=

-@d siularltetatoqenic effacts but these vere not assccilated

with large alterations 1n agqaogJenous plasma 11:'3'611_11 levels.
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L'injection de 2 10 d'insuline de dinde dans le sac vi=
tellin d'esbryons de poulet le cinquidse jour de leur 1incu-

batiom-a prcdult deés difformites auz pattes et au bec sen-

blables 3 celles qu'oo observe avec 1les 1ipnsulines des

- "

naaniferes. Ces résultaté suggerent ‘gue 1'1nsnline endoéene

peut atfecter le developpement des pattes et du bec. -Il est

cependant difficile ce detarsiner s1 les pniveaux d';hsuli&b

utilzsés ont une signification physiologiques En vuge a1é1lu-

cider cette gquestion, le ;alathion, up 1nshe¢1cide,o;qanop-
ncsbnorg scupconné d'exsrcer son action tératogene en aug-
nentan£ les taux d'insullaa endqgine (Atahablﬁx'qt Gibson,
1974; Arsenault et ale, 1975 et they‘et 6{335;751977) a §¢3
injecté dans les embryons. L'aralyse dég(niveaux;de‘piagla
insuline lllunoréactits dans ceg eabryons n'a cependant pés

;uxdénontré des diffdrences marqudes par rapport aur tésoins

mals cette observatlon est seulement suggestive a cause de

la varlaticn sarquée nesurde pour les hiveaui d'insuline
dans differents pculets. De ﬁlus} bien'que le taﬁport nen-
Bre/longuepr du corps alt'dééru du neuvieme ah dix;septiele
'ﬂcur et gue les nlyaau;'de‘ plasma glucose a}ent augnent6 an
Beptitre jour et éilinué aux neu;:ele et onziene jourse, ocn

#'a observé ancune corrélation entre ces parasetreés et 1'in-
N L .
. . ! 1
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suline avan{»le dix-saeptidae Jjocure. Ce jodt-li‘il y'aiait une

cerrélation positive eptre la plassa 1nln11ne et les niveaux .

a qlucose. ‘DYautre part on a obtenu des corr‘Iations posi=

tiyes eptre les niyeéux'%a plasma glucose et les rapgorts. .

sesbre/lcngueur d‘ cerps les néuviile,'_onzials et treiziile;

jcu:s a*incubation. lLes niveaux d'hénatocrité ont, disimué le
sefiiele jour du traitemanr au -aléthlon nais ant remncotes
aul neuviele at on;iele jonts.

. 0o a pp: congequent conclu ﬁue 1;1nsu11ne homolcgue (c*-
est a aire ‘de la dinde) peut indulire des qit!ornités chez
les glﬁrfins de poulet 2ais que lgs effetsa du msalathicn ne
u{pendent pas de modifications significatives des niveaurx

.

dvtosulice endogenes.
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I e "Chapter 1
’ , INTRODUCTION

The 1njeétion ot-z IU0 of insulin 1intc the yolk sac cf 96
or 120 hcur ,ipcubated chick embryos resulted- in ap overall
decrease,in embfyt size and; a varlety of sysptoss including
sicrorellia and ‘beak anomalies, prinaril} short upper.boak
aﬁd jarreot beak. lcw frequencies of microphthalala, ano-

phthaliia,_buphthaliia, syndactyly (in asscclation vwith =i~

cromelia) and fpclydactyly also cccurred (landauer, 1947,

19515 lapaauer and Khodes, 1952). Each of these abnornali‘l

tlies piaic¢ naturally occurring lptationé in fcwl. FoOr exas-
Fle, ébnormalitie; of the beak and extremities strcngly re-
sénble hered;tary "short upper‘beak' {Landauer, 1947), and
the igesulino induced sfndaht&ly prilariiy ettectsvthe 3rd and

4th toes as does hereditary syndactyly (Landauei and Rbhcdes,

1952).  On the basis of thase similarities, Landaver (1987)

prcposed that 1n§u11n's teratogenic eftects vere due to ders
anqelénts i the sare netaboliq_pathuays as éhose effected
by igenetic noditlers™. This proposal led to an intreased
interest 1b e}uciqating 1nsu11n'$ leéhanial of actione.
Zvllling-(1948)‘stud1ed the possible role of 1insulin on car-

bonydrate setabolisms and found ‘cecreases in blood sugar lev-

else 1 §] these‘studies,- ambryos wvere 1nj%cted vith 2 10 of



. 2 )
beet‘insulin op day 5 cf incubation and blocd vas sampled on
ipcubation days 6, 8, 10 and 12, The data shoved a poéitiva
‘correlation betveen tne exteﬁé'of hypoglycemia and the se-
verity of the picromelias Although 2u1111ng'tealized that
the hyroglycemia and microaelia could be parallel effects of
insulip he suggested the possibility o} a cauvse-effect rela-
ticnship between the twoe )

An alterpative thacry vas proposed vhen nicotinaalde-
surplerented, 1nsu11n-1djected egﬁrycs shoved a decrease 1in
the 1lpcldence cf -1cronella; beak defects and eye ancmelles
(Landauer, 19%8; Landauer and Khodes, 1952). The authors
(1952)‘ suggested that insulin sight act by interferlng with.
norasal codehydrogenase‘éctivity. Furfher studies with pico=-
tipaaiae shcwed <that it also prevented hypcglycemla, thug
suppcrilnq the earlier theory of indirect action (Zvilling,
1951).

Lapcauer's thecory of a direct action by insulin wvas, how-
ever, 3upported by two other cbservations. Thp Qiret of
these vas that lisb aud beak abnormalities and hypoglycesla
are gseparable events (Zvilliag and DeBell, 1950). That 1is,
when sulfanilamide was 1injected intc the yolk sac of 30, 48
or 120 &br 1ncubated eabryos they developed sicromelia and
pairot'beak sisilar to those produced by insvlin, but ncrmo-
glycesia vas palntalned. Asluith insulin injections, sup-
_plenentatlcn vith npicctinamide ueqréaséd the freguency and

extent of the micromelia and parrot beak. These 3tudles 1in-
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dicate that hypoglycemia is not an absolute requireaent for
the production of the pbserved anomalies. -

The second lipe of evidence derives from ip Yiif¢ studies

‘ v
in vhich glucbdse concentrations wvere held ccnstant and the

etfects of 1lpsulin chn cultured liabs studled. The 11 ¥itroQ
effects vere similar to those found 1o ¥1¥g. That 1a, the
treatea Lones vere characterized by enlargement of the-perQ
1ésteal collar, shorteniny and bending of the bone shaft,
abnorlélly spall cells in the epiphysis, a decreased arsount
or tctal absence of the epiphyseal zone @of flattened cells
and an overall reductica la matriz. Tne only difference ob-
servedﬁuas that the characteristic - necrotic areas seen in
the epilphysis of jp ¥ly¥Q treated ~felufs'and tibias Ieré nct
otscarved ip yitro. Indead, '13 Yitpo the epiphyseal carti-
lages were greatly enlarged (Chen, 1958, Hay, 1958 and
Zwi1lling, 1959). The reason for tlils discrefancy 1s unclear
but say be a general properiy asscciated with the culture
technique as the norepal necrosis assoclated vith the fcraa-
tion of the jolints does not occu:‘1n ¥itro (ZUilling, 15591).

Ancther similarity betwvaen the 1# vyivo and in 11;;3 8y8~
tess is that pnicctinamide protected the lorg bones f;cl the
effects of insulin. W¥hen limbs from 5 day insulln-injected
{5 IU/ejg) embryocs vere excised on day 6 and cultured on ni-
cotinaside enriched medium, the limbs did not ditfer from
the liabs of uninjected embryos excised on day 6 and grovn

N} non;enriched rediun. Couveréely, the 1nsulin treated



'
lisbs grcvn on non-enrlched. lediun shoved abnormal-'develop~-
sent typical of cn1:;red limrbs excised froa eabryos on daj 6
or d;y 7 o¢f incubation and grovn on norsal medius enbanced
vith insulis (zvilling, 1959). As no differences 1o the
glucose concengrations vere présent'ln the treated and con-
trol cultures (Chen, 195#: Hay, 19563 Zwilling, 1959) these
studiies éelonsttated that hypoglyceiia and l1¢t01elia‘ucra.
separable events and that insulin wsight have direct effects
cn cultured lisbs eimilar to those seen Lj ¥i¥Q. Therefore,
it seeers unlikely thaf the ip i;;q action of insulin on limp
uevalop-eﬂz 1s mediated directly by hypoquceliafm |

At the time cf the abova studles (19ﬂ0's‘aﬁd 50*s) histo-
logical examinations of tha developiig chick pancreas .shoved
that differentiaticn began on the 7th of 8th day (Potvinm and
Aaron, 1927; Villamil, 1942; Lidvre, 1957). There was how=-
ever, much controversy over the day on wkich Leta granule

fcrwation apd thus insulln potential secretcry activity occ-

currede Indeed, ¢he laitial appearance of secretcry gran-

"ules in beta cells was raported on the 12th (Potvin an? Aar-

ct, 1927;  Sandstrom, 1934; vVillamil, 1982), 13th (Ghiani,
1956) or 17th (Lidvre, 1957) day of incubation, times vell
past when 1nsu1i9 injections exert their.1n1t1a1 effacts on
lisb and beak development. More recently, hovever, electron
licroscoplc‘stud1es of the developing chicken pancreas have

shcwn the presence of both alpha (Dieterlen-Lildvre, 1963;

Prybrylski, 1967) and beta cells (Prytrylski, 1967) on thae

P



third day of 1ncubation. in addition, botk insulin (EBenzo
and Green, 1978) and glucajon (Benzo and Stearns, 1976) have
beén seasured 1in ;he pancre(s and plasla of chicken esbrycs
as early as the fitth day of incubation. In other vords en-
dcgenous 1losclin 1s presaat at the time vhen spontaneous de-

velopaental abnorsalitles occur.

Nct only 1s iasulin pfesent. but scse evidénce indicates

that 1t may bave functional activity duriﬁg these early
stagese. For eraaple, Benzo and DeLaBaba (1972) proposed thit
the ncrmal \ develcpsent of the glcbth endoplaseic reticulua
{SER) and lycogen deposition in the embrycrpic liver say be
zipc 1in3ulin dependente. The authors cultured iivers from 5
day 1ncuba;ad chick embryos on smedia vith or vwithout zinc
insulin for 6 days and than axa-ined the cellular sorphole-
gYas Livers grovn on insulin-free sediux shcved a0 develop-

aent of SER or glycogen. However, norsal devéloplent of gly-

ccgen “"rosettes® and a tubular, lattice~like netvork of SER

vere presest 1o the livers grown on the zirc 1asulin rich
nedian. Tﬁis suggests that zinc-insulin 1s an absolute re-
quiremsent for the pnormal development cf SER and for glycogen
‘ defosition 1n the cultured embryopic chick ‘liver.

Iin additican, roles for both 4nsgulin and élucngon‘hava
been proposed- 1in the.regulation of carbohydrate metabclisa
in fhe developing esbryo. - Changes in circulating levels of

bcth horsones frcom day 8 to bhatching are kncvn to correlate

vith changes one'niqht eipact in liver enzymes and glycogen
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content. That 1s, increases 1in glycéq.n phosphorylase a and

decreases 1o .glycogen are observed in the plassa vhen gluca-

gon levals increase (Benzo and Stearans, 1976) and increases

"in glycogen synthetase aud'glycogen are ohserved at tises of

high plasma 1nsulin levels (Benzo and Green, 1978) .

The available evidence further indicates that the role of.

insulin say not be limited to the liver, as insulin specific

receptors have been found 1a chondrccyte cell asembranes iso-

lated fros chicken embryo palvic cartilage on days 11 apd 12

of inpcubation (the only days stndiadl. These tecepto:a had
a frequency ' of distribution per =g mesbrane protein less
than one nalf that of eabryonic liver cells but shoved bind-
ing ‘tharacteristics typical of insulin specific receptors in
the eabryonic chicken liver and sasmalian tissues. As 'in
these tissues, binding to the receptors 1s telperaturelde-
reodent, bas a pH optimum of 8.0 and klneticé indicative 6t
negative cooberativity (Stuart gt al., 1979},

Therefoté. insulin is present early in development and is
likaly tc have some effect on liver development, carbchyd-
rate setabolism and chondrocyte fuaction. Thus, the natu-
rally occurring anomalies vhich are wsimicked by insulip in-
jection may be due to precocious And/or enbanced secretion
of 1ﬁsu11n ffon the developlng pancrease

One problem ccmmon to all of the abo;e s;udies 15 that
mansalian insulins were used and the amino acid conponitloﬁ

of the masmalian insulin 15 different from- that of chicken

e

PRV Py



" _ : - <1
ipsulin (Smith, 1966). Conseqnently.lit is ispossible tc déf
terminpe if the observed anosalies are due to 1insulln “per
38" or to stearic or kinetic changes tesnlting froa he‘dif-'
ferences in the 1nsu11n aoleculese. Theretpte, the first ob-
jectiye of the present study vas to minimize the stearic and
"kipetic differeﬁces by_e;alining the effects of a turkey 1in-
sulin, which has the sase asino acid séqdence as chici insu~-
ilin (narkﬁssen and Sundby,,i973), on the emtryonic develop-
gent of the chicken. -

nﬁven if turkey insulin is found to produce nnénalies si--
ilar tc those fcund 1n elbryos injected uitb saasalian 1nsu-
lins 1t uould be d1fficult to deteraine if the injected dose
vas pharsacclogical or ph751010g1ca1. Evidence indicating
that enbryos laf be physiologlically capable of produeiﬁg
sufficient amounts of insulin tc result in ccangenital abnorJ
salities has been reported (lrsengult and Gibson, 1974; l}—-
senault et al., 1975; Laley and Gibson, 1977). . These stud-
les ;nvolved the use of an orgaﬁophosphate 1ﬁsgct1c1de,
malathion, {0, O = disethyl S - (1,2 dicarboxyethyl) phos-
phorcdithicatel (11q|1). This ccnpbund has a‘ldu mampalian
bigb insect toxicity ratio and 1s‘thetefo£e'conqon1y used 1o
crop protection and in the preventicn of 1nseé£ﬁi;anai1ttqd
diseases such as salaria and yellov fever. Asf with cthet qt- '
'qancphosphates, the tc:icity of malathicn is usually attrib-

uted to 1ts antichclinesterase -activity. In the specitic

.case of salathion, the active iabibitor JQ coe of its meta-
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belic Dtgakdoun pfoducis, malaoxon (March 5;‘;1.. 195635 tig‘
2)e. Malaczxon 1§ forsed uhenkjelathion undergoes oxidative
desulphuration, a reaction catalzed by_fhe' aixed function
Qxidase Svét;l lccated in the gut and fat boﬂy. of insects
and the liver-of sampals and birds (Creslyn, 1978).: ;Both

salatbion and lalaoxon.a;a -detoxified by carbdx’ethylases

vhich produce vater solubla compounds that are easily eicre-

ltable. This lG;hﬂhiSl‘Of ‘detoxificatiorn 1is patticéiary_il-
portact since 1t 1s believad to confer ?'selectivity! tc ma-
1ath1c§n!s'tcx1c1ty~(cteulyn, 1978). Botb, insects and
vertebrates rapidlf metabolise malathion to malaoxon but tn-
éects,‘ in genétal;- have lov'carboxyesterase:activities al~
lowving lélaOlon to'gccunulateraf the nerve endings. High ac-
tivitlies of <these enzymes nerve -andinqs in vertebrates
prevents appreciable wmalacxon accusulation 1n vertelrate
nerve endings ai the -dose levels reguired for iasect toxici-
. ty. }hus lovrvertebrate bigh insect toxicity toxicity 1s
aéhieved. - ‘
Studies have shown that malathion has. lov toxicity 1a
‘chickens but at high coral doses (392 =g/kg) ' malathion can
lead to increases in mortality, depresslon,‘ loss of appe-
tite, laboured respiration, discharqe. fron~the"eyea and
ncse, salivation, a preference to rest cto kﬁees, parglytic
convulsions and death. The analysis. of radicactive pbcsho=
rous e:cretion_in .surviving hens, . hovever, shoved that

greater than 50% of tne aalathion 1is excreted ulthin 8 hours



of adsinistraticn and - oily traces remain after 48 tours
(Gupta and Faul, 1977). These results indicatp that accomu-
‘laticn is unlikelye Therefore, 1t is unlikely that a sig-
hiticant amcunt of salathion vould accuiulqte‘ in the egg
- Frior to laying (Gupta and Paul, 1977 and ‘March gf 2les
1856). . . ' ' :

A.study ‘desiéned t0 s}lulhte field.sﬁﬁaying' Af'nailifd
duck eggs at levels of {/2 and 5 times the leveis recossend
by the U.5. Environmental Protection Agency (EPA, 25 lb/acre
in agqueous espulsion and 248 lbsacre in o©il’)  indicated that

.'_ " ”,
malathion vas nor-toxic and non-teratcgenic i1n agqueous ‘eaul-

sicn or oil at 1/2 the recoamended concenira{ion. - Toxicity’

and teratogenesiti }ére, however, observéd uhen'eggs vere
coated uith'an agueous esulsion (but not 1in an oilI;eﬁléle}
rcﬁghly equivalent to 5 times the recommended éPl ieVQl
(Bcffman and Eastin, 1981). Thils study indicates that sala-
‘thiorn spraying coﬁatitutes a potential haza;d to aviap eam~
bryos if ccncentr&ttons ot lalaghioﬁ eiceedvthose recosnend-

~

"ed by the EFA.

-



(¥

figure 7:

"o
* - rE._/
-
L
Structaral formsula of malathlon
]
&
a7
e .2
' ®
e ~
'

10



. .
v
| Irl3CO\'SIQSKCH—%:' 0~C,
wo” lirt-o-Cp
. -0 |

[ERPEEyY Yo



Figure 2:

Structuralvtorlula of malaozxon

11

i
i
!




A

-—

0
]

P—S—(|:H\—C_0-C2H5
Y A

0
]

£
T

0



{ | | . 12
.Oﬁe thecry of the sechaniss of action of galatﬁion 1n‘the
.prcduction of anomalies in the developing elbryoa‘;s th;t it
_stimulates insulin production and release Ly the elthO'(lI:
sebault Sna Gibsog,,f§7u; A;sensult-gi dles 1975: Laiey abd
Gibscn, 1977}. _ The.initiai -studies vith ralathicn ghoueﬁ ’
that the qro§é abnorsalities prcduced in salathion freafaeﬁt
were similar to thosc proauced by insulin except that syn-
'dactyl& and polydattyiy.did not occur, whereas low érequen—
cles ct missing tarscretatarsus and rhalanges did ccgﬁr.
(Greenberqr;nd LaHam, 1909). :
Sisilarities betveen the éffects of malathion and beef
irsulain ﬂgre not lirmited to groes observaticﬁs _siEFe Eypo-
quéemia (Arsenault g% ales 1975 and Laleyland Gibgon, 1977)°
anpd reversal vith nicotinamide (Greenbe?éxand Ldﬁan,-‘1970,‘
wengerrand Wenger, 1973) vere alao denonstrufed. In addi-
_tiomn, hlsizloqical studies of the dévg}oping tibias frcsx ep~
bryos injected with éither insulin or malathion. shoved ne-
crcsis in the central portion cf the epiphysis on the-8th
ﬁay.ot incubation (Ho agd Gibscn, 1972a£ . Fabinovitch and
Gibson, 1972a). This necrotic zone shoyeé decreases in gly-
cogen and matrix, and the adjacent cells shoved an 1nc§easa
in glycogen storage, the=fatter. being a c&nsist#ﬁt finding
in malathicn treated embryos but_ ap inconsistant syaptcs of
1nsulin treatment. Furtherf bcth treatwments vere observed

tc FIcduce patchy decreasas in  the deposition of sultgted

. .
aucopolysaccharides (Duyraisvami, 1950; G1ll 'and Labame, 1972;

3
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_Hiochliffe, 197%; Jackson and Gibson, 1977). aasstionarty,
bone spicule deposltion vas 1r;equ1ar ard asymmetrical re-
sultiog in a- thickened lavgr.qlénq the concav; side c¢f the
dlaphysis (Zwilling, 1955;- Rabinavltch and Gibson, 1972a,
1972b; Hc abd Gi?son. 1v72a, 1972b}). Througkout most cf the
inéuoatlcn perlcd -caicif;caglpn prcceeded more rapidly and
the intensity apd extent _of alkaline phospﬁatase staiping.
wva3 greater thén controls. -On-day 20 gf incubation the e¢pl-
phkyseal gartllaqe of treatad e;bryosl contalned areas ot‘hy-
pertrophy vhich stained more intensely for glycogen, calcium
aﬂd alkaline phcspha;ase,' inodicating ihat a secondary zone
of ossificat169 vas forasisge In control embryos this did
ﬁct cccur until the post-hatching stages (Ho and Gibson;
1972b; Rabincvitch and -Gibson, 1672b).

Two sfudies have been reported vwhich ‘attempt to demon=-
strate a direct relattonshlb Petveen the Lnjectiqn of mala-
thion and,inc:eaées in 1nsﬁlin levels. 1In these studles sa-
lathion vas 1njected into the. yolk sac on the 5th day cf
lncubaticn and the deveiqpment of the pancreas was follcved
hls;ologlcqlly (Arsenault and Gibson; 1974; Laley and Gib-
son, 1977). The results of thesg studles shovwed increases
in bdth alpha and beta tissue in those eﬁbryos displaying
extreze-mic:ouelia, defined as eabryos withk a liab to body
length ratic less than 80 % of the control mean,  on day 11.
1;1 treated embryos oﬁ day 15 had increased alpha and beta

tlsgue regardless of whether or not microselia vas presente.
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‘Mcderate apd extrese microselia oo day 17 and extreme mi-~-
crcmeiia on ;ay 19 vere associated with increased beta tis-
sue. Further.' the extent 6f the increase in the alpha and
beta tissue was positively correlated with both the extent
¢t hypoglycesia and the degree ot microrelia (Laley and Gib-
son, 1977)a.
'In suamary then, eviﬁanca.fron studies ¢of gross ancoma-
lies, alcotinaride reversal, bcoe histolcgy 2and histochemis-
try, plood sugar measuresants and pancreatic histology sug-
gest a éorrelation betveen increases 1n 1n5251n levels and

valathion treatsenmt. It should be noted, hciever, that not

all evidence ©peints to this ccnclusion as there are soig

aifferences in the effects of the two coampounds. Princifpal-.

ly, syndactyly and polydactyly are se¢en in 1insulin treated

but not in malathion treated exbryos. Further, nicctinaside

reversal 1s effective only up to 6 hours after 1nsulln to=

jectica (1;;dauer and Rhodes, 1952) Sut up to, 96 or 120
hours after malathion injection (Greenberg, 1971). " Alsc, 1in
2alathlcn treated eggs, <tryptophan vas 2 mcre effactivevr;-
’versinq agept tnan nicctinamide as it reVeréed the decreases
in embryo size, the sicromalia andg the_incidence ot beaklde-
fects. Conversely, Landauer and Rhodes (1952), wusing a ten
tcld highar dose of trypopharn, found that 1t "probably pro-
duced no significant ghangg in elbtys portality, ocr in the
teratogenic effects cf insalin®. Some oiffefences in their

»

_effects on bone development were alsc seen (Ho and Glbson,

3



197zb; Rabincvitch and Gibson, 1§g§). That 1s, -alathion af-

15

fected glyccges levels 1n the chondrecytes cn  days 8, 10,
12, 14, 13 and 20 vhereas the glycogen ccntent of condro=-
cytes in insulin treated limbs appearad sisilar to controls
(except as sentloned above) 1n the region ismediately adja-
cent to the cecrctic regions cf the epiphysise. ilso, 1in 1in-
sulin treated esbrycs, high calcium or alkaline phosphatase
activities vere seen in the area of reduced matrix near the
epd of incubaton bf ln'areas of hypertrophlied cartilage pre-

ceeding the qrrival of vascular tissue to the aréa. This

was nct observed 1in zalathlon treated esbryose.

#

There is no reason tc presuse that malathion acts specif-

1cally to increase insulin levels, In fact evidence points'

tc the ccnverse, as the asount of ﬁlpha tissue also increas-
es. = Additionally, there is no sclid reason to predict that
increacses in endcgencua ipsulin will havé effects identical
to those of injected mammalian insulins. . Thus, the rela-
tively mincr differences outlined above do not necessarily
refute the bypothesis that malathion acts primarily via an
increase in esbyronic insulin levals.

The strongest reason to question this hypothesls 1s that
the changes in the limbs of palathion injected embrycs oc-
currea as early as day & (doVMend Gibson, 1972a, 1972b; Jack-
sop acd Gibscn, 1977) wvith reversal of the syndrose up to
day 10 or 11 of iancubation (Greenberg,‘1971), vhereas chang-

@s in the pancreas have only been demobstrated on days 11
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through 19 (Arsenalult amd Gibson 197s; Laley and Gitson,
'1977J. Clearly ev;dence of {ncreases‘ in iepsulin levels 1in
the‘latter half of incupation 1s not necessarily indicative
cf earlier increaseé vhen the initial changes 1in the liabs
and beak occure.

The second part of this study wvas designed to test the
hypothesis. that wsalathion exerts its teratcgenic potent;al
by increasing endcgenous instlin levels 1o the developing
chick enbryg.. To test the efficacy of thls bhypothesls mala-
thkion sas injected and plasma insulin levels vere measured
ot alternate days frcm the 7th to 17th day of incubation.
This timse frame made it possible to cospare the results cf
this study with those demonstrating. changes 1in the pancreat-
ic histology (Arsenault and Gibscn, 1974; _Laley and Gitsch,

1977) and the “inme qtzinitial changes 1in bcne developlent

{Hc aﬁa Gibson, 197Za, 1972b; Jackson and Gibson, 1977). In

addltlo&, Flasma glucose lavels vere measured and ap atteaspt
uaé made to correlate the insulin levels with the extent of

gicrdmelia and hypoglycemia.

ERY YY)



Chapter II .
SATERIALS~44P METHODS oo~
- Te—

2.1  EXPEBINENIAL 'ARIEALS

Fertile eggs froe Hnité Leghorn chickers ‘vera cbtained
froa Seaetlr Hatcherles, St. Canute, Québec. Prior to incu-
paticn, eggs vwere can&led and those with cracks, poor calci-
ticatican or displaced alr spéces vere discardede. ; The re-
mainder vere stored and placeﬁ in a Jamesvay single-~stage

1nchbator (Sa'C} over a period of 2 to & dayé.‘ The eggs

were rctated every tvo hours.

2.2  I¥JECTIQN RROCEDURE

At 120 hours of incubation the eggs were candled and nron-
fertile.or dead embryos vere discardede. Viablel €gJgs were
punctured above the alr space using a stérilized dissecping_
needle fitted with a stopper such that approxisataly & =mm of
the needle was exposede. Through thlis bole 0.1 al of solu-
tion vas injected into the yolk sac using a 1 =l tuberculin
syringe fitte& vith a 23 gauge, 1 inch needle. At the end of
each i1njection the bevel cf the needle was checked. If yolk

was present (indicating damage to the vitelline meabrane and
b Y
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a possibility of the presence of yolk in the albumen,
Mclaughlin et ale, +~1963) the egg vas not 1included 1inp the
étudy. The teaa;ndep veré‘gealed,vith paraffin vax and re-
.turnéhito the.in;ubatOt. An uatreated group vas included in

each batch cf eggs.
.

}

2.3  IBSULIN INJECIIONS

2.3.1 Solutions

-
1) Turkey Insulic

Purified turkey irsullin (TI) 26 1I0/mg (rouse convulsion
test, Flundell, "1981) wvas obtaine? froa Dre Te Lo Blundel},
birkpeck College, University of London. The injection solu-
tion "was 'prepared by dissolving 1nsq11n and sodiun chlofide
in hyarochloric acid, PH 3.0. Sodiul'hydrﬁxide ;as then
addea arop by drop 3¢ that the socluticn turned from clear to
clcudy 3nd then cleared agaipe. When the solution bhad
clearec, indicating a2 piH gfeater than 7.0 (®indholz, 1976),
the sodium hydroxide additions wvera stopred. D;stilled va-
ter vas then added to bring the total ccncentrations of in-
sulin and scdius chlcrida £o 2 16/70.7 a2l and C.9 %%, Trespeac-
tivelye. _

A contrel solution‘(salina—TI) consisting of 6.9 % scdius

chloride solution vas prepared 1in a similar fashion.

PO T Yy



11) Massaliap Insulins

Tvo regular Iletin 1insulin solutlcns (100 Iﬁ/ll), one a

beef and pork wixture and the other sade from pork cniy,*

(compliments of Eli Lilly Co., Tcrootc) vere used. Each vas
dilutea using : 0.9 % sodium chloride solutiocn tﬁ give 2 £1-
nal concentration of 2 IU/0.1 ll;

3 contrcl consisting of saline + glycine, was prepared by
| diluting a 1.6 % sclution of glycine which 1s normally found
lg the ccamercilally prepared insulin solutions, in a similar

mapner to that of the above saassalian insulin solutiouse.

<

111) additioral Controls
Io aaditicn tc the above menticned controls one group was
injected vith 0.9 . % sodius chkloride soluticr (salipe) and

another was left untreated.

[
.

Each-of the above solutions vas sterilized usipg & 0.22
ur nitrocellulose filter and stored for not wsore thanm five
days in a vacutalber at 4°C. The sclutions wvere varsed to

rcom temperature prior to injection.
%
iv) For comparison purpose3 groups ¢f walathion and corn oil

treated esbryos (see below) vere included 1in this studye.

19
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3-3-2 Assegsnent of Ioxlcity

In order to assess eabryc aortality, the eggs vere cap-

-

dled on incubation days 7, 8,.9, 11, 13, 15 and 17, and all

dead eRbrycs vere recorded and'dlscarded. Tte réngining en~
bryos'were collected bn incubgiion day 17, veighed, éxalined
tc; grcss ancmalies aﬁd seasured fcrlbody ,iength:(dist;nce
from crovn to'rump) ana lisb lgngth (dlstance fros fhe prox-

imal end of the fesur to the proxiaal end of. the phalanges}.

R

s

[
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X#s SALATHIOF IBJECTIONS - |

-

(?}%‘.1 §glgzlgna | : o |
} A 0.3 ll volule of 5 % nalathlon (95 'i.technical grade,
tonplilents of Cyauanid ot Canada Ltd., Pt Claire, Qyéhec)

.1n sterile cora oil was used for all malatbion injecticnse.

The.solution vas stored at §*C Eg} no lcnger -th&n'zi hcurg

or at roca teupérature'toi'up to 12 hburs. Uninjected and.

ccrn oll injected embryos vere used as controls.

LY

2.8.2  Sampling Technigues

i. Days 7, % -and N ct.;ncubaticn.

On the .day cf saﬁplln; the egqq was candled and ndrked_
atcve the vitteline vessels, and then the shell and'chcrion-
ic membrane above the vesssels}were removed. Blcod vas col-
lected using a 12.5 c¢a lopé plece ¢f Tygon tubipng, vith an
inper diametér of 0.25 aa (Cole-Parler..Instrulent Conpanf,
Chicago, Illincis)e. This tuping uis‘q;tted at each end with
a 26 g&dqe, 1/2 inch syrlnqe needle (tubing A). One end of
the tubing was placed fhrough @'vacutainer séopper which g;t
tightly on a chilled 0.5 sl eppendcrf centrifuge tubee. To
create suctleon a second needle vas passed into the vacutain-
er top, the distal end of +this tubing (tubinq B) vas con-

nected to a 1 »ml tuberculin aylinge (see fig 3)e. ,Prio: to
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saiplihd tubing A and the eppen@oij tube vere erarinized by

' p&ésihq_ 0.7 al Sf 20 bSP/ll assonius heparin sqlution
itptough the tubing tc the . eppeaderf. The solution vas.

rd;led around the sides of thﬁt tube and ezpeiled. Any re-

malaoing sclutlon was evaporated at roca temperature.

k]

-
Iy
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" Surgical technique used in the collection of blood samples

fron esbrycs on days 7, 9 danod 11 of incubation.

Figure 3: Surgical technique for blood collection
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i1) Days 13, 15 apd 17 of incupaticne.

.Blood vas collected froa tﬁé allanteic artery directly
into a neparinized 1 =l tuberculin syringe fitted.vith a 23
qa?qe. ;nfz ioch needle aad vas ianediately transferred into
a 0«5 or 1.5 ml eppendorf tukte and pl;ced on icee feparin

ccncertraticns 61d not .exceed i USPsml of blood.

~———— samples from all days were kept on ice for-arlaxiiul'of 2
nc;rs. They were ther centrifuged 1néa Brinklagn eppendorf
centritfuge at 12,500 X g (aouei 5412Z) for one minute and the
plgsm& vas stored f5¥ o longer tham a year at =70°C. Due
tc mecnanical'prpblems vith the storage freezer, the sasples
'Leré transferred tc a =-20°C freezer fcr a perlod 6f approri-

sately 2 weekse At no time vere the samples thawed pricr to

the insullin assgay.

2.84.3 Aggesgmedt of Toxiclty

1) Groes Hcrphoicqiéal Examinatiocns

fumediately after 5lood collection the esbryo wvas freed
cf 1ts mesbranes, welghed, measured for body and right liwmb
'lenqth (in all excaept day 7 embryos) and exzmined for gross
anomalies. Due tc difficulties 1iu distiqguishlng the.lcng
boues frca the the surrounling tissues, day 7 emnbryos vere

) fixedlxnt 95 % alcohol and \sggjned vith alizarin red S and
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Alcalno_blue (McLeocd, 19680). Limsb measurements vere then made
using & stereoscope equipped vith an occular micrometer.
In order to assess the eambryonic moftalitiés the'Jéggs

were candled daily from the 6th tc the 17th day of incuba-

ticne.

11) Insulin Measurements

a) Materials
Guinea=-pig anti-insulin serum (AIS; pripared by Dre J.
traater, Lepartment cf gandocrinology and gétabolism, Civic
bcsblnal. bttava), rabblt anti-(gulnea=-gig globulin)
(AGG), porsal guinea-piqg serum (NGS). and ret insulin stan-
dards were generously provided by M. Dalpé~Scott, Dre. HeMeCe
Helck and Cre. Ne Pegin-Heick (Department c¢f Bilochesletry.,
‘Uniéecslty cf Ottawa, Ottaval)e. Furified chicker 1nsu11ﬁ
(Kimpel €t @ales 1968), iot number 615-1062E~249 vas donated
Ly Dr. R; Ea Chance.(Lilly Research laboratcries, Indiapapo-
1is, lcodiana). Bovine serus albumin, fraction ¥V, ¥IX grade
wvas purchasea from Sigea Chewrical Co;‘(St. louis, Mo), sodi-
um merthiclate vas obtained from BDH and *2SI-labelled fork

insulin (specific activity of 100 uCi/ug) was purchased froas

&ew tngland Nuclear Corporation (Lachine, Québec).

L) Preparafion ¢f Standards
purified chicken insulino (Z25 ug) was dissclved in 2.5 3l

cf distilled water. AnD aliquot of this solution was further
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ailuted with sodium ptospnate buffer (0.577 % Na, BPO4 28,03
0.105 % NaH,PO, H,0) ;ontainlnq 6 % bgvine serur alltumin
(BSA), 0.6 % sodiua chloride and U.28 % = rth}olate, PE 7e&.
lhis soluticn was stcred (=20 °C) in 1 el aliquots. Final
dilutions were raae as needéd vith borate buffer (8.25 g
pcric acid, 2.7 g scdium hydroxide, 10.0.19 merthiolate and
3 gl ct concentrated HCl per liter) ccotaining 0.5 % BSA, pH
8«0 1These sclutions vere also stored at =2C °C. The con-
centratiQns of 1gsu11n used 1n the standafd curve ranged
trcz 50 to 3,2CU pQId.3 2i and 0.5 % BSA Ltcrate buffer vas

used a¢ the zerc standard.

c) Eteparaticn ¢t Saeples

Ispediately pricr tc thelr addition to the_insulin. assay
saspler were thavwea and ceatrifuged 1in a Brirkmann eppendorf
centrituge {(mpodel 5). Sa:p&es vere pooled vhen necesEArY.
Gn all days, except day 7, pocliang was based on the lisb to
bcdy length ratios and no ambrycs' vere pcoled 1f thelr rat-
ios ditfered by rpore th;n 0eQ2e Po;liné of - day 7 erkryos
was based «<¢n blocd volupés. The amounts of plasza. to be
used i the 1insulln assay'for each day sampled vasréhcsen
tasea c¢n preliminary assays showing the zinimum volumes re-
gquirea to,ebtain between 75 to 125 pg of 1nsu11n_per assay
tute. This range wvas selected as it is vithip the most sen-
 sitive pcrtion of the standard curve (50 to 200 pg) and kep£
the nurber cf eebryos pefE§001 to a migirum. As the 3aximum

allowatle 3ample voluze per assay tube was 3060 wul, 1t wvas
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oct possible to cbtain sean insulin values uithin the 75 to
125 g fanqe'for samples fros incubation days 7 and 9. The
values uére, hovevar, apova 50 pg/éube and thus, vere still
in tpne most sensitive portion of the standard curve. When
pcssipble, usually tor sasples froa day 15_and 17 incubated
eebrycs, assays wele perfoélep in duplicate but only single
assays were made cf pooleulsanples. . Table 1 shows the nua=-
ter ¢t samples pocled for each aay of incubaticn sarpled.

It should be noted that a total 'sample vclume' of 3C0 ul
sas adceac¢ to eack assay tube and 0.5 % Esi bcrate buffer, pH
.0 was addéd as_requxrei, to bring the sasples up tc vol-

URee
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FABLE 71

Kusber of plasma samples pocled

humber ot elnryos used to optain the minisums requlren vcluse
ot Pldea froa eabryos of different days.



g

’ D .
lucug:T?gN 7 9 -1 13

N 0
Erp o BE] OF b 3705 3704 172 1702




AN . 29
d) Preparation of Tracer |

1251-lahe1ied pork dinsulin vas diluted vith 300 ul of
distilled vater, divided 1ﬁto 25 ul fractions and stored ft
-20 °C. A further dilution ueing 0.5 % BSA borate buffer
vas sade such that thke concentration of *253]-insullin vas re-
udced tb SD-pq/u¥. Innedlﬁtely'prior to the apsay a tinal
d¢iluticn vas made (with 0«5 % BESA borate, pE 8.0) such that
2 ul ot tracer (50 pgrul} in a vclume of 100 ul vas adced to
each tube. . ‘ .

The origimal 25 uil traétlons vere stored up to 1 sconth

acd turther dilutions wers stored at 4 °C for ug tc'one

NEEeK .

e) Ibsulin Aesay

Insulin was measured using the Hales and Randles (1563)
dcubilie .antioody radioinlunoissay aethod nodified by
Lalp&=~Scctt and covorkers (1v82). In this method 30ﬁ ul of
AISs, diluted tc give 30 to 80 % preclpitaticn of radiocactiv-
ity when nc 1ns;11n standard is present (1:720,000 final 41~
luticon) anae 100 ul of rabbit AGG (1:90 or 1:72 final dilu-
tion depending on the batch) were incubated in the preseance
cf 100 wul of KNGS (1:900 final oailuticn) at 8 °Cc  ter 28
bcurse. Tc this sixture 300 ul of chicken insulin stancard
or sample vas added anod the preparations vere incubated fecr
6 hours. 125I-labelleqipork insultin (100 u©l) was added at

the enc of this time ana the tubes wvere returned to 4 *C fcr

19 hcurs. They vere thenp centrifuged at 3,000 rpa {(Peckwman
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.centrituge, loéel J=-6), decanted, wiped dry above the level

of ;he btecipitate and cqunteﬁ using either a Picker, lutq-

vell 2 or an Amershas, sodel 1198 galla.counter.. ~Tvo tubes
centaining tracer alope vere used for the total countse.

A corparison c¢f the chicke; and rat-insulin stapdard

curves 13 shcwn 1m figure 4. By comparing these one cap see

"that the assay is wore sansltive to the rat insulln, as

greater debgfases in the % bound to free 125I- 1ﬁsﬁlin vere
seeld in respcose to the increasing rat 1imsulin levels than
vwitnh lncreasing chicken lasulin levels. '-Decfeaaea in thé.i
pcund to free 23%I-i1nsulln observed with the lov concentra=-
"tions cf chicken 1nsuiin vare, howvever, reascnably large and
the CecsCi curve (vhere, Co and Ci1 are the cconcentrations of
rédloactivity in the anti-QRody éo-plex vhen the amount of
unlabelled 1nsulin is zero and 1, respectively, Halets and
Fapdle, 19¢3) shovs that linearity 1s olbtalned over the
range from 0 to 200 pg (fig S). In.ordér to verify that the

stangard curve wvas senaltlve encugh tc measure chicken plas-

za lpsulin levels several studles were conducted.

Rt



The effects of unlabelled rat and chickern insulins c¢n the
recovery of 325J-jabelled rat ipsulin.
B represents the amount of radiocactivity {(cre) present 1

precipicate. .
I represents the total radicactivity (cpa)

'Flgure 4: Reccvery of rat and chicken 1nsulips
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The effect of unlabelled chicken insulin on the recovery
cf *2%]-jatelled rat insulln.

Cc represents thbe radloactivity (cps) present in. the pre-
cipitate vwher nc insulin 13 adaed to the assay mixture.
C1 represents the radiocactivity (cpa) present 1n the pre-

cipitate. A kpnov concentratlion of ipsulio standard is
addea to the assay aixture.

Pigure 5: Effect of chick 1nsulln con the recovery of
labelled iasulin T
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Table 2 gifes.the data collected to test the effect of’
using different volqnes of rlasama 1n'£he insulin assay. Froa
the iaiueé obtaiﬁed it vas concluded that the ‘measureament of
insulin vas not affected by sasfple voluse.

Table 3 shovws fesults of a siudy cn the reprodu;ability
¢f insulin measurepent ino which sipgle samples vere divided

——
into two alliqucts and 1n§u11n levels measyred 1in separate
&ssays. The fiondings 1ndica£ed tﬂat_a high'Qggree of freci-
sicn was obtalned ip successive ass;ys. i :

In addition, tc ensure that there uefe noc factors present
in tne plasma which interfere with the aséay, . samples or
standards vere assayed §eparately and together. Thf ration-
ale was that if nc interfering tactors vere present.then the
Calculated value cf the standard (stanaard and plasaa pinus
rlassa alone) would equal that of the }ctua? peasured value., -
Table 4 shows that this 1is 1ndeed the case. Therefore,. 1t
can be concluded that the embryonic chicken p}géna did not

ccntailn substances which interfere with the measurement of,

lpsulin levelse.
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TABLE 2

" Effect of rlasma volude c¢n losulin measureaent

N

Cata showing the effects of variaticns in the plasma volume

ueed oo the measurement of embryonic chicken insulin levels,)

Ta11 voluses from a given day of lpcubation wvere obtained
frox o single pooled sasple of plasma.

TR TP



Day oFy - VOLUME OF PLASMA Mean PLasMa
INCUBATION PLasMA UseD INsULIN INSULIN
. '."". " .q -
13 g 0.46 + 0,049
13 1%5 E;%@ 0.27 + 0,039
2 |
. i 48 oseom
3 .g | 0.042
17 % 8.3

0.40 £ 0.035
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TABLE 3

Mligucts of chicken plasma assayed on separate cays

Data stowicy the fprecision achieved vhen insulin levels were
rea3zuread 1p aliaucts of ¢hicken plasma Ccr 3eparate assay dayaJ

Tvalues shcwn are ng of lasulin per sl cf flassa

-



DAY OF 15T A?SAY 2ND A?SAY ALCULATED
INCUBATION PLASMA INSULIN PLasMA NSULIN IFFERENCE
7 0.22 0.19 0.03
‘ C.38 0.19' , 0.19
11 - 0.26 . 0.34 0.08
13 - 0.16 0.13 0.03
15 0.25 0.25 0.00
15 0.55 0.51 0.04 -
17 0.33 0.33 ‘ 0.00
@
Q@
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TABLE 4

Eftect of chieken plasza on insulin measurements

Frecisico ¢f insulin mea3uresents vhen 1nsulin standards

(stl) were geasured alone and in the presence of chickerd

erkCyc plasna.

-

Insullin std alcne - (plasza + std - plasea i1nsulin alcoe)

fFlasza 1nsulin alone - (plasma + std - insulin std alcae)
expressed as ccncentration cf insulin per =l of plasia.

-

y .
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In ;ddlticn tc a standard curve severai other control;
vere tested in the assay; These contrcls included tubes con-
taiping no 1Ist cr Z2na antiboﬁy and pc ist antibody. This
[Lccedure ensured that the backgroupd level cf'counts in the
aséay.uere no greater thban that of the geema counte;. llgo,
extra sctandards ccntaining 75 to 200 Egg of insulin vere as-
sayed 1n auplicate every 20 to 25 tubes; thus the prec1§1on
ctf the assay vas monitored continually. In addition, tc en-
sure tnat t;;- assay was consistent fros véek t¢ veek tubg5'
ccutaining aliqucts of twd> plassa pcols (sade from day 16
}ncunated chicken erbryc plasma), one a "high pool"™ spilked
witn chicken insulin, containing approximately 515 fg and
ancther a "lowv pocol®, containing approximeately 58 pg, were
1£cluaea in assays.“ The assay was found tc be consistent,
las the npeans and standard deviations fcr the high Vand lcw

rccls in the eilqght assays uséd vere 10.5 ng/sl * 1,05 and

Ue29 uyswl * 0.0€ ng/ml, respectively.

111) Glucose Heasﬁre:ents

#lasma glucose levels ierbd_etaniﬁed in duplicate fros
scasureaents of 1C ul of eltber unallutgd or tvo fold dilut-
€a plassa using & becksaan glucose apalyser #2. This methed
ls bazel on the react}on 3f E=C 3lucose and oxygen 1o the
predecce c¢f gluccse cx;dkse apd wvater producing gluccnic
acld ana hiaroqen peroxiae. A OXygen electtode vithin the
reacticn chasher weasuras the rate ¢f oxygen consusption.
This rate 1s rrcgerticnal to the amcunt of glucose present

abd 1: scaled tc give the jluccse concentraticoe.
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2.5 NOTE OF SIATISTICS
All cosgariscns, except as 1nd1ca;ed below, were made us-
ing a Student-Nevman—-Keals test ccrrected for saeple size
{sckal and Rohlf, 1969). Comparisons of day 7 liab tc tady
" length ratics vere mhde using a t-test (Zar, 1974). Since.
the data for the day 7 plasma 1nmsulin levels wvas not norgal-
ly distributed a Kruskall-dallis test was used for its anal-
ysis (Seigel, 1956). All mortality data was analyzed using a
Chl Squared test ({(Sokal and thlt, 1969). Correlations be-
. tween parameters vere madeI using/reqession analysls fSPSS
sanual, 1975).
Limo to body length ratios vere normalised prior to thelr
avalysis using arc arcsine transfcrmation (Zar, 1974). The

signiticance level used for all analysis vas the 95 % ccnfil-

dence level.



Chapter III

RESULTS

3.1  JNSULIN INJECTIQNS

Table 5 shovs that there were nc signifiéant differernces
(t < ue«D5) Dbetween body welghts cr ‘petween limb to tody
ienqth ratios in the uninjected ccntrols, 1irnjected controls
cr the beef and pork insulin-sixture injected grougse. The
latter group did, however, contain one case of moderate mi-
crcamelia (limb tc body length ratio of less fhan 90 % og the
_cont;ol @eai, Lalgf-and Gibson, 1577)« MNicrcrella was never
observed 1o the control anlmalse. The pork 1insulln treated
exbrycs .snowed a significant decrease (p < 0.05) in tody
velght relative to tne untreated.and saline=-glycine 1injected
eebrycs. They vere not, - hovever, significantly different
frcw the other coﬂtfol JCOuUpSe The turkey ipsulin injected
groudr velghed siqnificaﬁtlv less (p.< 0.05) when corrared to
all of'tne contrcl grcups. Embrycs £reated with either tur-
kéy or pcrk insulin had significantly (p < 0.05) 1lover mean
‘1iet’ tc body lepgth ratios.l The etfect was greatqr in the
turkey iosulin 1injected group, as the aean limsb t¢ bcdy
length ratics of this jroup vwas significantly less (fp <

0Le(5) than the ccntrol groups aq? groups 1njected‘u1tQ‘ptﬁér
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ipsulins (table 5). All three inpsulin sclutions had siiilar‘
effects on beak developaent, treatéﬂ animals having a higher'
incidence of short upper beak belng obser;ed in each of
these groups (takle 6).

The effects of turkey insulin on the ¢sbryonic develop~-
ment c¢f chickeas was siasllar t¢ those observed with éhe raa-
gallan 1insulins except that the decreases cbserved 1inp thé
iiep to body length ratlo.das more proncunced with the tur-
key insulip ipjectionse.

The effects of 0.1 =l of 5 % malathion (table 5) wvere
sigilar to those described for insulia 1n that «=xalathion
signiticantly decreased (p < 0.05) day 17 enpryo valghte, aa
did turkey insulin, and iinb to body length ratios,  as did
turkey and rerk lasulins. Malathion had ap extrere effect
¢n the latter péraneter, as the decreasem cbserved vas nct
cnly slymificantly difterent (p < 0.05) frca the controls
but also from all cf the 1nsulin injected groups.

The aftects of mal&tmlqn on beak develcpne;t, howvever,
differéd frow that of the insulin solutions 1n that parrot
beak and short lower beak vwere produceﬁ whereas short upper
beak was nct (table 6). Further,.uhereas malathion produced
a high incidence of sparse feathering, cnly one case of
sparsé feathering was observed with insulin 1injecticios.
This was seen 1n the turkey diasulin group. It, should bea
snoted that sparse feathefing is dlfticuli‘x%:/quantify and

only esbryos demonstrating obvious cases vere ecorded}
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TABLE 5

Insulin c¢r malathion treatment - veights and "limbts/bcdy
ratics

Eftect of 1pjecting various control scluticns, mammallar
insulins, turxkey insulio or malathion on body weights (gl)1
and lizb to body lenqgth ratioszct day 17 =abryos.
length ratics of day 17 GADIL YOS«

Eabryos vere 1njected on day 5 of incubatica.
1 mpean * standard deviatlion.
2 pean (95 % contiaence interval).

gignificantly different fros all control groups, ¢ < Ce05.

**signlficantly different fror all control and maamalian

insulin group3, p < O.QS.

**Eignlficantly different from all other groups, p <7005



SOLUTION INJECTED N Boby WElGHT | E:gTLORE'??;

NONE 28 20.5 + 1.87 0.71 (0.70 10 0.71)
SAL INE 21 19.2+ 2.36 0.70 (0.69 To 0.71)
SALINE + GLYCINE 2 19.8+1.5 0.1 (0.70. 1o 0.71)
SaLINE - TI 20 18.7 + 2.64 0.70 (0.69 T0 0.71)
Corn CiL 21 . 20.1 + 2.8 0.71 (0.69 7o 0.72)
Peer anp Pork 10 18.2+221  0.67 (0.65 To 0.9
Pork INSULIN . 10 17.1 + 3.00  0.62 (0.56 1o 0.€7)°
TURKEY INSULIN 17 16.2 + 3.64° 0.58 (0.51 To 0.65)**
MALATHION 24 14,9t 3,00° 0.51 (0.47 To 0.55)***

W



TABLE 6

Gros:z morpheleqgy of insylin apa malathion treated eabryos

Ettect of injectingy various contfcl 30lutions, mammalian
iEsJdllias, turkey insulin c¢r salathion on the gross morghol-

cly ¢t day 17_1ncunated anbryos.LZ

' Esbryos vere injected on day S of incubation.

2 yalues shcwn are the % of injectea eabryos (n) vwhich
ctrated the abocrmeality.

. . o - [
3 focling of the results obtained with saline, saline + glycine,
salipe-TI and corn cil 1lajectiocns. )

#



Qggg ParroT Hgg ROSS  SPARSE
SOLUTION INJECTED N EAK Beax Beax BEak FF_ATHERIEG
.NONE 28 - - -- ol -
PooLep CowTRroLs 3 84 - - -- 1 -
EEF AND POR — - — -
?NEUL?'N HIXTI':RE 10 30 ;
Pork INSULIN 10 20 -- -~ -- -
Turkey INSULIN 17 18 -- - -- €
MALATHION 24 -- 33 4 -- 38
pm——
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In suesary then, ths effect of 0.1 al of 5 % malathlon
injections con eﬁbryonlc developrent vas similar to. that pro-
guced by 2 11U cf insulin vith the fig%pticn that salathicn
had a aore nark;d effecp'on éhe limb to body 1length ratio
"and sparse featheringe Further, at least in this study, the
effectgrof talatbhion on baak development were gualitatively
different frem those insulin. However, insglln has teen
reported as proddqinq a highér incidence of parrot beak or
shcrt lower bezk, slmilaf to those produced by malathico
(Duraiswvaml, 1950; landauer ard Clark, 1963). ‘ .

Cne case c¢f cbnormal bpeak development, <¢ross beak, vas
reportei io tne contrel epbryos. This 1s most likély a ran-
dca (CCcurrence as cross beak 1s a kpown congenital abnorrzal-
i1ty in chickens (Landduer and Baumann, 1983; Grewal and
$ingh, 1978).

Fijures 6 and 7 show the mortalities for each of the two -
days cf ipitial incubation. ' A ccmpariscn of these tvo fig=-
ures shows thatf in general, the day 7 mortalitles fcr ea-
bryos injected cub the first day of incubation wvere higher
tbgn the day 7 wortalities for embrycs 1njeeted on thé sec=
ond day and this wvas particularly evident for those in the
tu:key‘lnsulln 1njected GLOUpe This phenomenom was not ob-
served ip any of the other experiments. Indeed, no differ-
ences in mcortallties vwvere seen between the various days of
lpcubation wvhen eggs vere incubated over 3 & day periéd.

The large differences in intra group nortalities £or the twa
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.1ncubat10n days zakes lt'dlftiqult. tc make 1ntgr*group cos~-
pariscrse Conslstgnt trends betveen the tvc days do exlst,
hewever, apnd 1t 1s gpparent that 1njeétions ot the various
ccotrci :qutléns Egsults in 4 s¥all but not significant de-
crease 1L erbrycnic survival rates. between the L 5tt ama 7tb
days of incubaticno. The injecticns c¢f varicus insullps re-
sulted 1n decreases 1o emorzonic survival ccapared ;c-that
¢t the focled sﬁline control icjectea grouprs. - Ihése de-
creases. vaere sigrificant (p < CeU5) tor all three 1insuliaos
cxamined 1n the arcut of 233s whick was ipcubated c¢b the
first aay ¢t the tvc day ilacubaticnh ggricu, and for the pork
iceulls, anﬁ thé ‘beef apd pork 1rsulin 3ixture Jroups 1o the
€Ggs 1ncutated cn ﬁﬁe 52CcOona  Cave in thls experiment no
s.gpniticant asifference 1o zortalities were geen betveen the.

ralatuion anc ccra oil 1njactrec gQroupse.



refCeéct odrv¥ivzl c: uricjecztei ard ipjecteu embryos

‘tacy-
- . .
IateQ toe t1lr:=t cay 2: a two <ay lacutatic- rericad arnd
cacdlec cto days 5, 7, 3, 3, 13, 13, 15 azd 7. .
Figure o: furvival curv2 tor exbrycs lmcuratec ci the 185t

day
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3.2  BALAIBION INJRCIIONS

Tadie 7 shcvs that th2 w1ean body welghts of corrn oil 1ip-
jectec eu:rycs vere sigolficantly less thanm (f (< C.ﬁS)lt£cse
¢l tte uai:jéc:ec estrycs on dey  15%. This finding iE ccn-
trary wc ttat ¢t Greenters (1%771) vhce tcund that tlLe ;njec-
1205 ¢! wvel ®l ¢f ccirn ctl 1ntc the yOolk sac of chicker erm-
tCyss ca any Zay troe  tae 4L otercugs  tc thke 12tk cay of
.ocutat.co sr-oducec ac citfeCfence Lo the Gay 15 body veights
shel ZCa3;a8leC t1C &3 tal27<eZtel JLICUFe.

Trhe 32leatricl lzjé:tei Jroul hLad sean pcdy welgnts less
toan Lotr tL2 ucini=ctel a3 corn cil 1njected gGrcups cn
aa¢= 4, 1%, 13, 15 z2n2 17. These decreasesg ip body velghts
wele =ljoltlcantly citPe:eﬁt trox the coron c¢il 3jroujy co oays
s a2 11 3100 this sSUJIestS, as has rFeern fcucd previcusly 1a
tuls feiCTt AL LY 5reeapery agnd Ladas (19¢9%), that rsala-
‘thicrn itjecticns trclace aecreaSeé in eabrycnic velghtes Ia
14233t1ll, a jecrease_in tu; survival rates cf the chick em-
5IY¥Cs wias cbseCveld wlth sltner cero cii cr malatnicp treat-
sect (113 10). It was repcrtecd earllier {(Greenberg anc La-
nak, 1¥»59), 1aud sucs3tastlated Ly the fresent 3tudy that the
€160t Ct the Jecrease ia survival 1is slcnifican£ly qreat;r
(L ; Leldd) ir tﬁe ralathica treated esbrycs than 1o those

receivini corn cille.
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TAclE 7

bsay welgGhts ot malathlon treated embrycs

scay weljhts “(ir-3rars) ot antreated, corn cill-treated and

pclatb.oc=-treated eabtrycs saspled oo akternate days frcs day

7

*k

t¢ 17 ot 1ncutat1cn.1

Beali * starLlarlc Jeviatliia {z).

sijoiticant altference fros true uninjected group (f < Ce09).

s1qp.ficart aitterecce frcs toth the urinjected ard ccro oll
injected qroufse.
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orRN O1L

. MALATHION

18.70 + 1.23

(17}

Day UNINJECTED NJECTED INJECTED
0.74 * 0.07 (37) 0.76 + 0.08 (37) 0.78 + 0.00. (78)
1.69 + 0.12 (38) 1.68 + 0.1€ (41) 1.57 + 0.17°°(100)
11 3.62 + 0.47 (13) 3.50 £ 0.33 (1W) 3.18 + 0.41* (26)
13 6.76 + 0.57 (12) 6.25 + 0,94 (14) 5.55 +.1.05 (25
15 12.58 + 1.31 (19) 11,16 + 1.97° (18) « 10.65 + 1.73* (32)
17 17.90 + 2.41 (18)

15.35 + 3.01** (24}

&
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terceat =urvival ¢t vcoinjezted (U) amg day S cocrm.o01l (CC)
3t % % -aalatsicr (%) tolected emtrycs capdled dally tros
tte Sth to the 17tn cay Of iccubatiche

LY

Fljure 3: Survival curve for aalathion trecated and ccrorrel
€®OCYyCS
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Figures 9,l 1¢,. and N shov the mean lim®b to body length
ratics, Flasra gluéase and plasxa insulin values for the em=—
bryc;.used. %here‘ware no 3igpificant differences between
the upinjected and corn oil injectea embryos in apy of these
Lafageters. Since malathion's etfecés ¢n the 1limbt to body
len3th ratic'ot chickgn_e:bryos vere already yell estabished
(Latey. and Gibscer, 1977), these Eeasurements ware taken f(ri-
EaCliy tc assess ccrrel;tl&ns tetveel the extent of microme-
" Ji& aunc tne tlasma Jiuccse and insulin levels. The limbt and
tcdy lengtn |easu}ements vere nct perforeed cn day 7 epltryos
¢: orellauinary results sagvead tkat rpo sigoificant ditference
€e113ts bDetween uvninjected, corn o4l ipjected or salatnlon
.Ljected 2mErycs at this strage cf develorpent (table &8).
$13 3 stcwe that signittcant cecreases {(f <, .05} 1o liszb to
LCly ret.0s vard coservéj it respoose tc malathion treatrent
cn toe »ta, 11th, 13tn, 15tk and 17th days cf 1ncubatfcn and
thla 1;3 true regalfaleas of whether the limt to body length

fatios were Compaled as lndiviaoual data toints (oct shcwn)

Cr 4> avVeraje liat tc tody leagtns used in tte embryo frcols.



51

FASLE & - -

llut tc beccy iea3ta ratics for day 7 emubryos

Lata shawing tne lisr tc pody lengtn ratios fer day 7 irccu-

atel eeDryCs lrjected with Je1 sl of corn cill or S % mala-
thics o the »tn day of tpcubaticna)

1 yilues sbcwn are seans witt tce 95 % ccnfidence interval
1t tareDdDtheses. .



1l

LiMr To BoDY LENGTH

~SOLUTION - |
INJECTED N RaTIO
Corn O1L 9 0.15 (0.14 T0 0,16) _
MALATHION 10 0.14 (0.14 To0 0.15)
N _
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I

iizo tc body lemqth ratios cof uninjected and day 5 corn oil

cr 5 % melathion injected 2mbrycs examined cn alternate days

trcm aay ¥ tc day 17 of incubation.

1 yalues shevn are means and standard deviaticns.
. * Inclcates a significant ditterence froe uninjected and corn
¢1l inpjected embryocs, p < U«0D5.

figure v: Liab to body leagth ratios cf malathion treated
exbrycs . ~
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Plaiia jluccse levels ot uninjected ana day 5 cora cil cr
5 % maiathicn injected chicken embryos saspled on alternate

nays tros tlke 7tk to the 17 day ct incutaticn.’

1 Vvalues shovn are peans and standard deviaticanse.
* Indicates .a significant difference fror uninjected acd corn

cil fajected embrycs., p < 0e05.

Fiqure 10: Plassa glucose levels ot ralathicn-treatea
-epbrycs .
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R,

tlasca lusulin levels of uninjected ard day S cornm cil.cr

.> ¥ 1alatnilcpop 1pdectad cnicken embryoe sasrled on alternate

cays Irc: the Jtu te the 17th gay ot 1ncunat1cuﬂ-2

1 yalues shcwz tcr tacubaticn day 7 are zeans (o).
. t

2 yvaiues shcwn fcr incubation days % tc 17 are reans t

staeDJdald geviaticns (a).

frigdre 1%: tlasra icsulin levels of nalathioi treated
embrycs _f |
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Pla:aa-qluécse aeasurements showed that hypoglycelia‘uas
Lresent'in ralathion treated eabryos cn aays ¢ and 11 cof 1in-
cubatlicle. The plasia gluco3ae levels were pesitively ccerre-
lated witn the limr tc roay length ratics on days 9, 11 and

13 (act sncwh)e These fianding Jenerally ccpocur vith thosa

ét'pfcviou%‘aﬂtﬁtrsiwno alsc . fcund hypcglycemia to be [res-

- -

eLt .u meldthlon treited eabrycs ¢p - the 9th to the 19th ﬁa}
ot 1ncubét1cn (Arsenrault aad Giovson, 197z; laley and Gitsca,
1977 ) A pcsitive correlatior vas alsc founmd to exist be-
tveen the degree ct Lypoqlvceuiéﬂ Jnd the extent of ﬁicrone-
ii1a cIi tae 1ftn, “45th, 17th ang 19th days offincuﬁaticn lLa-
iey anc  Gltsorn, 1977}. tlasta glucose levels ot day 7
«IDTYC: were exgmined. The results sncvea trat_hyéerqucenia
i;b (fesent in  the malathion trea}ed eptrycs at thkis stagqge
ct d<velcomernt (£33 7).

Ooe preccalcoant thecry cf the cbatMsw® cf actlicn cf ma-
iatnilil ca lﬁmu develcra2nt 15\1hgjé:;la¢hicn'1ncreases rap=-
creszic iasvlin secretiou (Arsenanlit and'G{tscn, 1974 ;3 laley
<Ld Gipscn, 1977). To test this, plassa 1nsulln levels vere
measured 1? thée three Qroups <t eabryos on alternate days
trce the 7th tc 17tk day of iancubation {(ftig 11). These lev-~
€ls welIe gulte variaple and. nc signiticant differences vere
cbserved bétueeh tne urlajectac, cern oil 1njectgd or sala-
tLi1CL treatec €TLTYOS. An. tte;pt vas made tc correlate the

irnsulin’ levels with the lim Ltc bcdy lengtkh :atids tut po

ccrrelations were observed on 'ny of the incubation days ex=

aniced.



56
Since tﬁe extert of the hypcgiycenia obéerved with
matathion treatsert na§ beeu pcsitlvely correlated with 1in=-
. A -
Creasec quantities of E cells oo thne 311th tc ' the 17th day of
incubatica (laley 2nd Glbsdn, 1977) an ettempt to correlate
rlasra 1osulin and qlucbse levels was made. A posltive cof-
relatico Detweer these two parareteCe was seea on the 17tn
day ot 1ucubat10n; Nc other correlaticns were¢ observeds As
Flaséa ;nsulia asa qlucdseﬁlevels say be affected by the'he;
satocrit values, trese values were also measured. Day 7 he-
Batccrits (ueasurea‘as red ploca call tc vhcle blood veight)
¢t salathion treated embryos were significantly debreased

ccapared tc  the uainjected arc corn cil 'injectéd enkryocse.
. o

Hewatccrit leévels returned to ncrmal cn dayé 9 and 11 (table

+

v

9)e

€ ) i
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TABLE 9

Hepatccrit values tor malathicn treated embrycs

Hezatccrit values of untreated and day 5 corn oll or 5 &
raiathioc icjected chicken emprycs sampled ¢n the 7th, 9th
and 11th days of incupation.’

1 vVaiues shown are means * standard deviatices (n).

* Indlcates a signlticant ditference frcnm uninjectea and coran
cli 1njected embryus, p < U.05.

'



OLUTION Rep Broop CeLL WeiGHT 70 WHOLE BLoop WEIGHT RaTlo
. R B .

UNINJECTED 25,3 £ 5.2 21) 24,1 £ 2.1 (30) 216+ 8.9 (:8)
Corn O1L 2542525 - 24.3+3.629 « 2553229 (9
MALATHION 13.8 + 3,1*(30) 24.9 £ 5.0 (85) 23,9 £ 3.1 (26)




Chapter 1V

DISCUSSION

441  INSULIN INJECTIONS

- * ‘ .
. This stuay showed that turkey 1lnsulin injected 1ntc the

_yelk sac ot 5 day incubatea chick embryos resulted ip apoma-
lies ¢f tne beag and liabs sisilar tc thdse producead ty_ln-
jecticns of mammalian 1nsul}ns {Landauer, 1947; . Duralswaal,
155063 Lincauer énd-ﬁhcdes, 1952; hkabinovitch ana Gitsca,
1672a). Iﬁ'gad:tion. the study shoved tyat the turkéy irsy-
1ir nac a significantly greater eftect on 1lipb developeent
than deﬁ either‘of the tvwo mawgralian 1nsulln preparations
Studleds Thls 1s th; flrst deronstraticn, that.thé ancma-‘
'liea piroduced 1n response éo'day S insulin icjections can be
pnddUCud by homblcgous insulin. -

fne study alsc ccntirmed the cbservations cf preflous au=-

thors whe demopstrated that malathion lnjections produce a

syndrone sisilar tc that produced by insulln (Greenberg and

Ladam, 1970 he and Gibson, 1972a,t; Jackscn and Gitscn,
1977 ). By themselveé, these data support the hypoghesis

that ialdthion may produce the obsérved anoialleé. by ttig;

gering an increase in endogenous insulin. 1e§els (Arsenault

\
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ira Glbécn. 1974; Arsenault gt gle-» 1975; Laley and‘Gitson,
1977).

)

In the past, horologous chick 1psul}n vas not avallable
in suiiicient gquantities aad fcr this reasco bovine insulin
preparetidns vere used iQ chlckeﬁ erbryc 1cjection studiese.
But és tthere are differences between the aminc acio sequenc-
et of tcvine and chicxen 1asulin ‘(srith, igee) in bcth the &
chain (bovinpne alanine, serline ana vallne f%sidugs cccurying
the tth, 9th and 10th positicus are replaced by histidine,
ésparélnlne and thieonina, respectlvely; in the chicken eo-
pryc) and +the F chainm (bcvine phenylalanine, valine and
tnreculne cccupying the 15t;‘ Zznda ang 27th gpositicns Leing
replacene Dy alanine, &lanine and serine, ”respéct;vely)-.if
wa: lipossible tc determine 1f the observed anosalies were

: e, .
Gue tc¢ the Dnatural eftacts c¢f Lnsulin or the result cf
stearlc or kinetic aifferences Letveen _tffe e€xogenous ano en-
degenouws 1peuline.

In tnls study an-attewpt was made to minimizé this frob-
lex by using turkey tosulla, which bas the sase axlno acld
sequence aﬁ‘cﬂiéken insulin (Markussen and Sundby, 1973) and

N .

can tneregére ﬁe considerea as an baomclcgous hormong. Fcr
Ebnéarx%on Furposes the effects c£ rork ‘1nsu11n and a beef-
pcrk icsulin aizture vere ilsc tested.  Tc ensure'that the
. ] . :

ctserved ancsalles-vere not due te eitng~tfe trauga §f the
irjectior procedure, or to compcﬁnds in the soluticns cther

. [

than lnsulin, aprroprlate coatrcl groups were included.

o
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Lue tc the large nusbers o( eqqs‘usea ir the study (tab
&) ths start cf incubat;on weE staggereﬁ cver a twc day
LECLi00. Figures 4 aod SIshcu the survival curves frcr the
5th t¢ tﬁe 17th day of {acubaticr for ea;h cf the twe days
¢t ipitial 1ncubatiou. H compérison ct the flgures chovws
that tre mortality was nijher "et day 7 1o all but the beef

arLc Lork ailxtur grouodo, lacubated cn the first day of the two

day fperica. The reasoa for this aiscrepancy is unclear
sipnce all eggs were tros the same flcck cf hens. "~ Far-
- ther,the present author aad others (Ferarotf, 1967 ; har-

taitz, -1381; laHamy 1961); have Dot cbserved differences 1in
nc:tal;ties‘uﬁen grcups of «3g: were stored under similar
cenditicns {rcoa -temperatqrc}‘*and Eiaced_in the incutator
c?ef a fcur déy pericde. The hiqﬁ intragrour differences in
mcrtalities baetyeen th; Evo days cf fnitial incubatlon makes
1t ditticult to make intelyroug compariscns tutnéohe general
trenas were observed.' The injecticn ¢f various control so-
AUtidnas résulted it a sasall but cct significant decreases in
emtrycﬁlc survival rates. In-aadltion, the Injecticn cf 1n-
suiin resulted in decreased survival beyond that observed
with the 1njection of the countrcl sclutionse. These results
are éénalstent with tnose of Fabinovitch and Gibson (1972a). .
TheLe Were no siqnlf{cant ditferences. between any cf the
gentrol 1ajected JrcCurs 1n'any" ct Emg pqrameters measured

(tab}es 5 aﬁd 6) and cnly’one ancwmaly, <c¢ross beak, was ob=

servede The freguency of cross beak, a knowrn congenitaﬁ de-
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fect iz cnickané‘ (Landauer acd baumann, 19"3: Greval and
Slnqi, 1976), was lcw enoughbh to suggest that its occur;enge
ves unralatea to tne 1cjecticn frecedures.

A suszary cf the results of injectiné'naumalian insulins
$1nJiy ILtC the yclk sac revealea that neither pork 1nsui1n
ncr the 'Deei-po}k insulin wixture proauced changes 1in ihe
a4ay 17 2abryc uelqhts; Both treatments, tcvwever, did in-
éreage the -1nc10en§e og short upper beak. On the cther
kani, ocly the pork insulit prodqced a siqﬁiticant decrease
(t < C.05) in the lisb td beay length ratio although one 1in-
cigent of wcaera;f ricroselia uas.observed in the beef and
_fCcrk 1lpsulin alxture Enjectea QICUDe These findlings differ
trem thoze of mrost ctner authors whe reported:decreased body
s1ze and i1i1#b to bedy leagth retios and increases in the in-
cldence ¢t skort upper.béak aﬁo parcct‘beak in restonse to
bcvine insulin treatsent (Duraiswami, 1950; Landauer 1947;
.fénd?ue; ard KRhodes, 1952; Landeuer and Clark, 1964; Ratinc-
vitch and Gibson, 1972). This, Lovever, has nct been é ﬁni-
versal finalpj as a ‘study comparing the-.terat&qenlc roten-
tlal ©t 4 1U of four different povine 1insuvlins, Torcntc,
Iletlh, prctaﬁine zinc ot cry&@alliﬁe iinq, injected into,
the yclk sac on day 5 of incubation showed that ;ornél.de—
ve)c;mant cccurred in all but the Il4tin ;nsulin groufp e In
this qréup 20 % cf the empryos bhad short hind lirbs and some

¢t the eubrycs were smallgr thar “ the coptrcls; no beak de-

iécts vare reported (Greenberg, 1971). It vwculd seer there

~ N
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tcre, that the extent of the response depends, ‘at least in

part, .o the insulip preparatict used.

Gernetic varlability may ilso Lave contrituted tc the ob- -

served differences 1a .Te3fpIdD3ce It was shcvn that the anc-
talles produced bty various stocks of fovl in response tc in-
sul.n irjectiops are Jqualitatively similar but differ 1in

trequency andé severity {(Landauer, 1947; Landauver, 1551; lan-

daquer aad Fhoaes, 1952)s Indzea, Landaugr 2and Rhodes (1952)‘“'

reportej'seasonal varlations in respcnse te  1nsuliao treat-—.

TEDLe Speclfically, they oLserved a gradual decline ip the
spsusir itnpducea fproductico c¢f xicroselia and beak detects’
‘tres eerly sicing to aid suBrer.

which cf tne atove factoﬁa resultea in the differences 1mn

catryenmic respecose _5g,tué ifnsulids wuseda ip this study and

the3e tcuné by jrevicus authoms is unkoown.

Iuje;i}nq Z 1L &f turkey Lnsulin intec: the yolk sac cf the

5 Jay incubated evbryos resultea in significent decreases in

Lcuy velghts ano limb to bedy length ratios, and increases

. ) by .
in the incidence cf short upper beak {f1g9 7 and 8}. Indged,

tne fact that.tre gecrease iu the limd to hc{y length ratio
-as.Saniﬁiéantlv aifterant nct coly frem the controls but
also 1roa the tvo.mamnalian fnsﬁlin 1njected Groups suggests
that tﬂg}nzmoquous 1nsulia’ vas a more pctent teratogen thén

the nmarzallan insulins. )
/ * -

T he lucrease‘in pctency of the howmolgcus insulin is ana-

lagous to the situaticn found in Jjuvenlle chlickens 'where

K1
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chicker insuliln vas observed® to te sore a potent hypoglyces~-
ic and glyccgenic agent than either sheep or beef ip=ulin
(bazeivocd gt ales 1968). The authors suggested that tte
reduced avian respopse té samsalian insulins protably re-
flected aﬁ inhibition cr destruction of the mammalian 1nsuj_

in oy the chicken plasaa or a uecrease‘1n the ability ég.
tte massalian 1insulin to bind to the' ap?rcpriiie receptor
sltes. ~ #hile the Jlatter explanation aay be applic#ble to
the present study, the forser is unlikely cue to the poor
develcpteat of the eabryonlc irsune systesm as deacnstrated
by z V. the lack of rcssette fc:natloué in ihe thysus, tursa
ct Fabricus, sfleen or bone marrowv 1n respodse toc antigen
szgzula;ion until the 14th or 15th aay c¢f incubation (Glick,
1977), ard 2. the irability ot embfycs to produce antigenic
respcinses until pest hatching (Seto, 1980)}. 1In additlon, 1t
vas shown that the halfilif; of Lovine 1nsulin iﬂjected into
sault chickens vas ldentical to tha£ oﬁ chicken 1nsui1n,
this alsc suggests that speciric destructicn of massalian
insulln does not occur (Laagslow, 1976} : &

As oted.aPove, d;fferent preparations of mammalian insu-
lins fr the"sane specles can aiso have ditfetentltetato-
qenll Fotencies (dteenberg, 1971). It is pcsslble, there-
fore, that differences in the purification prqcedhre and nct
the stru ral differences in the 1insulins account. fc¢r the
enhanced response of the chlicken embryos to the turkey insu-

11n 1ﬂjectr6ns. It is evident that further studles’are re-

guired tc resolve this gquestione.
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The fact that-honolojous 1osulin injpciions produced &
syndicse sisilar to that ?nigifhas been deﬁctlpeh in.re~
steose-tCc xasmalian lnsulias does, houev%r, snbport_the hy=-
pcthesis that enhanced secreticn of 1nsui1n from the ea-
.bryonlc ancreis may be respcnsible for some conqénital
ab:orvalities‘ot'phe-lilbg and beak. Fcr colbarisoh purpos=
€s, aalatkicn, an;orqanophosphate insectxéide, suspected dt
actling by 1increzsing ecdogencus 1losullc levels (Arsenault
apnd Gikscn, 1374; Laley aad Gibsonf 1977} was included in
tbe study uith(st?rilu cora oil servirg as & control. As Do
significant differences (p i< d.OS} were observed 1n any of
tue paraseters ameasured (taple > and §) ﬁetveen this control
QLGUE and cthers, the aqrt;llty data obtained for this group
vas pcoled ‘vith that of tﬁe othef injected .qpntrols. it
sbcula pe noted that 1a the~2£d'set of experiments (tatle 7}
cern o;I 414 'signifjicantly decreaag. (p < 0}05) Jear body
welgnts cn the 15th day of 1ncubaflon. But this v;s ncﬁ ok=
' served on ény,of the other days studied'and to my knosledge
h%s not been previously reported ia the literature.
| Altﬁouqh the results of thir experisent did not shev a
significant change in embryonic survival 1in respoﬂsé tc ma-
lathicn injecticas (figs 6 and 7) the results of the seccnd
exreriment did. shov a small but Signiflcant decréase in the
ralathior injected group (fig &6). The reascn for this dis-
crepancy may pe that the saaple size used 1n the first ex-
Feriment wae inadeguate to detect the small decrease (ap-~

rroxisately 10 %) in the survival rates.
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d comparison of the anomalles prcduced 1in response to
malathion ‘or insulin treataent ipdicated that certain sisi-

larities did existe. Malathion decreased estryo welghts, as

did turkey insulin, ara reauced liab to boady 1en§th ratios
s . / -

“similar tb that seen folloving pork insulin and ‘turkey 1n%?-'

lin treatgd'qroups. Further, all treatments affected beak

. developsent. . The latter amomalies vwere hcvever, gqualita-

. tively di1fferent. Malathlon produced parrot:beak and insu=

lin prcduced short upper baak.- It should be noted that oth-
€L s (Dufalsuani..TQSO; Landauer; 15%%; r&nﬂaqer and R?odes,
1552; Laadauer &nd Clark, 1964) have found Loth shcrt upper

beak and parrot beak follawving insulin treatsent. Tvo of

these authors, . Duraisvami (1950) and Landauer and Clark

(1964)~repcrted thatlfafrot beak was thf ptitary beak .defect
whereas handauer and khodes (1952) concluded that the pro-
rcrtions of the ‘beak defecis varied froe 'exbetilent tc ex-
perimente Since these proportions vere s&gn tc vary even

within the samse population of White Leghoras, 1;_:}x be that

each of the defec teflact an lntérterence at the Bame

pcint 1o zetaboliss but at slightly different developken~-

tal stage (landauver and Rhodes, 1¥52). If this is so, and

‘1f salathico _acts by increasing 4ipsulin levels,  then the

qualitative differences observed in tha beak defects of ma-
lathion ana insulin inject2d eabryos may reflect a delay in
respohse tc malathion due tc the indirect npture of this ac-

-

tion.
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Bigh frequencies of sparse feathering vere observed vith
salathkion treat-ént but not vith 1nsulin treatsent. The one
case ¢t sparse feathering observed in the turkey~insulin in-
jected group 1s of questionable ilaportance. rhis ancealy
haﬁ never beeh reported as an,insnlin associaged ancmaly and
it may be that this was a spurious cccurrence. uarelated to
the treatneﬁt. on the other hand, it may be a lov trequﬁnéy

“ancaaly vhich occurs in respopnse to turkey, but not lagialir

ar, insulin. Ncre studies vould be required to'clarify this

rcint. -

Due tc the similaRities observed betveen the ipsulin and
malatbhion induced syndromes this study 1s in agreement vith
those of p:evious.autncrs'(lrsenault aﬁd Gibson, 1974; Arse-
nault et ale, 1975; laley and Gibsonm, 1975) in that 1t sup-
gorts the hypothgsis that malathion eay act Dby 1increasing

insulin levels.

i" .
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'%.2 - EALAIBION INJECTIONS . '

To test the hypotnesis that salathion acts to increase

- s . .

eudogenous insulin levels, liamb to body length ratics, plas-

‘sa glucose and insulin levels vere ieasured in malathion

«
»

treated embryos. g

Bcto ‘the uninjecte’d and corn o1l 1ﬁjected controcl groups

H

bad values for lilb" to body length ratios “which conpated‘A

favouranply vith thosé of Greenberg and LaHam (1969) for day
15 enbryds and Laley and Gibson (1977) for day 11, 15 and 17
e@bTryos. ‘ The .contrcl values’ obtaina& for plasma glucose
letelé a;prcacbeﬁ those fgpotted by Zwilling (1948) fcr re-
uucinﬁ.suqars and by‘Arsen;ult and coworkers (]975)'for glu=-
‘CoSae- The valges vere, however, céﬁsistantly bigher than
those found by E;nzo and Green (-1974) for the Same period of
1n£ubation. This xay indicate that different populatiocns of
wrhite Leghorns bhave slightly ditférent glucose levéls during
. their developmental stages. -... .

The insulin values obtained in this study agreed substan-

tially vith those of Benzo and Greea {(1974). Both studies,

used double ﬁntlbody radigoimmuncalsays based on the Hales

and Randle (1963) method. In the present study! howéver.
ncrmal guinea pig serum (GPS) ‘wvas added tb adsorb non;spe-
cific antibodies (qupé-Scott et g;.; 1982) ahdithus-reduce
the falsely high values usually associated with the double

antitody technigue {ralvanmo et al., 1974; Ashby &nd Mckech-

LY
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nle, 1960). Bneflight tneretoré expect the values presented -

" nere tc be lover than .those - of thg btevioUS authors. This

vas not seen, however, and this discrepancy 1s probably due
tc the lov titer of astibodies present in the chick elﬁ;}o
plasma !Seto. 1981). _Thg-values vere, hovéver. Eonsisantlr
lcuer thao tbose of Leibson and covorkers (19?5) vho ;sed
the *sol1d ﬁhase'] principle to measure inpulin leteis. I
thelir lg;hod‘the insides 6: the tubes vere ccated vith insu-
lin aﬁtissdlea ané lasulin levels vere nse nred'yy the abil-
1ty c¢f a solution to. coapete vith a kndyn arcunt .of radlo‘i-

tive insulir . for these - antibody binding ‘sltesa The

discrepancy betveen the values obtalrped _1h thls study apd

r

thcae obtained in Leibson's labcratory may be due.to either

the altferences 1in the methods of assaying insulin ¢<r to
differences 1n the pcpulations of embrycs used,
The redults of the msalathipgn 1injection studies sbhoved

that the lnjectior of a 5 % sblnticn of niiathion intc the

yclk sac of 5 day 1incubatad eihry&s significantly decreased

(& € G.05) the ii-b to’ body length ratios froa Jthe 9th to
the-17th day of iicubﬁtlon. These findings agqree with those
of Greenberg and LaHan (1969) who also founﬁ a:decreased ra=-
'tic ;p response to salathion treatsent on the 15th day of
incubation and Ho and Gibsén {1972a) and laley and Gibsoxd
'(1977) véo found decreased lisb liength ‘6n days 8 to 20 and
days 11-to 191~reapect1vély. B¢ previous studies have been

conducted which exg:iﬁed the . effects of . mslathion on~ the
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+ . 1limb to body length ratios of day 7 esbryos. If,- howvever,

one eitfgpolatés the nttaight 11n¢ piots f&f lenéth ot ti=
Eié{gtsﬂs,. the long bone found” by Bo and Gibson (1972&) 'fgzl
be the icst soveraly affacted by ualath;Bn trextncnt, back
tc the 7th day of 1ncubation it is apparent that’ the controlf
ard treaxed cnrves 4PPro§Ch each othgr.on.dqy 7.. This is
ﬁ» ) ccnslstent vith the fiﬁdinqs of ihé préseﬁt study 1n wbich
nc significant difference (p < 0.05) 1ip fhe iiib 'tofhody'

.1enqth ratios vas fcund betveen the lalatﬁicql treated and

-
-

ceptrcl grcups on the 7th day of incubaticne.
) &+

A The amalysis cf plasna glucose levels.éhcvéd”tfgt a siq;
nificant hypoglyéelia (p < O. 05) vas préaenf on the 9th and
11t4 days ct incubation and that decfeases in glucose levels

can be positively corrslated with the eztent ot tho .aicrome~- -

lia cn lncubation dpya 9. 11 and_13. These find;ngs are
) si-llar tc, but ﬁoi as leong in duratioﬁ.as. those of Arse-

- ] . ¢ . . : oL o -
' nault -and ccvorkers (1975)-uho tound a persistent hypoglyce-

L,,r 'nla troa “the 9th tc the 19th -day of 1ncubation following in-

. jecticns of 2 % lalathfqn into the yolk sac of - White.
- . . N ° . ' »

L " quhbrna. The reuson,for'thla disctepapcy say be . duoe-to.
. o o ' i _
.differlnq qenetic 'backgtounds or ' to seascnal variations

since both of these factors are kdoin to alter tho&;eéponse

A
’ — -~

.of ‘chicken elbrvos to teratoqens (Landauer, 19‘5; Roger . gt

*ales 1969). : . " L

Tf; distinct hypergiytelia'obéérvéd; in the wmalathicn

trqafed enb:yos;'qn.dqv.V h&s_not ﬁéén.Hrepgttéd.previcuslv
- and will béldf;éuésedwlate; in this reported.’

- - -
—~
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As‘neptfoned hbove, a cosparison of the :plasma imsulin .

' o H [
. . .

levels of the developinq e-bryos shoved that theteivete'po

siqniflcant diftetnncea (p < 0.05) betveer leveln ohaerved
fcr control and nalathion treated e-b:yos on any of. the days
!exalined. It sbould bée noted that a vide yariation in 4insu- °
iin levels was seen in ;né norsal-chick embryos. As the EFe;

cislcn and accuratj of the assay vis found to be.aéccptiﬁjo

tcr the"leasurenent of chick elbtfﬁ'Pl&Slf‘ insulin levels -

{tables 2. -3 and “). and s;nce the conaistancy uas checkad

contlnuallﬁ’//both on a week tc veek basis and periodically

uithin a given assay, 1t sust be: concluded that th.sa'varia-
ticns represent ncrlal'!ariatlons in insalin levels. + The
vlide standard deviations lakes it - nitticnlt to e-tablieh 11;‘
-alathion 1njections alterep plpsna 1nsu11n levels and, -
‘within ghe'linltu‘br iqyé a:per1|§Qt. the obuervation‘cf Do,
significant difference _betveen the treated and. control .

groups indicates that .Bo -aasivé changes 1in 1nsulin levels

occucred. Ip addition to this no correlaticns vere seen be-

tveen insulin lévels and {1lb to Bodi length ratios 6; any
¢f the dayé .exalined and no’ correlation existed betgeenj&
ﬁlaana ipsulin-. and Alucose levels until the j?th d4ay ot 1in-
-cubation. _ Consequently, these regnlts dk‘not support tﬁe

hypotheéis that wmalathion acts to increase insulin levels.

On the other hand, because of the latk of correlation be-

-tuee; immuncreactive insulin and blocod gluccse the pogaibil-'

-

"1ty of:the.p;esencelof some protein(s) wvhich interfer with

-



'tqréhon_p;oin lia,* sonksen. 1976). : Thetefore, one canno;

- -

| ccnclude_tﬁg-

els. T
If ‘one-dg¥s. assune, bovever, that the &ssay 13 reascnahly
.r_ v -

e 'spec:tic fcr 1n5u11n the tact tﬁat ag 1ncteaaos 1p 1nau11n

. levels vere observed tais@s an 1|portant questionx If sala-

, . thl@n is nct actinq at the level of tbe pancreas ‘then by

vbat lecpaglsl 1s 1t exarting its etfects “cn enbfyo@ic‘he-

~

-
. . K i “
3 . L .

.. action qf crqanOphoshateé (OPs) -in qﬁne;ai} 'and‘bg'another‘

"qfcup ct 1nsact1c1des.. the nethlyqatbalates 1nd§), vhich

have the sase -echan ot aCtionfon insects and sinilar ef-

. | tects cm the developinq Chicken empryo, have been squastod-

-

Betore outliniuq these theories a briet descriptiOn, ot the

-

., varicu: nncnalies produced by theha teratogewa‘ia ‘+n order.

N

In general, tvo classes of_ano-alies a:e.produced,l type

o

1.’qharacterised bi inonalies ot the‘iilb. beék and-ieathets

as;séen in lalathlon treatad elbryosr and type 2, cha ;cter-

ised by vCy neck, arthroqrvosis and runplessness ( dscicni

'g; Alesr - 1977). sost OPs and MCs produce a\¢ atico of

the tve and “the extent to uhlch each 1s pro uced ‘enda nct

only oD the conponnd used but also on the dosa

-

\/u-. 1926). _‘ - -

AS these cospounds are khoujto act as anticholinesterases

studies .sere undertagén’io examine possible relationships

’the.assgy_éan-nbftbe 1hn6red (eag. 1nsn11n like gtovth taCﬁ

nalathicn does not qﬁ:ect p;ocd” insulin lev-

' ieloplent? ‘Thecries D;pj;sinq Oother poésiﬁle mechanisss of

(Proctor gt
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betveeﬂ'their type 1 and 2 ;eratpgehic .otentiais and aéé-.
tylcholinesterase 1nh1biting characti;istng, "_iﬁ _these
;ihd1es the effects of pralidoxime gupplé-;;tation of para-
thion'(éype'Z) or bidyin (type i-iid 2) 1njections demon-
stratea that the OP,biiﬁinqiaqent uas'e;tgcyive ;njsupp:ess;

inp3y tne axial ancmalles odt had ) bn the typre 1

sysptoms {Meiniel, 1976)«  Alsb, anomalies of ‘therq:ial

skeleton fesultinq frem injectipns cf either ‘pagathion dr
necstigeine vere positively cofrelated wvith decteases‘ in
wkcie pody acetyicholin ase aétivity. ¥o type .1 anoma-
Lies vére obsarved in the study even when acetycholinester-
ase 1£n10;t10n exceedad 95 % of the contrdl level (Eeiniel,
1578 )« In addition, attaspts to relate tke mode otuactlou
cf tvo Known type 1 reversal'ﬁqents (tryptophan.aqd niccti~
naside) tc 1increases i acetylcholinesterase activitles
shoved that even though they reve:sed’the, teratogenic ef-
fects of salathion (;Vbe 1) they '616 not alleviafé the de-
'ﬁréssed acetylcholinegtarase actxvit} assoclated with the
treaterent {(Greenberg and LaHas, 1916; ialker. 1971). Latpgr, .
it vas found that‘nicotinalide bad no aileviating effects on
the type 2 ancesalies produced by parath1oﬁ and bidtin (Mein>
tel, 1976)e ‘. - - ' |

Toe theory agisinq from these qstndieS vps that OFs and
"HCQ a0st prcb;gly interfere with the eabryonic development -
at tvo different levelé, the flrst.bétng acetylcﬁolinester-
ase ;hhlbition'tesplting‘inutypg 2.anolalios,.dpd the othar,

>
AN
»
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. , . . -
cdperating at anp as yet undafine polnt in the elbryonlc e~
' /

e ' . 73

taboiién, tesulting_in.decr /es it nicctinamide production
-. .,

s

!
v

or ufilization;, L . .
Several suggestions have been advanced as to the possible

adchanisa ¢f the latfer pnenosencn. The discovery of de-

" crlased lavels of tryptophan 1n,;a1athlon treated easktryos

led Greenberg and LaHan'(ﬁ970L to suggest tkat the decreased

.

‘levels of tryptcphan (a precurscr ¢f NAD) . vas resfronsible

tor the depressed le levels. Proctor and ccuorkerq_(1976),

bcuavet, foutd that dipeptidase activity weasured by the
‘ o
btreakdown of qucyla:ryptophan in yolk sac asembrane (ISR}

hcmogerates vas’ allilar whether the erbryo wvas treated

vith either the type 1 teratogens dicrotcphos or eserine -

sulfate or the pcnteratogenic cospound EPN. These results

sugJest that proteolysis. at least of qucyl-iryptophan. is

The thecry that the extént ot type k] te:afogenesis B3y be

ccirelated with the abilitv ot the teratogen to inhibit spe-

cific ISM esterases was advanced when 1t was found that cerd

tain bands of YSM esterasas (separated electrophoretically)

vere inlihited by all 6 teratogens tested but not by any of

Yhe ncn-ieratogens exalinad (Flocﬁhart and Casida, 1972).

nore'extensive studies shoved, houeter, that no one esterase

» £

vas cqnslstently bloqug by teratoqeps vhiCh vasn't blccked

by nohteratogenic compounds (Proctor % ales 121§). This
% ‘ . . . .

nct the fcocal point of enbryonic blocheuistry vhera the type )

4

P
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suggestad that thé‘.tsa esterasgé.hfe‘hot .ot Pfininy ispor-

‘ tance 1n type 1 teratogenesis. ' ‘
S;udles etalining the abilitie;\Sf various tgpe 1 tetato;
gens to 1nh1b1; kynurenine' forlalidase (Kzase). nthe.euzyle
which cataly;es’the first step 1ﬁ“£he'.nétabc11c conversion
of trypthhpp tc NAD led to the Amscovqry ghat a good'Ecrre;
latlon exists.betugén the extent bf‘the 1obibition and the

decreasa of the WNAD lgvels»(ucsciéni et ale, 1977:' Seifert
ana Caslda, 1978). Ihe;e studies, 'théhefoée,“sué;o}t the
nypotbesis that OPs exert their type 1 terathenic potent;al'
by 1nn101t1ng the YSM BKFase enzyne, and thus tha conversion
of tryptcphan tq L-kynureulne in the 1} ¥ivo synthesis cf

nAD, tesnltipq in decreased elbryonic NAD lerels and.'thus
x;-o,_beak anﬁftegther Qefgctg. It should be noted that the
¢ccrrelafions ;efe.not line;r; - in facEadecreases in the YSk=-
kfase,qﬁ approximately S50 %;(;9‘ tc 51 %) ° vere assoclated
vith decreases 1o NAD levels of ﬁnyuhere from 20 to . 50 %.
The.teratogenic fndices 1n theée'cases varied from no effact

tc loderate. This aay 1nd1cate that - the exteni of the fSH-
&

Kfaae 1nh1b1tion is not the only factcr 1nvolved in decreas-
ing HAD levels cr 4nducing type 1 anonalies. .

In the specitic casa of l;lathion the dosage “used 1n 5e1*
ff:t aand Casida§'-(1978) study vas insufficient to %fcke a
tEIAtcgenic response.. The sfuhy' d1d, hovever, shov that

srall decreases in‘both KAD levels and !SH BKFase activities

wera ptoauced in response to the non-teratogenic doge, sug-

u ¥
L]
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gesting that at bigher doses malathion may indeed act .to in~-

nibit YSH BFKise and decrease NAD levels. - .

If malatbhion does act to decrease NAD levels these de-

creases may be.felated to the hyperglycenmia obséfjgd on the

)

velopmeni the primary sources o¢f energy are moncsaccharides
A - . .
(Bazelvood, 1971). Various researchers have identified the

enzymes and rost. of the intermediates of the Embden-Meyerhof

synthesis pathvay (Grillo gt gl,,;1963) on cr before the 7th
day ot incubatlon. In addifion, the pentose phospﬁate shut
13 known tc _be active prilor to the third day of 1n¢ubatidn
(¥Wenger gﬁ ales 1967). It 1s important tc note that the
Eibden-Meyerhof pathway and the pentose phosphaté shugt have

at least one step vhich ' requires NAD (or XNADP) in either its

 oxidized or reduced forme However, while NAD 13 not used

uirecilj‘{n élycodén syntaasis a coeniyne ¢f the ‘pathvéy
{uridine diphosphate, gDP), does require the presence of
NAD. It is apparent, therefore, that if NAD levels were de-
cfégged during malathion treateent bcth the ;etaboliél and

stcrage of gluccse night bé irkpaired ang tbis could result

in the hyperglycemlia observed on the 7t} day of/zncubation.

Embryonic netabplién changes during\the 2nd deek of de-
veloprsent and proteins%eco:e' the major rce of energy

(Romanoff, 1967}. The finding of decreased levelslof‘tryp-

L

tophan in salathion treated eabryos (Greenberg and laHas,

- Pl

7th day ©f incubatione. During the 1st week of ‘embryonic de-

- apaerobic glycolytic pathvay (Stumpf, 1947), and glycogen_

o
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1970) may indicate a general decrease in proteln uptake from
the YSH. This «cculd have led to a decrease in the avall-
arility of aminb acids for glucconeogenesis and may have re-
sultedlin the hypoglycemia observed orn the 9th and 11th days
cf incubatione. P:eéunablf, the shift ' ip eetabolisr tc an
increassed uwtlilizatlon of i1p1dsvlater in developrent ac-.
ccunt; for the return to normoglyceric levels. .
As meiticned prevlousiy, the extent and duraticn c¢f the
malatnion induced hypeglycemlia observed 1n thils study vas
- less Ehah that ¢bserved .by .PFevious‘authors l(Arsenauit et
2les 1575). The reason for this discrepancy 1s unclear, but
it Bmay bg due to more extreme decreases in asmino acid uptake
fror the yeclk sac such that Nc reécovery is observed even
wher liplds become the major source of energye. The mcrpho-
lcgical changes 1n the paécreas observed by the earlier au-
thers may 1o fact have been a secondary effect 1n respcnse
to.ghe more extrege and extended hypoglyceria. These pro=-
longed decreases in giucosa levels may have acted to stimu-
1ate.the'proliferation of alpha cells on days 11, 13 and 15
(Arsepault et 3gler, 1975; Aaley and Gibson, 1977) and presus-
ably caused 1ncreasgd glucagon lgvels. The increaséd gluca=-
qbu levais may in £urn have stimulated the observed increas-—
es in tne amcunt of beta tlssue (Arsenault and Gibson, 197&;
Laley and Gibsoa, 1977}« The latter phénc-eno; vould be
analogous fo the increases in beta tissue seen when 10 or 12

day embryos were injected with glucagon (Anderson and Gib-

e
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-scn, 19681). Care should be taken with this 1hterpretat10n

-

L -
‘hevwever, since not all dosages of glucagon resulted ip in-
_creased ascunts of beta tissue. Ip fact, a decrease in beta
tiseue was cbserved on'dﬁys 1z “and 13 of 1incubatloa after
thé injection of 150 ug of glucagcn on day 1C of incubation.
Pré:Lous authcrs (Acora and Gibscn, 1979) have obseryed
decreases 1In YSH henopqietlé tissue in respcpse to palathicn’
treatment from the 7th to the 19th day c¢f incubation. Sincé’
.the ¥YSN 1is the major hempopoletic site ot erythiocyte prcduc=-
\, tionwfrom the beginning of erythropoiesis to the 13th d;y of
aeveiopment (Dleterlen-Lldvre ¢t ale, 1976) this pay acccunt
fPt the deoéﬁ§éed he!atocrlf vaiues ooserveé in this study
on the 7th day of incubation (table 5).‘ The reason for the
recovery of the hematocrit values to the control level cn
d;ys 9 and 11 ;;, however, unclear. This aay bEfagEthet ex—:
Qmple, "analcgous to the observations of plasla-alucése lav=-
els,‘unerein malathlon had a more extreme effect on the fpop=
ulation of White Leghoros used - by the previous authors.
‘Tnat 15, the duration of the decrease in YSM.hercopoletic
' tlissue in this study may be very much reduced, so that re-
covery occurs by the 9th day of incubation. Another pcssizj
ple etplanation fcr the early éecovery of erykhrocyte levels
is that the decrease in circulating red blood cells acts to
stisulate increases 1in erythropciesis at ofbér existing he=-
pcpoletic sites (Dleterlen-Lidvre, gt al., 1976) sﬁch as the

diffuse loci 1p the general mesenchyme and the spleen, cr it

-4
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say-inouce precocious development cf erythropoiesis 1n the’

®
DCne KALIOVWe

Another factor vhich may contributg to the observed de-

- . . '

crease in hematocrits on day 7 1s éedema, sSince some studies
have shovwn edema to Le presant 1ﬁ 50le_191athion treated em-.

brycs (ereemberg, 1971; present study).

gﬁ'
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In sussary the principle cobservations and conclusions are:

1« The injection cf turkey imsulin c¢n the 5tL day of incuba-
tion resulted in abmormalities cf the lisbs and beak similar
to those observed with the 1injecticn of maswalian insulinse
This suggasts that the a;;ornalities produced are due to the
action of insulin 'per se' and do pot result frce e;ther‘
seteric irhititior or an imnmunoclcgic TrespODSE. This is the
first time that avian 1nsulin has been shcvn to bhave this

[~ 4
acticoe.

-
"

2. The injection of malathion results in a syndroame similar
tc that cbserved with insulin treatsent. This observaticno 1s
ik agreewment with those of previocus authors (Greemberg and
Ladaa, 1970; Hc and Gibson, 1972a,b; Jackson and Gitscnh,

1977).

3. Injecticn of séiathioq into chick eabryos did not prcduce
anﬁ reasuratle effect on pla;na 1nsu11n levels. However, be-
cause cf the large variations in the plasea insulin levels
nc definite conclusions can be dravn at this tise concerping

the ettect ot malathion on chick plasmsa insulin levels.

4. Malathion inCteasés plasmsa glucose levels on day 7 of de-
velopment. This may be due to anlilpairlenf of glucoselle-'

tabolise® or storage, or botn metabolliss and storage.

5. Decreases in plasma glucose levels were observed cpn the

9th and 11th days of incubation in wsalathicn treated embr-
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ycs. These decreases may be due an inadequate sSupply of ami--

’

pc acia suﬁstrites required for gluconecgenesis.

b« Day 7 hematocrit levels vere decreased with salathicn
treatneni. this 1s likely to be due to either decreased he- i
scpoletic tissue {(Accrn and Gibscn, -1979) or adema (Green-

berg, 1971; present sthdy, not quantified). -
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