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ABSTRACT

The injection 9! 2 10 of turkey‘insulin into the yolk :sac
of chiéken esbryos on the 5th day of incubation resulted 1in
asnor-alztiea ct the llibs and beak similar to- thése ob-
servea with lhllalian-i sulins. These flnd;nq; suggest that
endoégnohs iosulin levels layitunction in lisd and beak de~-
velopmente. It 1s, hovever, difficult to deterl;he i1f the 1p-
sulic levels used vere of phy;iological siqniticancé.'_ln an

atienpt to ipvestigate this'queatlon. malathion, an‘organo-
v -

'puospndte 1nsecticide suspected of oxerting 1ts teratogenic

pctentlal by 1ncteaslnq endoganousrinaulin levels (Arsenault

N

aud Gibson, 1974&; Araenault et nl.. 1975; Laley and Giksce,
1977) was injected into tha eabryos. The analysis of iasuno-
reactive piasna insulin levels 1in these _ethyég, hovevéf,
di1d not showv a significant dzf;erenqe vhen ccespared to those
cf the contFols but thisv obsefvatiqn’is Bhly suggestive Le=-
cause cf éie large v;riation lgaauied for ipsulin levels 1in
dif;ereng chickse  In addition, although limb to body length
ratios vere . decreased fros the ch to the 17th day, and
Plasma glucose levels were 1ncreased on day 7 and decreased
on days 9 and 11, no correlationa between 1nan11n and either
cf these tvo pa;aleters vere obserted until day 17 On this
dﬁy a positive correl?tian vag seen betveen the pldsea insu-
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11p apa glucose levels. On the other hand positive correla-
ticus wvere seen betveen the plassa glu;b,o levels and limb
tc body 1eng;h ratios;on the 9th, 11thn;nd q3¢h days cf in-
-cuhaiicntw Bematocrit léfals vere decreased on the 7th day
' at_tef nlathioln treatment but?ere porsal on the 9th and
11th days. .

Ihereth:e, it vas concluded that homologous {turkey) 1o~

sulln can inauce abpormalities ip chickense. halathioq e:ort-l

@

"ed siatlar teratogenic effaects but these uere-poi associated

) T .
with large alteraticos in ancojenocus plasma insulin levels.
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L'irjection de 2 ° 10 d'insuline de dinde dans le sac vi-

tellin d'é-bryons_dé poulet le cinquiése jour de leur incu-

[N

bation a prcdult des difforsites aux péttes et aun béc'soi-

blables a celles gqu'on observe avec les -dnsulines des

nassiferes., Ces résuitats suggerent qﬁe 1'1nun11nebendogane

peut attecter le developpesent des pattes et du bec, Il est

: H .
cerendant difficile cde detarsiner si’les piveaur d'insuline
ptillgés ont une signification physiologiques En vue dvélu-

-

clder cétie question, le salathion, un'iégeéticide‘brg&nop*
bcsphord sbupﬁonné d'exwrcer scn action't?ratogene en ang-
septant les 'tad%faignsullne endogéne (Arsnault ;t Gikson,
1974; Acsenault et aler 1975 et Laley et Gibscn, 1977) a §td
1njgct€ dans lag eabryonse. t'ahélfse:des'niveaux,de fﬁasnﬁ
insuline 1||un&réact1ts dans ces e;btyons n'a'cependﬁnt pas
dénontré'ﬂes diftérences laréuéhs par rappert aux ténoins
pals cette obseftation: est seulesent suggestive a cause de
la Jarlaticnllarquée nasurée pour les niveaur dfinsuline
dans diffénents pculets. De plus, blen que le rapport ses-
bresicongueur du corps ait 1écru  du neuvieme au dixr-gseptiene
'5cur et gue les niveaur'de plasma glucose alent &uglentg au

septidmse jour et disinué aux neufieme et onzieme jours, on

»'a obgervé ancune corrélation entre ces paragatras et 1'in-

-yl =

B
dvn wand



suline avant le d;x:septilne_jcur..Ce jonr-li 1l vy aihit une

corrélation iosit}va estre la plassa insulipe et les niveiixaﬁ__
de qlucose.‘lnfautre pért dn,a oﬁienu dés cotr‘lations-posi-'
ti;es‘entre _les niveaux de plasnavqlucose et les rapgorts. .
serbreslongueur au ccrps les neuviése, ‘onziéia et t;eizizna:

* jours d!incubﬁtion. Les niveaux d'hématocrite ont disinué le
seé}l%ne(jour du traltemant au malathion mails ant rescotes.
aux _neﬁviale‘ et ox-zzieaé jout;:.. |

On a ppr‘conséquent gonclu que'liinsuline homologue (c'=
est a aire de la dinde) peut indulre des difforsités chez
1ee.e|bryons da poulet aais que les effets du malethicn ne
uépehdeht‘pas jde sodifications sibnitlcatives des nivean;

-

d'iasulice endoq%ne.
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v Chapter 1

. INTRODUCTION

The tnjection ot 2 IU of insulin tntc the yolk sac cf 96
or 120 bcur incubated chick embryos resulited 1n ap cverall
decrease,in embryc size ani a'variety of sysptoss including
microeelia and beak anomalles, prisarlly short wupper beak
and parrot beak. Lcvw fregquencles of microphthalala, ano-
ththaleia, buphthalmia, syndactyly (in asscciakion vith mi-
c:onellé} and rpclydactyly also occurred (landauer, 1987,
1951; landauer anﬁ Fhodes, 1952). Each of these abno:laliéx
tles mimic paturally occurring sutations in fovl. For exams-
rle, abnormalities of the beak and extremrities strcngly re-
seeble hereditary "short upper beaﬁ' (Landaver, 1947), and
the icsulin 1ndu§ed sycdactyly primarily effec}d the 3rd and
4th toes as does hereditary syndactyly {(Landauer and Rhcdeswb
1952). . On the basis of these similarities, Landauer (1947)
prcpésed that'1nsu11h's*teratogen1c eftecfs vere due t¢o der~
angemsdts 1o the same matabolic patﬁuays as those effected
ty "genetic soditiers”. This proposal led to an 1ncressed
interest 1n elucidating ipsulin's leéhanisn of action.
Zwilling (1948) studied the possible role of insulin on car-
bonydrate metabolise apd found decreases in blood sugar lev-

‘else. In tbese studles, aabrycs were injected with 2 IU of
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beef 1ﬁsn11n on day 5 cf incubation and hlgcd vas sauplhd cn

ipcubaticn days 6, 8, 10 and 12. *“The data shoved a poéitive

-

correlation betveen tne ertent of hypoglycesmia and the se-

verity of the niéro-elia.‘- Althouéh 2w1111nglrealized that
the hypoglycemla and sicroaelia could be parallel effects of
irsulin he suggested the possibility of a cause-effect rela-
ticnship betwveen the two. )

Ao alternative thecry vasd [roposed vhen nicotinamide-

surplesented, insulin-injected elbry shoved a decrease/ in
., :

the locidence cf licro;élia; beak dafects and| eye anoseslies
({Landauer, 1948; Landauer and Khodes, 1952). The‘authoré
(1952) =suggested that insulin might act by interfering with
noiaal codehydroqenase.éctiyity. Furfher studlies with pnico-
tipasiae 3hcwved that it also prevented hypcglyceiia. thus
suppcrtlhq the earlier theory of indirect action (2villing,
1?51).

- Langauer's theory of a direct action by 1nsu11n vas, hov=
ever, 3supported by tvo other cbservations. The 'first pf
these vas that lisk and beak abnorsalities and hypoglycemia
are separable events {(Zvilliog and DeEeil, 1950). That 1is,
uhén sulfanilaside was injected into the yclk sac of 30, 48
or 120 &r 1ncubated eabryos they developed licroneliﬁ ﬁnd
Farrot beak sisilar to those produced by insulin, but nDcraso-~
glycesia was maintalned. As with insulin injections, sup-

plementaticn with nicctinamide decreased the freguency and

-

extent of the micrcmelia and parrot beakes These studles 1n-

s
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dicate that hypoglyceamia is not an absolute requireament for
the production of tﬂé cbserved anomalles.

The seccond line of eviéence derives froa 1§'11;;g stuydies
in which qlhcose concentrations were held ccnstant and th§ ‘
effects of ipsulin cn cultured limbs stuaied. The 10 ¥iiIo
etfects vere sisilar to those found ip yivo. That-1s, the
treatea honés vere chatacterized by enlargesent of the pe;;
1ésteal cdollar, shorteniny ancd bending cf the bone shaft,
abnorlélly spall cells ia the epiphysis, a decreased amount
or tctal absence of the epiphyseal zone. of flattened cells
and an ovérall reducticn in matrix. The only difference ob-
servedj:as that the characteristic npecrotic areas seen in
the erilphysis of 1p viy¥o treated -telufs and tiblas wvere ncf
obsarved Ap v1irg. Indeed, 1ﬁ ¥itpe the epiphyseal carti-
lages were greatly enlarged {Chen, 1954, Hay, 1958 and
Zwilling, 1959). The reason for this discrerancy 1s unclear
but zay be a general property'asscciated iith the culture
technique as the norral necrosis assoclated vith the fcraa-
tion of the joints does not occcur 1ﬂ yitro (Zvilling, 1559).

Ancther similarity betvaen the 1p ¥iyo and ip 111:3 By 8-
tess is that nicctinamide protected the lorg bones fgou the
" etfacts of insulin. When limbs from 5 day insulin-injected
{5 IU0se3g) enbryos Qere excised oo day 6 and cultured on nt-
.cotinalide enriched medium, " the liybs did not differ from
the liabs of wuninjected eabryos exclsed on day 6'and grovn

oL -non-enriched mediunm. ‘Converéely, the fnsul;n treated
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linbg grcwn on nob-enriched sedium shoved abnormal-rdevelop-
sent typical of cultu;:d liabs excised from embryos or day 6
or dhy 7 o¢f lopcubaticn and grown on nornal.nediul enhanced
sith insulin (Zwvilliang, 1959). As no diftérences in the

glucose copcentrations vere present in ~ the treated and con-

trol cultures (Chenm, 1558; Hay, 1958; zZvilling, 1959) these

‘studlet democstrated that bypoglycemia and wmicromelia vere

s€partable events and that insulin =might have direct effects
¢n cultured lists similar to those seen ip ¥iyoe. Therefore,
it seers unlikely thaf the ip ¥ilvo action of inpsulin on limd
devalopment 1is medlatred directly by hypoquceniaf,

At the time cf the abova studies (1980°s and 50's) histo-
lcgical exasinations of tha developing chick pancreas shoved
that diffaerentiation began on the 7th or 8th day (Potvin and
Aarom, 1927; Villamsil, 19%2; Lidvre, 1957). There was how-
‘ever, such controversy over the day on wkich teta granule
fcrxation and -thus insulin potential secretcry activity oc-

currede Indeed, ¢the 1aitial appearance of secretcry gran=

"ules in beta cells vas reported on the‘12th {Potvin and ,ar-

cr, 1927; - Sandstrom, 1934; Villaail, 1982), 13th (Ghiani,
1956) or 17tk (Lidvre, 1957) day of incubation, times vell
past vhen insulin injections erxert their initial effects on
lisb and beak developament. More recently, hovever, electroa
nicrcscopic‘studies of the develpping chicken pancreas have
shcvao tge presence of both alpha (Dieterlen-Lidvre, 1963;
Prybrylski, 1967) nnd-beta cells (Prybrylskl, 1967) obn the

k4
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third day c¢f incubation. in gﬂdition, botk ingulin (Eenzo
and Green, 1578) and glucajon (Benzo and Stearmns, 1976) have
been ie&sured in the pancreas aand plasna of chicken eabrycs
as early as the fifth day of incubaticn. In other vords en-
dcgenous insulin 15, preésant.at the tise vher spontaneous de-
velopmental abno;ialit;es OCCUrL .

Hct only 13'1ns£11n present, but somze avidénée 1nd1cate§
that 1t may have fuanctiognal activity duriﬁg these early
stagess. For eraample, Benzo. and DelaBaba (1972) propcsed that'
the ncrmal develcpment of the sugoth endoplasmic reticulua
(SER) apnd glycogen deposition in the embrycnic liver say be
Zipc¢ 1in3ulin deﬁendent. The authors cultured iivers from 5
day 1ncubata§ chick enbryos on wmedia yith ¢r vithout zinc
insulin for 6 days and than exalined the cellular morpholo-
gye Livers qrown on insuiin-free medius shcved no develop-
ment of SER or glycogen. However, no;nal development of gly-
cegen "rosettes® and a tubular, 1lattice~like netvork of.SER
werea present 1o the livers‘groun on the zirc 1msulin rich
pedius. This nggests that zinc 1psulin is an absolute re-
quireepent for the normal development cf SER and for glycogen
deposition 1n the cultured eabryonic chick liver.

[n addition, roles for both 1nsulin and giucagon have
“been proposed 4n the regulation of carbohydrate metabclisa
- 4inp the developing embryo. - Changes in circulating levels of
bcth hormones fros day 8§ to hatchihg are kncuﬁ to FOtrelnte

with changes one might expect 1ip liver enzymes and glycogen

-
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conterts. That is, increases in glycégon phosphorylase a and

decreases'in,glycbgen are observed in the plassa vhen gluca-

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

ih glycogen synthetase and giycogen are ohserved at times of

high plasma 1nsulinpn levels {Benzo and Green, 197&);

The available evidence further indicates that the role of

insulin may not be limited to the liver; as 1insulin specific
receptors have been found in chondrccyte cell mesbranes isc-
lated from chicken embryo palvie carti%age cn days 11 apd 12
of incubatior (the oanly days studied). PThese receptors had
a fregquency of distribution- per mg membrane protein less
than one nalf that of esbryonic liver cells tut shoved bind-
ing chiracteristics typical of 1lnsulin specific receptors in
the esbryonic chicken 1liver and sasmalian tissues. As ‘1n
these tissues, bilpding toc the receptors 1is telperaturg;de-
bendent. has a gH optiaum of 8.0 and k1net1c£ indicative of
negative cooberntivlty (Stuart et ale., 1579).

Therefofé. insulipn 1s present early in development and is
likaly tc have some effect on liver development, carbchyd-
rate setaboliss and chondrocyte fuanction. . Thus, the natuy-
rally occurring anomsalies which are amimicked by insulin 1inp-
jection may be due to precocicus and/or enbanced secretion

cf ipsulin from the developlang pancrease.

One problem ccamon to all of ' the above studies 1s that’

masmalian 1hsu11ns vere used and - the amino acid colpoaitioh

of the mammalian 1irsulin 1s different from- that of chicken

b

R —
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insulin {Smith, 1966). Conseguently, 1t is impossible tc déf
termine if the observed anosalies are due to insulin ¥per
se® or to 'stearic or kinatic chahqos resulting fros the dif-
ferences in the Lnsuliﬁ solecules. Theerore, the first ob-
jective of the present study vqs.to l;nilize the stearic and
"kinetic differenceé Bf_e;alinlng tie effects of a turkey in-
sulin, vhich has the same amino acid sequence as cﬁici insu-
lin (nark;ssen apd Sundby, 1973), on the esbryonic devalop-
Eent of the chickern. -

ﬁ;en 1f turkey insulin is _found to produce anélalies Sil;

ilar tc those found 1n eabtyos injected vith sammalian ipsu-~

lins it would be difficult to detersipe i1f the injected dose-

vas pharnaccloqical'or physioloqicai. Evide?ce 1n&1qat1pg
that eabryos may 'pe physiologically capable Af’ producing
sufficient asounts of insulin tc result 1in ccngenital abaor-
malities nas been reported (Arsepault and Gibson, 1978; Ar-
senault gt gales 1975; Laley and Gibson, 1977).' These stud-
les involved the use of an o:ganofhosphate insgcﬁicide,
malathion, [0, O ~ dimethyl S -~ {1,2 dicarboxyethyl) phos-
phorcdithiocatel (fig 1). ThlSACOIpouhd has a.Iovvnanlalian
bigh insect toxicity ratio and 1is tﬁe:etofe‘conqonly used 1n

.,

crep protection and in the prevention of 1nsectf¥;ansi1ttqd

diseases such as »alaria and yellov fever. As vith cther or-['

‘gancphoaphates, the toxicity of salathion is usually itttib;

uted to 1ts anticholinesterase -activity. In the specific

case of malathlon, the actlive 1nh1b1tof is bne df its leta-‘

" emmaarl
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belic breakdown products, malaczon (March @t Ble, 19563 f1g

2). Malacxon 1s formed whenL}elathion undergoas cxidatirve
deéulphuratidn, a reaction catalzed by fhe mizxed function

oxidase syster lccated in the gut and fat btody of insects

[l

and the liver of sammals and birds (Cremliyn, 1978). . Bothk

salathion and lalabioq,apa -detoxified by carboxyethylases

table. This mechahlsm of ‘detoxiticatiorn is particulary is-

portant since it is believad to confer 'selectivity! tc ma-

lathion's tcxicity (Cremlyn, '1978). Both, 4insects apd’

vertebrates rapidly metabollise malathion to malaoxon but in-
sects, 1in §enéra1, have low chrboxyesterase:activities al-
lowing malacxon to accumulate at the perve endings. Bigh ac~
—tivlties of these enzymes nerve endings - in verfebtate;
prevents appreciable wmalaorxon accusulation 1n vertetrate
perve endings at the dose levels regquired for insect toxicl-
ty. Thus Jlov vertebrate high 1insect tcxicity toxiclty 1s
achleved. . |
Studies have shown that l;lpthion has low toxicity in
‘chickens but at high oral doses (392 ngrskg) nmalathion can
lead to increases "in mortality, depression, 1loss of appe-
tite, laboured respiration} discharge froms the 'eyes'and
ncse, salivation, 2 prefe;ence to rest on knees, paralytic
ccnvulél&ns and death. The analysis of radiocactive phcsho-
Lcus excretionrip "surviving bhens, . bovever, shoved that

greater than 50% of tne malathion 1s excreted within & hours

~

o

vhich produce vater soluble compounds that are easily eicre-
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of adsinistraticn and only traces remain after l§ tours
{Gupta and Faul, i977). These results indicate that accumu-
laticn 1s unlikely. Therefore, 1t is unlikely that a sig-
niiléant apcunt of salathion vould accumulate 1in the egg
* ptior‘tpﬁ laying (Gupta and Paul; 1977 and March et 8le.,
19557{J '

A study daesigned to simulate field spraying of mallard

duck eggs at levels of 1/2 and' 5 times the levels recosmend

by the 0.5+ Environmental Protection Agency (EPA,iZS lt/acre
in aqueous emulsion-and 2.3 lb/acre in ¢il) 1ndicated that
maiathioﬁ vas non-toric aand non—-teratcgenic 11 agueous enunl=-
sico or oil at 1/2 the racoamended concentraticn: E Toxicity’
and teratogenesity were, hovever, ‘observed vhen eégs vere
coatea with an aqueous emulsion (but not in an oil'veﬁigle)
rcughly eéulvalent to 5 times the recompfnded EPA ievel
(Bcffman and Eastin, 1981). This study indicates that sala-
thiorn spraying consiitutes a poteatial hazard to avian em-
tryos 1if ccncentr&tions of malathion exceed those recomsmend-

ed by the EFA.

v
4ot e e



a4

"

10



2

R0 i
1D

7/

1] n -
P=5—CH—C=0—C s

=0~
.0



Figure 2:

o N

Structural:torlula of malaoxon

1"



-

0
i

P=SmCH=C—0=Cf;

0
it

O

Hzco/

U0

0

D

R

e
L}



) . : 12.

One thecry of the mechanise of ACtion of lalatgion in the
prcduction of anomalies in the developing EIbr705‘18 that 1t
stimulates 1insulin production and releasé by the eabryo (Ar-
senauit and Gibson, 1574; A;sensult-g; 3ler 1975; Laley and
Gibscn, 1977). ~ The 1initial studies vith ralathion shoved
that the qro§s aﬁncrmall}les prcduced in malathion treateent
were similar to thosé,proauced by insylin except that syo-
dactyly and polydactyly did not occur, whereas low frequen-
cles c¢f rlssing tarscretatareus and phalanges did cccur.
(Greenberq and LaBam, 1909).

Simllarit}es retveen tne effects of malathion and beef
icsul.p were not lirited to groes observaticns since Eypo-
quéeuia {Arsenault et ale., 1975 and Laley‘and Gibson, 1977)
and reversal with nicotinamide .(Greenbeféﬁand Laﬂan,r 1970,
nenger and ¥Wenger, 1973) vere also demonstrated. In addi-
t;on. hisioloqicai studles of the developing tiblas frck em-

bryoe 1njec£ed vith eithér iopsulin or malathion shcved ne-
crcsis 1n the central portion c¢f the eﬁiphysis cn the 8th
day cof incubation (Ho and Gibsocn, 1972a; - Fabinovitch and
Gibson, 1972a). Thbis pecrotic zone shoved decreases ipn gly-
cogern and matrix, and the adjacent cells shovwed an lacrease
in glycogen stcraqge, the latter belng a conﬁistant finding
in malathion treated embryos but an inconsistant sysptcm of
insulin treatment. Further, bcth treatsents were observed

tc prcauce patchy decreases in the deposition of sulfated

mucépolysaccharides {Duraisvami, 1950; Gill and lLaBam, 1972;

L
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Hiochlifte, 1974; Jackscn and Gilbson, 1977). ldditionalfy,
bone spiculg deposition wvwas 1rregulnr and . asysmetrical re-
.sﬁlf;nq in a ‘thickened layer aleng the concave side cf the
diaphysis (Zwvilling, 1959; - Rabinovitch and Gibson,' 1972a,
1972b; Hc and Gibscn, 1972a, 1972b). Througkout most of the
1néubat1cn periocd ciicificatlon prcceeded mecre rapidly and
the‘intensity and extent of alkaline rfhosphatase staining
va3d greater than controls. 6n day 20 o{ incubation the €pi-
physeal cartilage of t:eateq exbryos contaiped areas of.hy-
pertréphy vhich stained more intensely for glycogen, calcium
and alkaline‘phcsphata;e,' lodicating tbﬁt a secondary zone
¢f ¢ssification vas forming. In control eabryos this did
.nct occur until the _pcstfpatching stages {Ho apd Gitson,
1972b; Rabipocvitch and Gibson, 1972b).

Two ;tudies have been reported which attempt to demon~-
strate a direct relaticnshlp betveen the injection of wmala-
thion and increases 1in insulln levels. Id these studles aa-
lathicno was injected 'into the yblk sac on the 5th day cf
ipcubaticn and tbe‘deveiopqent of the pancreas wvas follqved
hlstolqglcal}y (Arsenault and Gibson, 1974; Laley and Gib-
scn, 1977). The results of these studies shoved increases
in both alﬁha and beta tissue in those enbfyos displaying
extrese sicroamelia, deflined as esbryos uiﬁP ;-linb to body
length ratic less than 80 % o0f the control mean, oabgay 11.

All treated emsbryos o¢o day 15 had increased alpha and bqta

tlssue regardless of whether or not microsella vas presente.
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Mcderate and extreme picroselia on day 17 zpd extrese =i~
crcmelia on d;; 19 vere assoclated with increased beta tis-
sue. ‘.Furthér,' the extent cf'the increase 1o the alpha apd
beta tissue vas positively correlated vith both the extent
cf bypoglycesla and the degree of micrceelia (Laley and Gib~
son, 4977). |
In suamary then, evidéﬁce.frou stwdie§ ¢f gross apoma-
lies, onicotinaride reversal, bcﬁe histolcgy 2nd bistochemis-
tryes blood sugar neasufenants and pancreatic histology sug-
gest a éorrelation betveen increases in 1nsQ}1n levels and

nalathion treatsent. It should be ncted, hevever, that not

all evidence pcints to this ccnclusion as there are some

aifferences in the effects of the tvo compoundse. Princifpal-,

ly, syndactyly and polydacéyly are seen in insulin treated
but pot 1a zalathion treated esbryos. Further, nicctirnamide
reversal 1s effective only up to 6 bours after ipsulin in-
jec;icn.iié;dauer and Rhodes, 1952) Sut up to 96 or 120
hours after mpalathion injection {(Greenberg, 1971). Alsc, 1in
aalathico “treated eggs, tryptophan was a more effaciive re-
vérslnq agent thap nicctinamide as 1t éeverseﬁ the decreases
in eng}yo size, the sicromelia and the incidence of beak‘de-
fects. Conversely, Landauer.and Rhodes (1952), usipg a ten
tcld highar dose of trypopnan, found that it ™probably pro-
duced no signifiéant change 1in élbryo ;ortallty, acr in the

teratogenlc effects cf insalin®. Some cifferénces in their

effects on bone development were alsc seen (Ho and Gibson,

iy
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197zb; Rabincvitch and Gibson, 1972).‘That is, laiathion af-
fected glyccgen levels 1n tﬁe chondrocytes ca days 8, 10{
12, 14, 15 and 20 wvhereas the glycegen ccotent of condro-
cytes in insulin treated limbs appeared similar to controls
(except as weantlioned above) 1n the region issediately adija-
cent td the necrctic reglons c¢f the epiphysis. Also, in ip-
sulin treated esbrycs, high calcium or alkaline phosphatase
activitlies were seen in the area of reduced matrirx %par the
end ¢of incubaton of 1n'areas of hypertrophied cartilage pre-
ceediuq the ar;ivﬁl of vascular tissue tc the area. This
was not observed 1o ralatblon treated esbryos.

There 1s DO reason to presume that malathion acts specif-
1cally to increacse 1insulln levels. In tact evidence points
tc the ccnverse, aS the amount oflalpha tissue also increas-
es. Additionally, there is oo sclid reason to predict that
increases 1in endogencus iosulin will have ;ffects identical
to tnose of injected mammalian 1insulins. , Thus, the rela-
tively wmincr differences outlined above do not necessarily
refﬁte the hypothesis that malathion acts primarily via an
increase in embyronic insulin levels.

The strengest reasonh to question - this hypothesis is that
the changes in the limbs of malathion 1injected embryos oc-
curreda as early as day & (do andﬁGibson, 1972a, 1972b; Jack-
sop acd Gibscan, 1977} with reversal of the syndrome up to
day 10 or 11 cf 1incubation (Greenberg,'1971), vhereas chang-

es in the pancreas have only been demonstrated on days 11
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thrcugh 19 (Arsenalult and Glbson 1974; Laley anad Giltson,
‘1971). Clearly evigknce of {ncreasesi in ipsulin levels. in
the.latter half of incubation 1s not pecessarilly indicative
¢f earlier increases wﬁen the initial changes in the liasbs
and beak occure.

The second part of this study vas designed to test the
kypothesis that wmalathion ex%Fts its teratcgenic potential
by i1ncreasing endcgenous instlin levels in the develcping
chick elbryc.' ?o test the efficacy of thls bypothesls mala=-
thion vas injected apd plasaa ipsulin levels vwere measured
cC alterpate days frcs the 7th to 17th day of incubation.
This tise frazme =made it possible to cospare the result; ct
thls.eyudy sitp thoge democnstrating chapnges 1n the pancreat-
ic histology (Arsepnault and Gibscn, 1974; LaLey and Gitscn;
1977) and the tfhe ot.initial changes 1in bcne development:
(Hc ana Gibson, 1972a, 1972b; Jackson and Gibsoa, 1977). In
additlonﬁﬁplaSla glucose lavels vere measured and an attempt

was iace to correlate the insulin levels with tha extent of

klcrosélia and hypoglycemia.



Chapter II .

MATERIALS—MiD BETHODS

2.7  EXRPEBINENIAL ABDIBALS

Fertile eqgs . fror ¥White Leghorn chickecs vera obtained
froa Semetin Hatcheries, St. Canute, Québec. Prior to ipcu-
paticn, eggs were candled and those with cracks, poor calci-

ticaticn or displaced air spaces vere discarded. " The re-

- mainder vere stored and placed 1n a Jamesvay single-stage

1nchbator (3u'c) over a perlod of 2 to & days.“ The eggs

Were rctated every tvo hourse.

2.2  JMJECTIION PROCEDURE

At 120 bours of incubation the eggs wvere candled and nron-
fertile of dead embryos were discarded. 11ab1e. €ggs vere
punctured above the air space uslilng a stérillzed dissecping
peedle fitted vith a stopper such that approximately & msm of
the needla was exposed. Through this bLole 0.1 ml of sclu-
tion vas injected into the yolk sac using a 1 sl tuberculin
syringe fitted uikh a 23 gauge, 1 inch needle. At the end of
each injectlon the bevel of the neaedle wvas checked. If yolk

was present (indicating damage to the vitelline lenbrané and.
]
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a posslbiliiy of the presence of yolk in the albumen,
Mclaughlin et ale., 1963) the egg vas not 1iancluded‘in the
étudy. The relainderaueré_sealed_uith paraffin varx and re-
turnéﬁ.to the incubator. An untreated group vas included 1in

each batch cf eggs.
' .

’

2.3  IBSULIN IBJECIIOQNS

2.3.1 golutions
-

1} rurkeyllnsulin

Purjfied turkey inrsulin (II) 26 I0/ng {®eouse convulsion
test, Flundell, .1981) vas obtained frds Dre Te Le Blundel;.
bicrkbeck College, University of Londone. The injection aéiu-
tion uas'prepared by dissolvlngb insulin and scdium chlcriﬁe
ip hycrochloric acid, pPH 3.0. Scdius hydroxide wvas then
addea arop by drofp sc that the soluticn turned froa clear to
clouay ang then cleared againe. when the solution had
clearea, indicating & pH gfeater than 7.0 (windbholz, 1976},
the sodium hydrorxilde add;tions vera stopred. | D;stilled va-
ter was then added to bring the total ccncentrations of ia-
sulin and sodius chleride to 2 10/0.1 al and 0.9 %, respec-
tively. | |

A contrcl solutlon (saline-TI) consisting of 6.9 % scdium

chloride solution wvas prepared 1n a sisilar fashion.
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11) Maamalian Insulins

Tvo regqular Iletin insulin soluticns (100 10/ml), one a

beef and rpork sixture and the other wmade from pork coly,

'(conplilents'ot E11 Lilly Cos., Tcrontc) vere used. Each vas

v
dilutea using a 0.9 % sodium chloride solution to give a fi=-

pal concentration of 2 I10/0.7 ml.

A contrcl consistiﬁq of saline ¢ glycine, was preparedlhy
d1luting a 7.6 % sclution of glycine which is normally found
lqlthe ccamercially prepared insulin solutliops, ip a sisilar

' maopner to that of the above mammalian insulin soluticnEe

111) additiorpal Coantrols
Io aaditicn tc the above menticned controls one groufp was

injected vith 0.9 % sodium chloride scluticp (saline) and

anotbher wvas left untreated.

Each of the above solutions vas sterilized using a 0.22
ur nitrocellulose filter and stored for not =more thanp five
days 1in a vacutalper at 4°C. The sclutions vere varmed to

crcom teaperature prior to injection.

.

”
iv) For comparison purpose3 grougs c¢f malathicn and corn oil

treated embryos (see belovw) vere included in this studye.

Py Y

L SN
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2.3.2  )ssessaedt of Iokicliy.

i In order to assess embryc mortality, the eggs veté cap-
dled on 1ncubatioh days 7, B; 9, 11, 15, 15 and 17, and all
dead elDEY;SuUerF recorded and;qlscarded. Tte :;laining en=-
hryos‘uere ccllected on incubation day 17, veighed, axasined
tcr gress anomalies and measured ftr body ,iength (distance

from crovn t02IUIp) ang lisb lgngth (distance from the prox-

1mal end ot the femur to the prcximal end of the phalanges).
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2. BALAIBIOF INJECTIONS

2801 solutions
) s .
A 0«1 ml volume of 5 % malathion (95 % technical grade,
complisents of Cyanaamid of Canada Ltde, Pt Claire, Québec)

ip sterile ccrn oil vas used for all malatbhion lnject;cns.

The solution was stcred at 4°C for po lcnger than 24 hcurs

or at roca teaperature tor up to 12 hburs. Uninjected and

ccrn oll injected embryos vere used as controls. \

"248%«2  Sampling Iechnlgues

1. Days 7, 9 and 11 ct 1n¢ubat1cn.

On the day ct saiplinq the egqg vés capdled and marked
abtcve the vittelline vessels, and then.the_shéll and cherion-
‘ic henbraﬁe above the vesssels were removed. Blood vas col-
lected usigﬁ a 12+5 cm lony plece ¢f Tygon tubing, vith an
iuner diasmeter. of 0«25 an (Cole-Parmer Instrument Cokpany,
chlcaqé, Illinols). This tuping was fitted at each end with
a 26 g#ﬂqe, 172 inch syringe needle (tubing A)e. One end of
the tubling vas placed through a vacutalner stopper which g;t
tightly on @ chilled 0.5 =al eppendcrf centrifuge tubes To
create suctlon a second needle was passed into the vacutain-
er top, the distallend of this tubing (tgbiﬂq B) was con=~

pected to a 1 ml tuberculin syrinoge (see f£fig 3). Prior to
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sanplihg tubing A and the‘eppendo}f tube vere heparinized by
pésslnq 0.1 al 6: 20 UsP/zl amsonium heparin sqlution
through the tuldng tc the eppenderf. The solution. vas.

rolled around the sides of the tube and.ezpeiled. Any re-

iaining sclution vas evaporated at rocam temperature.

-~

b



Surgical  technique used in the ¢collection of blood samples

from exbrycs on days 7, 9 and 11 of 1ncub9tion.

Figure 3: Surgical technigue for blood collection .

23
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11) Days 13, 15 and 17 of incupaticne
Blood was collected froe the ailantoic artery directly
into a neparinized 1 ml tuberculin syrioge fitted vith a 23
gJauge, .1/2 imch needle aad wvas immediately transferred into
a (e5 oL 1.5_&1 eppendorf tube and pl;Ced cn 1cee. Beparin
ccncertraticns did nct eéxceed & USP/ml ¢f blood.
— Sanples from all days were kept on ice fcr a maxiaur of 2
ncurs. They vere ther cantrifuged 1in 5 brinkmann eppendort
centrituge‘at 12,000 x g (scael 541Z) for ome minute and the
plasmﬁ vas stcred for no longer than a year at - -70°C. Due
tc zechanical problems wilitn the Storaqe'freezgr,‘\he saeples
wer; transferred tc a -z0°C freezer fcr a period of approri-
aately 2 ueeké. At no time wvere the samples thaved pricrc to

the 1nsulln assaye.

2.8.,3 Agseggment of Toxicity

1) Gross Hcrpholcqiéal kExaminations
Iemediately after blood collection the embryo was freed
¢f its meunbranes, héiqhed, measured for body and right lizb
- “length {in all except day 7 embryos) and exenined‘for gross
anoaallies. Due tc difficulties 1n distinguishing the'lcng
boues frca the the surrouniing tissues, day 7 embryos ;ete

fixed'in 95 % alcohol and stained with alizarin red S and
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Alcain blue (Mcleoa, 1980). Liab. seasurezents vere then rade
us1ng & stereoscope equippad with am occular IiCtOleterf

In order to assess the eambrycnic wmortalities the eggs

vere candled daily from the 6£h to the 17th day of incuba-

ticn.
N~ _

11) Insulin Measurements (/j

a) Materials

Guinea~plqg anti-inpsulin 3erue (AIS; rrepared by Dr. Je.
. v

braater, Lepartment cf Eﬁdoqrinology and Metaboliss, Civic
bcsﬁltal, bttava). rabbit anti-{guinea~fig globulin)
(AGG ), Dormal gulipea-rig  sSarul (HGS)' apd .rat 1nsulin stan-
dards were generously p;ovrded by Me Dalpé~Scott, Dr. HeMeCe
"Helck ana LCr. N« PBegin-Heick (Department ¢f Blochemietry,
V*Uuiéerslty cf Ottawa, Ottawva)e. Furiflied chicker insyfiﬁ
(Klmﬁel et ales 1908),‘ iot number 615-1042E-289 wvas donated
bty Dre. R..E. Chance'(Lilly kesearch Laborat;ries, Ipdiapapo=-
lis, Icdlana)e. Bovine serun albumin, fraction V, FIA~gra e'
wvas purckased from Sigsa Chewxlical Co. (St. louls, Hb), sodli-
um merthiolate was obtained from BDH and *2%I-labelled fork

ipsullin (specific activity of 100 uCi/ug) was purchased froms

heuﬁhngland Nuclear Corporation (Lachime, Québec).

L) Preparafion ¢cf Standards
Purified chicken 1nsulin (225 ug) was dissclved in 2.5 =l

cf distilled water. AD aliquot of thils solution was further



- ' 26
}- -

alluted with scdium phosphate buffer (0.577 % Na, HPO4ZE20:

G+105 % NaHyPO, HZO) cdgéainlnq,6 % bovipe serum altumin

(ESA), 0.6 % scdiua chloride and Ue.28 % merthiolate, pH 7.4.

1kis solutic; vas stcred (-20 *C) in 1 21 aligquots. Fipal

dllutions were pace as ngeded ¥ith borate buffer (8.25 g
peric acid, 2.7 g 'scalum hydroxide, 10.0 mg nerthioiate and
3 ml of concentrated dCl par liter) ccntaining 0.5 % BSA, pH
BeUse 1hese scluticns vere aiso stored at -~2C °C. The con-

centrations cf 1nsulin used 1n the standard curve ranged

trce 5C to 3,200 pq/d.B »i and 0{§w§ BbSA tLecrate buffer wvas'

used as the zerc standarde.

c) Fteparaticn ct Saepples

‘lemediately pricr tc their aadition to tle insuiin, assay
sasple: were thawea and centrifuged in a Bripkmann eppendorf
centrituge {wodel 5). Saaples were,pooled vhen necestarye.
Co all days, excefpt déy 7., rocling was based on the lixb to
bcdy lengthk ratios and no ambrycs vere pcoled 1f thelir rat-
ios ditfered by rpore than 0.02. Po;ling of - day 7 exbryos
vac basea c¢n blood voluaes. The apounts c¢f plaszxa tc be
used irn the 1ips3uliln assay for each day sappled HaS:ChCEGH
tasea cn preliminary assays showlong the zinihuns volumes re-~
quirea to_cbtain between 75 to 125 pg of insulin‘pet assay

tute. This range vas selected as it is wvithin the most sen-

" sitive pcrtion of the standard curve (50 to 200 pg) and kept

the ouxrber cf enbryos rer pool to a mlinirume. AsS the maximunm

allowabtle sample voluze per assay tuke vas 3C0 wul, 1t was

-
——
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nct possible to cbtain sean insulin values uithin the 75 to
125 pg rénqe for samples ffo- incubation days 7 and 9. The
values weré, hovevar, abova 50 pg/tﬁbe and thus, vere still
ip toe ‘most sensitive portion cf the standard curve. When
pcssible, usually tor sasples troa ~day 15 a2pd 17 incubated
exbrycs, assays vwere perfor:ed.in duplicate but oanly single
aesays were pade cf poolea éalples. .Table 1 shovs the pum-
ter ¢t saaples pocled for each aay of incubation saspled.

It should be poted that a total *samrle vcluse' of 3C0 ul
sas adcec to eack assay tube and Q.5 % ESA bcrate beffer, pH
0«0 van addéd as_requxrei; to bring the sasples uf to vol-

URE .
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FABLE 1

Nusber of plasma sasples pocled

husber ot elbryos used to optalrn the minieux requiren vclume
ot plasma froas eabryos of different days.



(/’“ .

Day :

lNCUgAT?gN 7 9 -1 13 15
-

EvpaBER O ep 3705 3704 1702 1702 1
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d) Pr ‘arétiohrof Tracer .

1 labtelled pork insulin vas diluted vith 300 gl cf S<7
distiiled wvater, divided 1nto 25 ul fractiocns and stored at~—\‘>\\fw¥__d
-20 *C. A further allutlon ueing 0.5 % BSA borate buffer
vas sase such that tke concentration of :2%I-ipsulin vas re-
uucéd to 50 pg/ul., Iezediately pfior to the assay a tfinal
diluticn vas made (with 0.5 % BtA borate, pE 8.0) such that
Z ul of tracer (50 pgsul) im a vclume of 100 ul was adced to
each tube. ',, )

The original 25 ul tractions were stored up to 1 scnth
ard turtbher dilutions wer2 stored at’ 4 °C for up tc-one

wEeK o

e) Iusulln Assay

Insulin was eeasured using the Hales apd Randles (1563)
dcubie .antinody radioialunoas?ay method modifiaed by
Calp&~Scctt and covorkers (1982). In this sethod 300 ul of
AIS, ciluted tc glve 30 to &40 % precipitaticn(of radlicactiv~
1ty wher nc insulin standard is present (1:720,000 final di-
luticn) apa 1GC ul of rabbit AGG (1:90 or 1:72 final dilu-~
tion depending on the batch) vere incubated in the presence
ct 100 ul of KGS (1:900 fimal atluticn) at & '6 fcr 24
becurs. Tc this sixture 300 wul of chkicken insulin stancard
or sample wvas added and the preparations vere ipcubated fcr
6 houre. l12%]-labellea pork insulin (100 ul) vas added at

the enc of this time ana thae tubes were returned to 4% *C fecr

19 bcurse. They vere then centrifuged at 3,000 rpa (Becksan
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.centrifuge, loéel J=-6), decanted, wired dry above the level
of the precipitate aaa countaé using either a Picker, Autc-
vell 2 or an Amershana, sodel 1198 galla'connter... Tvo tubes
ccotainipg tracer alope vere used fcor the.tofﬁl countse.

A corparison c¢f the cticken and rat ipsulin stapdard
curves i3 shcvn 1in filgure 4. By comparing these one can see
that the assay is @gcre sanslitive to the rat insulln, as_
greater decfeases in the % bound to free 257~ iﬁsﬂlin vare
seeh in respcose to the increasing rat 1insulin levels than
witn increesing chicken 1nsulin levels. A.Decfeases in thé 3
ocuad to free '#5I-insulin observed with the lov concentra-
‘tione= ¢t chicken fnsulin vare, howavar, reas=cnably large and
the CcrsCt cﬁtve {vhere, Cg and Ci are the ccncentrations of
radloactivitf_in the anti-hody complexr vhen the ascunt of
unlabelled insulin 1s zero and 1, respectivel#. BEalees and
Fapdle, 19€£3) shovs that linearity is ottained over the
range froe C to 200 pg (f1g 5). In order to verify that the
stancard curve vas senslitive encugh tc ne;sure chicken plas-

ra lnsulln levels wveveral studles were conductede.



The effects of unlapelled rat and chickep insulins cn the
recovery of *25J-jabelied rat insulin.

B represents the amount of radiocactivity (cpe) present 1in
precipltate,

E represents the total radicactlivity {cpa)

&

'Figure 4: Reccvery of rat and chicken insulins..



% B/F

\

70— -
. _ 0—-0 rat insulin -
60— @—e chicken insulin
50—
40-
N
20— ——
. —&— ®
10— — o
o]
T3 1 | B | ) i
50 400 800 1600 | 3200

Unlabelled insulin {pg)



The effect of unlabelled chicken insulin on the recovery
ct 14%1-jatelled rat insulin.

Cc represents the radioactivity (cpa) present in the pre-
cipitate vber nc l1osulln 13 adaed to the aasay mixture.
Cl1 represents the radicactivity (cpa) present in the pre-

" cipitate. A knov concentration of ipsullin standard is
addea to the assay alxiture.

Figure 5: Effect of chick insulin cn the recovery of
labelled insulin ’
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Table 2 giies ihe data collected to test the effect of
ueing diffgrent volq:es of rlasasa in the insulin assay. Froa
the values obtained 1t vas concluded that the léasurelent of
insulln waeg not affected by sasple volume.

Table 3 shovs fesults of a study on the reproducabilify
cf ipsulin measurement in which single saaples were divided
into two aliquots and 1n§u11n levels measured in separate
stays. The fipndings 1n&1ca£ed that a high'dgqrea of preci-
sicn was obtalned 1n successlve assayse ‘

In additioa, tc ensure that there vere no factors present
in tn€ plasra wkich interfere with the aséay, . sasples of
gtandards vere assayed §eparately and togethere. Th? ration~-
ale was that 1f nc interferlng tactors vere present-then the
calculated value cf the standard ({stancard and plasma rinus
rlassa alone) vould equal that of the actmal seasured value.
Table 4 shovs éhat this 1s 1ipdeed the case. Therefore, it
can be concluded that the gubryon1C'ch1£ken p};ﬁla did not
ccntalﬁ substances vhich 1ntgffefe vith the ledsure;ent of

~insulin levels.



- 34

TABLE 2

¢ Effect of plasma volume on insulin measurement

\
~ ‘ .
Cata showing the effects of varlaticns in the plasma volume

uced on the measurement of embryonic chicken insulino levels.d)

YAll voluses froe a gilven day of incubation were obtained
fror o single pooled sample of plasga.



DAYy oF - VOLUME OF PLasMA Mean PLAsMA
INCUBATION PLasMA Useb Insugln INSULIN
' N7
13 ;g ' 0.46 + 0.049
13 1%5 E:%@ 0.27 £ 0,039
: .5 '
s i 48 s
5 .g 158 0.042
17 183 3:39 0.40 £ 0,035
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TABLE 3

Aligucts of chicken plisma assayed cn 3eparate cays

Deta snowving the frecision achieved wken insulin levels wvere
reasured in aligucts of chicken plasma ¢r 3separate assay dayaJ

Tvalues shkown are ng pf iosulin per =l ¢t rlasma



DAY oF 15T Assay oD

: Assay ALCULATED
INCUBATION PrasMa INSULIN PLASMA ?NSULIN IFFERENCE
7 0.22 | 0.19 0.03
C.38 0.19 0.19
1 0.26 0,34 0.08
13 . 0.16 0.13 0.03
15 1 0.25 0.25 0,00
15 0.55 0.51 0.04 <
17 0.33 0.33 0.00
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TABLE 4

Eftect of chicken plasma on insulin leasufélents

treciaice cf 1asullin measurements when igpsulin gtapdards

(sti) were Eeasured alone and in the presence of chickenpn

emtfyc plasma.

Insulin sté alcoe — (plassa + std - plassa 1insulln alcoe)

flasma ipsulin alone - (plasmka ¢ std - insulin std alcne)
expressed as cconcentration cf insulin per sl of plassa.,

L)
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In additicn tc a standard curve several other ccntrcls
vere tested in the assay. These contrcls included tubes con-
taining no 1st cr <ad antiﬁody and no 1st antibody. This
rrccedure ensured that the background level cf'counts ip the
asséy veélfe no greater than that of the geema counte;. Al?o,
extra standards ccntaining 75 to 200 Egg of insulin vere as-
sayéd in auplicate every 20 to 25 tubes; thus the ;recigion
¢t the assay ;as monitored continually. 1In addition, tc en-
sugg that the assay was coasistent fron|véek tc week tubesg
ccotaining aliqucts of two plassa .pcols (sade from day 16
19cupated chickern eabryo plasma), %ne a "high pool"™ spilked
witn chicken 1insuliln, containing éppro:lnately 515 rg and
apcther a "lov poeol®, containing approximately 58 pg, vwere
1£cluaeu 1n a35aySe ‘fThe assay was found to be consistent,
as the nmeaps and standard deviatliops fc¢r tte high and lcvw
rccls in the elgbt assays used vere 10.3 hg/ll t 1.05 and

Ue25 ag/rel *t 0.0€ Dg/al, respectivaely.

111) Glucose Measureaents

#lasmasglucose levels velygdeternined 1n duplicate from
seasurezents of 1C ul .6f either unalluteg or two fold dilut-
€a plassa usiag & tecksaan glucose apalyser #2. Thls methcd
18 ba;ei‘ on the reaction 3f E-D jlucose and oxygen 1p the
Frederce cf gluccse cx;d:se and water producing gluccnic
d4¢cid apa h{ﬁroqen peroxiae. An oxygen e€lectrode within the
reactlco chasber measurds the rate cf oxygen consusptioDp.
This rate 15‘ rrcpecrticnal tc the amcunt of glucose present

aLd i: scaled tc give the jlucose ccancentratiche
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2.5  NOTE ON STAIISIICS
Ali cosparisons, except as indicated belowv, vere aade us-
ing a Student-Newman-Keals test ccrrected for sarple size
(Sckal and Rohlf, 1969). Comparisons of day 7 liab tc Lody .
" lepgth ratics vere made using a t-test (Zar, 1974). Since
;he data for the day 7 plasaa 1psulin levels was not normal-
ly distributed a Kruskall-dallis test was used for its anal-
vyeis {S5elgel, 1956). All mortality data vas'analyzed using a
Chi Squared taest {Sokal and thlf,‘ 1969). Correlations be-
. tween parametars vere xade' using regesslion analysis (spss
manual, 1975).
Limo tc body length ratios were norralised prior to their
atalysis using arp arc®ine transfcrmation (2ar, 1974 ). The
signiticance level used for all analysis vas the 95‘% ccnfi-

dence level.



Chapter III

RESULTS '

3.1 INSULIN INJECTIQNS

Taple 5 shows that there wvere 1o significan£ differences
(r ¢ u.05) Dbetwveen Dbody welghts cr ‘between limb to tody
iength ratios 1in the uninjected ccntrols, 1njected controls
cr the beef and pork 1nsu11n-nixture injected grougse. The
latter group did, however, contain one case of moderate mil-
cremelia (limb tc bedy length ratio of less .than 90 % of the
cont;ol maan, Lalgy-and Gibspn, 1977), Micrceelia was ﬁever
cbserveld 1o the control anlmalse. T;;\pork itnsulin treated
embrycs .snowed a significant decrease (p < 0.05) in Lody
weight relative to tne€ untreated and saline-glycine 1injected
ezbrycs. They were not, - however, significantly different
frcm tne other control Jroupse. The turkey irsulin inijected
§yroufp welghed slqnificanély less (p.< 0.05) when corpared to
all ot.tne control groups.: Eebrycs £reated with elther tur-
k€y or perk insylin haa sijnificantly (p < 0.05) lowver rean
'lilb’io body length ratlos. The etfect was greater 1in the
turkey insulin injected qgroup, as the nmean liab to b;dy

length ratics cf this jroup wvas significantly less (fp <

Le0S5) than the ccntroel éroups andkg:oups 1njectéd vitq‘gtﬁEr
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ipsulins (table 5). All three insulin scliutions had sizilar
effects on beak developaent, treatéﬂ ani,als having a higher'
incidence o¢f short upper beak belng observed 1n each of
the3e jroups (taktle 6).

The effects of turkey insulin 0n the esbryonic develop-
ment ¢cf chickens was similar 'tc those cbserved vith the mam-
mellan 1nsulins except that the decreases cbserved 1n the
iiep to body length ratio.-as sore proncunced with the tur-
key iasulin injections. '

The etfecta of 0.1 Bl of 5 % malathion (table 5) were
" simllar to those described for insuiin 4in that =zalathion
slgnlt;cant;y decreased (p < 0.05) day 17 enpryo veights, as
did turkey 1ipsulin, and iiub to body length ratios, - as did
turkey and rerk inosulins. Malathion had an extrere effect
co the latter raraeeter, as the decrease% cbhserved vas nct
coly slgnificantly diffecent (p < 0.05) frgn the controls
but also frow all cf the 1nsulin injected groupse.

The eftects of malathipn on beak develcpeent, bowever,
differéd froe that of the insulin scluticns 1n that parrot
beak apd shcrt lower beak vere produceﬁ whereas short upper
beak was nct (table 6). Further, whereas malathion produced
a high 1incidence of sparse feathering, crly one case of
spdrsé feathering vas observed with insulin 1njecticns.
This was seen in the turkey 4insulin group. It should be
spoted that sparse feathering 1s difficult to quantify and

only eerbryos demcnstrating obvious cases were recordede.



TABLE 5

Insulio cr malathlon treatment - weights and limt/bcdy
ratics

Ettect of injecting various control sclptlcns, aanmaliar

insulias, turkey insulic or malathion on body wveights (g:)1

2

and lisb to body length ratios®of day 17 elﬁ??Bs.

length ratics of day i? 2RDI YOS
bEabryos were 1lnjected on day 5 of 1n¢ubaticn.‘
1 mean * stapdard deviation.
2 pean (95 % contildence interval).
aignificaptly different froa all control groups, < C.05.

**signlficantly different frorm all control and maamslian

insulin group3, p € 0.05+

**Eign1f1cantly different from all other groups, p < 0.05.



SOLUTION INJECTED N Boby WEIGHT ‘:2&%2.‘}%

None 28 20.5 + 1.87 0.71-(0.70 1o 0.71)
SALINE | 21 19.2 + 2.36 0.70 (0.69 1o 0.71) -
SALINE + GLYCINE 22 19.8°+ 1.52 0.71 (0.70. 10 0.71)
SALINE - TI 20 18.7 + 2.64 0.70 (0.69 10 0.71)
Corn 0:L 21 20.1+ 2.87 0.71 (0.69 10 0.72)
Beer anp PORK 10 18.2:221  0.67 (0.65 To 0.€)
Pork INSULIN . 10 17.1+3.00 -0.62 (0.56 10 0.E7)*
TuRKEY INSULIN 17 16.2 + 3.64* 0.58 (0.51 vo 0.65)**
MALATHION 24 14,9 3.01° 0.51 (0.47 1o Q.55)***
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B . .

ThbkLe 6
N

Grosz acrphelcgy of 1nsulino ana malathion treated embryos

Fttect of injectiny various contrcl solutlions, maamalian

.psdlios, turkey insulin ¢r salathion on the gross eorfphol--

cly ¢t day 17 lncucated anm:yos.1-2

'

T gEpbryos were ionjected on day 5 of incubation.

2 values shewn are the % of i1njectea embryos (n) vhich demcn=-
etrated the abncrmality.

' o
-3 Focling of the results obtalmed with sallne, sallne + glycilne,
salipe-TI and cecrn ¢cil i1njecticos.

<

r



HORT . noﬁr .
§PPER PARROT WER CROSS SPARSE .
 SoLutioN InveEcTED N EAK Beak Beak Beak  FEATHERING
NoNE 28 - - - - -
PooLep ConTroLs3 84 - -- - 1 -
F AND_PoR - — _— -
?EEUL?IQ HIXTERE. 10 30 . 4
Pork INSULIN 10 20 - - -- -
TURKEY INSULIN 17 18 -- - - , €
MALATHION 24 -- 33 4 -- 38
&
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In suzmmary then, th2 effect of 0.1 &l cf 5 % nglathiop
1nject;ons cn embryonic development was similar to that pro=-
guced by 2 1U ¢f insullin «#ith Ehe axcepticnithat ralathilon
had a aore earked effect on the limb to body léngth ratio
and sparse featheringe. Further,.at least in this study, the
effectsvof ealatbion on baak developeent wefe,qualitatively
different frcm those offfiiulin. Hovever, 1insulin has Leen
rejorted as producind a highér iacidence of parrot ?eak or
shcrt lower beak, similar to those produced by malathicno
.(Duralsuami, 1950; landauer ard Clarck, 1963). b

One case c¢f ebnormal beak developrent, cross bgak, vas
reported in the éoutrol embryos. This 1s mcst likely a ran;
dca (ccurlrence as ¢ross beak is a kpown congenital abnorral-
ity in chickens (Landduer and Baumann, 1943; Grewval and
Singh, 1978).

Fijures 6 and 7 show the mwmortalities for each of the two
days c¢f ipitial ingubation. ; ccmpariscn cof lhese tvo fig-
ures shows that, 1in general, the day 7 mortalitles fcr enm-
bryoe 1njected con the first day 6f 1ncubat}on. vere higper
tth the day 7 mortalities for epbrycs injected on the séc-
cnd day and thig was particularly evident for those in the
turkeyilnsulln injected JIroupe This phenomenom was not ob=-
served in any of the other experiments. Indeed, no differ-
ences in mortalities were seen between the various days cf.

incubation vhen eggs vwere 4incubated over §“4 daj periode.

The large differences 1in intra qroup mortalitles for the two
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itcubation days zakes it difficult tc make £nt9r‘qroup cox-
pariscrs. Coaslstgnt trends b;tyeen the twve days do erlst,
hcwever, and 1t 1is ;pparent that ipnjecticns of the‘various
ccotrci soluticens ;gsults in a szhll.put not significant de-
crease in erbrycnlc  survival rates between tkhe 5t£ ana 7th
days of iacubaticn. The injecticns cf various 1psulipe re-
;ultea'xn decrecases 1n esdbryonic survival ccapared tc that
"¢t the focled 5;11ne control 1cjectea grourss These de-
creases. wore sigrnificant (p < (eU5) teocr all three insulics
€xamifed 10 the arcﬁp ot e53s shich wvas lpcubated cn the
first day ©t the tvc day lacubatico per{fu, and for tbe-pork
Lneullz,‘auo the teef and pork 1rsuliln aixture groups 1o the
£€Ggs lacubated on the secona CaYe in this_ experiment no

s.gniticarnt cifference in zcrtalities vere seen betveen the.

ralathlon anc ccra ¢1l 1nd2ctec gLOuUpS.
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reICest oudrvivzl £ uvricjeztedi &rcd inpjecte. embryozs lact-
[ated the t1C3t cay 27 a two zay lancubatic- rerica arnd
cagdlec ¢r days 5, 7, o549, 11, 13, 15 and 17.

Fijure o: <furvival curva for estrycs incutated co the st
day
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Fe€.Cwnht 5JFVi¥al CI USln)eZrted eRd 1njectec emtrycs lncuitat-
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Pl3ule 7: cucvival curve for escrycs Llacubated cro tone zud
say
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3.2  3ALATIBION IRJECIIONS

-
-
Tadie 7 shcws that th= wean body welghts of corr oil 1in-

Jectec ¢®LCYCcs were sigciticantly less than (g < C.G5) these

21 the -ualpjectec excrycs Ja dey 15 This findlng 1 ccn=-
. - B \! T4

tLary %2 ttat <t Greenters (1%¥71) vhc tcupnt that tie irjec-

1203 ol wel gl ¢f ccirn cill latc the yolk sac of chicker em-

Ly

/]

¢3 acy zay f{ror tae 4tr tercugm tc the 12tk cay of
_ccutat.os otoduces nc cltference 1o tne cay 15 body veights
shel TC338Ce€eC tC 23 UDLZ)elT€d JICUTe.

The 32letricn toiected  jroup tag Eean pcly velgnte less

re

tnaz tr  tr2 uclniectel acza coro cil injected groups ca

[

Jargz v, V1, 13, 15 zn21 17. These decreases 23 body veights

wele sljoiticantly citfecent trox toe corn c¢il jroup co cays

this sUujjests, as hLas beenltchnd previcusly 1ia

L;la‘:c;crt aLz by 5reeab=rJ, agod Lakas (1%¢%), that sala-
‘thicrn ifjdcticos LIcduce aecreas=§ in estrycric wefghte. 'Ia
1C3iti.1, = decreas=2 1o tn; sutvival rates ¢f the chiék en=-
DLYCy wis CCGelV¥ed wlth éltne: ccrn cili cr salatoicrn .treat-
1ent (113 10). It was Iepcltet earllier (Greenberg anc lLa=-
Gal, 1vy»%), and substantlated.by the tresent study that the
cxent ct the aecrease ia survival 1s sicnificaufly qrgat;r

(r € Leldd) ir the talathlica treated embrycs than in thosa

recelving ccrn cil.
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. TAcl: 7

hoay welghts ot salathilon treated evkrycs

kcay weitgsnts ‘(1ic 3raers) of untreated, cocrn cil-treated and
celatt.oc-treated eabtrycs sakpled on alternate days frcx day

7 o0te 17T ot Ancutatlcn.1

Beal * starLiarc geviatica (o).
% sljJnilicant ailference troe the ucnicjected group (fp < 0.09).

*k go.ficart aitferecce trcs toth the uripjected ard ccrno oil

indected grourse.



Day

UNINJECTED

orN OIL. - MALATHION
NJECTED INJECTED

7 0.74 £ 0.07 (37 0.76 + 0,08 (37) 0.78 + 0.02. (78)
9  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 _(14) 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) s 10.65 + 1.73* (32)
17  18.70 + 1,23 17.90 + 2.41 (18)  15.35 + 3.01°* (24)

(17)

<



rerceat =urvivel ct ucinjezted (U) and day S coro oil (CC)
St 5 4 zalateics (%) injected embrycs caudled dally fros
tte Sth to the 17tn cay 2f iccubatliche

Fljure o¢: Survival curve for aalathion treated and ccroetrcl
€RDLYCS



100 §2\"""0—-—-o—-o—o 0—0——0—0——0——0

' \ —o—q o——ao
ao#— | ¢——e—o.
’ \
70 A——b—a
B TA— ' s A A
60
2 sof-
2 .
» 40|
a2 30k
20+ ' 0—0 uninjected
e——e corn oil
fol o ' a——a Malathion
0 ] I i ] | ] L ! | \ 1
5 © 8 o i 2 13 14 15 B

9
Day of incubation



50

Figurks g, 10, and 11 shoi_tne REan liub.to body length
ratics, plasra glucose and plasra insulin values for the es-
Drycs usede. There were no 3lgnlificant dltferences-ﬂetueén
the unlnjeqted and corn oll lnjected eambryos in any of these
F2lageterse. Since aalathion's etfects on the liab to body
lenjth ratic of chicken eabryos vere already well estabished
(Laiey aad Gibsce, 1977), these measurements ware taken fri-
zariiy tc asgsess ccirelatlons Detweel the extent of microme-
ii& anc tpne classa Jluccse and insulio levels. The lismb and
t¢cdy lenjtn seasuresents vere nct perforsed cn day 7 esltrycs
dz= :rulimlnarv'resulta'Suouea that co signifiéant ditference
€11s5ts Detween uu;njecten, corn o1l injected or salatnion
~Lijected enﬁry:: at thi3s =aztage cf developerent (table 8).’
i3 3 sncwj'that signiticant cecreases (f < U«05) 1n limb to
LCJy CEL.C8 wWer= coservéd Y o respouaé tc malathbicn treaitent
¢n toe sta, 11ta, 13ta, 15t and 17th days cf 1ncubaxicn and
tild a3 tTUe regaruleas of whether tne lixt to bocdy length
tatios ue:e'co:pured 2as indivigual data peirts {(oct shcwr)

Cr as averaje liabt to £O02Yy lengtns used in thle esbryo FCOlsa

’



it

Tata shcowlng

atel eibryCs

51

FASLE & -

t¢ LCcCY ien3ta ratics tor day 7 ewbryos

tne limc tc body lengtn ratios tecr day 7 irecu-
icjected with Jel 31 ot coro ©1l or 5 % eala-

5tn day of :.n:ucaticn.1

Y3lUe3 SbcCwn are acans with toe 95 % ccnfldence interval

lr tarw=atheges.



SOLUTION | LiMB To Bobny LENGTH
INJECTED N RATIO

-~ Corn 01L 9 0.15 (0.14 70 0.16) |
MALATHION 10

0.14 (0.14 To 0.15)

2
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bl

iigp tc body length ratios of uninjected and day 5 corm oil

cr 5> % malathlorn injected 2mbrycs examlnped ch alternate days

trecm aay v tc 2ay 17 of incubations!

1 yalues shcwn are peans and standard deviaticnse
. * Indicates a signiticant dAitterence fros uninjected and corn
¢il i1njected embryos, p < U«05.

Figure v: Llieb to body leajth ratics of malathion treated
exbrycs . ~
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Flassa jluccse levels ot uninjected ana day 5 corn cil cr
S % mpaiathico injected chicken embryos sampled on alterpate

aays tros tte 7tk to the 17 day ct incutaticoa’

1 values shown are means and standard deviaticnse
* Indicates-.-a significant difference fror uninjected acd ccrn
cil iajected embryos, p < 0«05,

Figure 10: Plasma glucose levels or ralathicn treatea
embrycs ' :
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‘_/'_"j

blasea iusulln ievels of uainjected agd day S corn cil ar-

> ¥ zalatnico i1npjectad cnicken embryoe senpled on alternpate

cays Lorce the 7tn te the 17th day ot 1ncunaticn3-2

Values shcwh ter lacubaticn day 7 are Redans, (D).

2 Yyziues s3hewn fcr lncubatior days 9 tc 17 are reans *
staudalfd geviaticns (z).

riguarce 11: lilasra 1irsulin levels of palathior g%eated
embrycs ! P
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‘1psulin lavels with
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Fla=aa gluccse aeasurements shovwed that h}poglycelia vas

present in xalathlon treated eabryos cno dafs.9 and 11 ¢f in-

cupatiche. The plasia glucose levals were pcsitively ccrre-
latead witn the liesr tc toay lgnqth ratics on days 9, 11 ani
13 (2ct =ncwh)e iheae fiading Jenerally ccncﬁr vith those
ct Lrevicus awthcts who alsc -feund hypcglyceata to be Lres-
eLl .L Gelathion treated eabrycs cn the 9t b %o the 19th d;y

5t lacutaticc (Arsenault and Gioson, 197z; laley and Gilsco,

1977} & 1Cs32tive correlatior vas alsc found to exist be-

- .

twveen the degree cf Lypoqlvceuié and tne extent of microme-
iia cc tae 11tn, 15th, 17th ana 19th days of lncubaticc La-
ivy anc Gitsorn, 1977). tlassta glucose levels of day 7
wIDTYC: wele erazirned. The Cesuits shcvea trat'hyﬁerqucenia
-;: pfesent in the salatbion treated entryés at tkls stage
ot Zeveloomernt (ti3 7).

One preocciicant thecry cf the 2echarise cf actico cf ma-
isatblern €2 li&c.develcpment 1s that ralathicn increasecs rap-
crea<ic insvlin secretiou (Arsenauit and G%rson, 1974 5 laley
enid GiDpscn, 1977)e. To tesct this, plasma i1nsulin levels vere
meqsuriif;?"-fﬁ?\ckree Qqroups ¢t eabryos on altermate days
trco fhe Tth tc,1\th day of laocurcation ttig 11)« These lev-
€ls uégc quitg varjapble and nc significant differences were

cblserved -betweern tne. urlpjectao, ccrn oil itnjectedi or mela-

tLich treated erbtrydse - An atteapt was made to correlate the

he limb t&~ bcdy length ratlos Eut no

ccrrelations were observed on ahy'ot toe incubatlion days ex-

anlned. ;
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Since the extent of the hypcglycezslia observed with
raiathion treatoert Qag heen. rpcsitively correlated with in-

‘ -

creasecd quantities of E cells on the 17th tc the 17th day cof
_incunatlcn (Laley and 61bson, T977) an atterpt to correlate
trlasra Losuliln and JlUC05€~lcVElS vas made. A poOsitive cof-
relatici Detweer these tw0o Lararetel: was seen oo the 17tn
day ot imcubation. Nc other correlaticns were observed. As
Flasaa Zpsulia anc‘qlucose-le}els may be af%ec;eé by“the he-
setocrit values, trese values were also measureds. Day 7 he-
satccrits {rteasurea &s red bloca call tc whcle blood weilght)
¢t Talathlon treated enbryos were significantly deﬁreased

ccspared tc the uninjected arca corn cil, 1njecté§ enkryose.

dewatccrit levels returned to ncrmal cn dayé 9 and 11 (table

o

9).

€ | !
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TABLE 9,

Hematccrit values for malathicn treated embrycs

Heratccrit values of untreated and day 5 corn oll or 5 %

raiathiot 1rjacted chicken emprycs sampled cn the 7th, Sth

and 11th days of 1ncunationﬂ

1_Va¢ues shcwn are meads * stancard deviaticres (n).

Indlcates a s;gnltlcant diiferencg froem uninjectea and coro

*
cli 1njected embryus, p < U.05.



.?OLUTION
NJECTED

Rep BrLoop CerL WeigHT 710 WHoLE BLoob WEIGHT RaTio
. & .

- Day 7

* Day 9

-Day 11

UNINJECTED
Corn Q1L
MALATHION

25.3 £ 5.2 (21)
25.4 £ 2.5 (25)
19.8 £ 3,1*(30)

24,1 + 2.1 (30)
24,3 £ 3.6 (29)
249 + 5,0 (85)

21.6 £ 8,2 ( 8)
25.5+29 (9
23.9 £ 3.1 (26)




Chapter IV

DISCUSSION

4.1  INSULJN INJECTIONS

+

Tﬂis stuay>sbow9d that turkey‘insulin injected 1intc the
_lflk‘SQC ct 5 day incubatea chick embryosA;egulted in acoma-
lies ¢f tne beak and Liabs similafAtc iﬁése producéh bylln-
jecticns of mammalian lnsulins (landauver, 1947;: Duralsvaal,
155063 Lano:uér and Rbbdes, Y952 hdbinovitcﬁ ana Gitscno,
1972a). Iﬁ'qodltion, the stﬁdy shoved tyat the turkey insu-
lir nac a significantly qgreater cftfect on 1ipb developrent
than cxd"either of. the two mawraltan 1nsulln prerarations
é(ddleo. This 1s the flrst dezonstratlcn, that'the ancxa-
lies produced in response to day 5 insulin icjectliorns camn te

rroduced by horolcgous Lnsulin. -

Tne study alsc ccnfirmed the cbservations cf preﬁious au-
thors wnc demonstrated that malathlion injections produce a
syndrose sinilar tc¢ that produced by 1insulin (Greenberg and
Latam, 1570: He and Gibson, 1972a,t; Jackscn and Gitscno,
1977 ). By theuselves, theée data support the hygothesis
that ialSthiqn may produces the cbserved anoraliés by trig;

1

gering an 1increase 1in endogenous itnsulin levels (Arsenault

LY
,
l ‘ i}
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ara Gioscn, 1974; Arscenault gt ales 1975; Llaley and Gitson,
1977},
.ln the past, haeciogous chick 1nsulin was not avalilable
in sutficlent guantities aad fcr this reascop bovine insulin
preparetions ~ere UuUsed 12 chicker eazbryc icjection studies.
But as there are alfferences between the aminc aéic sequenc-
2t of tcvine and chicgen 1nsulin (swith, 19€€) 1n bcth the A
chain (bovine alanine, sSerine ana vallne f@sidues cccupying
the bvth,. 9th and 10th positicus are replaced by histidine,
dsparyinine and threonine, respectively, 1in the chicken er-
pryc) and +the EF cheain (ﬁbving Fhenylalanine, Valing and
tnrecuine cccupying tne 1st, .Zna ana 27gh fpositicns teing
replaeced DY alanine, &alanine and serine, respect;vely) _1t
w@s iipossitle ;c i?termlne i1f the olserved ancmalles were
Gue tC the natural.ﬁftacts of 1nsulin or the result cf
stearic or kinetic aitferences Letween the €xogenous apg en-
dcgenou3s 1nguline.
Iu tnls study an atiemﬁt d%g_ rade to minicize this trob-
lez by using turxey'Lnsulia, which has the sase amino acid
3€quence aé}éhi;ken 1nsulin (Markussen and Sundby, 1973) and
can\tneréfcre be comsildered as agp homdlogous hormone. = Fcr
conparisonﬁpu:poqes tne effects c£ r.ork 1insulin ana a‘beef—
Fcrk lnsulin mixture wvere 1l3c testeq. Té.ensure.that phe
" N

Crserved ancualles were nof due tc elther tté‘téauma cf the
. . >

irjectiorn prccedure, ©Or to compcunds 1n‘the soluticos cfber

. ’
« than 1nsulin, aprroprlate coatrcl groups were included.

I b
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Lue tc the large nuabers 6; eqqsnusea 1:. toe étudy (tab

.6) the start cof iucubat;on wee staggered cver a twc day
Lteciocd. Figures % acd 5 3hcy tne survival curves frcr the
S5th tc tﬁe 17th day of iacubaticrn for ea;h cf the twc days
¢t ipitial incubatior. A compﬁrison cf the figures ého;s
that tre mortalisty was - nijher 2t day 7 in all but the beef
ang Lork mixtur grouo, 1ncubateq ch the first day of the two

day perica. The reasoa for this aiscrepaccy 1ls unclear

sincz all €9Js were troa the same ticck c¢f hens.  Fur-
ther,the present author aad others (Fcrarotff, 1967 ; Nar=-

paltz; 19@1; lalHarm, 1§81) have not cbserved differences 1in
ngftal;tles vhen grcupas of e3gs juere,stored under similar
cendtticns Groos .temperatarc) and placed ir’ the 1incutatcr
cver a %cut day pericde. The hkigh 1ntraqroﬁp differences in
scrtallties Letveeh the tvo days cf 1n1£ial'1ncuba;10p zakes
L1t difticult to Eake inuerjroupr compariscns but somé general
trenas were pbserved. The injecticn cf various'contro; SO0=-
LUtiCDa rgsulted ir a s@all but -cct significant decreases in
eatrycnlc survival rates. In aagoition, the lnjecticn cf in-
suiln resulted ip decreased survival beyond that observed
¥ith th’_Lnjectlon of the couégcl solutions. These'rgsplts
are ccna£§ten; with tnose of Fablonovitch ané Gibson (1972a)f

There vere¢ nc significant ditferencese between any cf the
ccdlrp; injected grcurs in anY” cf the }qrameters measured

(tap}eb 5 end &) and cnly-one ancaaly, c¢ross beak, was ob-

gerCveae. The fregquency of cross beak,-a knowr congenital de-
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fect ‘o cnickans ™ (landauer aca bausann, 1943; Grewal anpd

Slndi, 1970), vwas lcu_enough to suggest that its occurrence

ves unralated to tne ipjactiin preceduree.

A suszary cf the ra2sults of injecting sarmalian insulins.

$10J4y intc the yclk sac ravealea that neilther vork imsulin

nCr the Deef=-pork insulin mixture proauced changes 1n the

aay,17 ehoryc welghtse. Both treatsents, Lecvever, digd in-
. . y

crease the 1lancidence of short upper beak. On the cther

hani, ocly the pork insulic prcduced a sigrnificant decrease

'(; < (.05) 1o the 11iw0 td bouay length ratio although one 1in-
c.gent ct rcaerate rTicromella vas observed in the beet and
rcrck 1nsulin alxture 1nfécteu—q:cup. ' These tindings differ
trem theose ¢f most ctner authors whe reported:decreased body

€12e and iisb to bcdy Jeagth ratios and increases 1n the in-
7 - R

cldence f shert upper beak apd parrct beak 1n respoﬁée to’

bcvine insulin treatecent {Duratswaml, 1950; Landauer 1947;
anaeuer acd Rnodes, 1952; Landaver and Clark, 1964; Ratinc-
vitch and Gibson, 1972). TI'bls, Lovwever, has nct beeu‘é ﬁni-
verasal tlnoinq-asl a study comparlnd the. teratogenic roten-
tial ot 4 IU of -ioﬁr different Dovine insulins, Torcntc,
1iet1n, pretamine zincg 5r- crystalline 2i0g, 4injected into
the yclk sac on day 5 of incubation shoueﬁ that ‘noreal de-
'

velctaant cccurred in ail but the Iletin insulin group. In

this grouy 20 % cf the eapryos had short hind lisbs and some

ct the eudDrycs were smaller thar * the contrcls; no beakgde-'

fects ware reported (Greenberg, 1971). It wculd seex there-

|
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tcre, that the extent of the response dépends, 'ét least in
Lart, ca éhe tosulio preparaticr used.

Genetic varlability may also hLave ccntritufed tc tbe ob-
seryed ditferances 11 re3fdl0s€e it was shc;n that ;he'anb—
malies produced ty various stocksrof towl in response tc in-
sulin irnjectiocs are gquallitatively similar but ditfer 1n
trequency anc severity (landauver, 194?;_L$ndauer. 14513 Lad-
gJauef aad Fhoaes, 195¢). Indaea, Landauer and Rhodes (195é)
tepoﬁtej scasonal variations in respcnse t¢  1nsulin t}eat-
TELT SLécit;cally, they oL3erved a grédual décline in the

El

ipsuilr inducea gproductica c¢f wsicroxella and -beak detebts

-

tICs €eCly SfrCing tc ald sumrmer.

which cf tpne atove factors resultec in the differences 1n

ertrycnic respcaose 40 tne 1lpsullins used 1o this study anpd
trnese tcund by previcus authors

- .

Injecting 2 IU ct turkef insulin into tne-yélk sac cf the

15 unknovwhe

S Jiy incubated evbryos resultea in sigpificent decreases in
Ltcuy welghts ameo lieb to bcdyilength ratios, ang increases
1o the inclagence cf short upper beak‘(fiq 7 and 8). Indeed,
the fact thatltre cecrease iu tne.limn té bch length ratio
was s;qnlticant;y aitterent Anép only frem the controle but
also Iroa the_ two sammalian 1ﬁ§u11n lnjected‘qroups sSugge sts
that the'ncmolgqous insulla ;dﬂ a more pcternt teratcgen than
tne'uaumallan iosulins. . ‘ -

T he lncreaseﬁic pctency ot the homolgeus insulin is ana-

lagous ‘to the‘situatlcn found in juvenlle chickens 'where
i - ' kN
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as blackfly and midge larvae was recorded by Kingsbury (1978). Holmes
(1979) reported increased drifting of blackfly larvae and reductiofis
in mayfly nymph populations, and Holmes and Kingsbury (1980) observed
increased drifting of mayfly nymphs, blackfly larvae, chirondmid larvae
and caddisfly larvae, asyaellaspopnatimredu:ﬁms far these organ—
isms, dragonfly nymphs and stonefly nynphs._:‘ 7

This increased sensiti.vitylof- aquatic larvae and nymphs of terres-
trial insects-may be influenced by a number of factors, both environmental .
and physiological. Identification of these may provide information which
could lead to reduced non-target impact. Also, the effects of the formulation
additives, nonylphenol and diluant oil 585,should be investigated with res-
pect to toxicity of Matacil to terrestrial insect larvae and aquatic inver-
tebrates in light of the work by Philogene and ]‘.abaky (1982) which demon-
stratedﬂlatﬂmeadditiveswereastoxic;streact;.veingxedientto%
atropalpus larvae. | o

Two of the three benthic aquatic invertebrates so far examined (isopods
and crayfish) respond, acutely, to a similar concentration of ~aminocarb .
(appro;cjjnately 30 mg/L). This observation ma;y add some support to the exist-
ence of some basic difference between benthic invertehrates and aquatic larvae
of terrestrial invertebrates. | | |

The increased toxicity of aminocarb to C.r.racovitzai with increased
temperature is not surprising. This plﬂurerm is likely related to increased
uptake of the toxicant with increased temperature (Figure 4). Metabolic
rate of poi_ki.lotherms is requlated by the temperature of their envirorment.
Increased netabolilg.-'fi';te results in 1mreased respiratory rate causing a,
direct increase 2<n toxicant uptake across gill surfaces when exposure is

via water.

- 64,



4,1,2 Uptake and q;earéngé

Uptake of aminocgfb was propdbrtional to duration of

exposure (Figure 3). It was-obsérved that~uptake-was occur- ﬂ
. . ¥

ing into two compartments with one approaching steady-state

within 12 hours and the slower uptaﬁe compartment linearly
increasing its aminocarb content at least ﬁp 72 hours. This

biphasic behavior is also reflected in clearance of amino-

" carb residues from' isopods (Figufé 5).

Both concentration and temperature-of exposure have a
- ' ‘. -
direct effect on uptake of "aminocarb by C.r. racovitzai

(Figure 4). This has been observed for other contaminants

.and organiﬁps (Jessimén, 1981; Trudel, 1980; Lloyd, 1979)

. . N\
and, as stated previously, the temperature effect likely . V)
- ' . . T

L N . . . . ]
reflects an incredse in metabolic rate with increasing

temperature resulting in increased absorption. This may

~

indicate that uptake of aminocarb by this isopod is an active

T %

process.
. _ .

Clearance of aminocarb following éxposure to 0.4 mg/L
is represented in Figure 5 and anaiysis indicated that clear--
ance patterns from the fast-clearing compartments of the two

-

differenﬁ exposure temperatures was not significantiy diff-
.erent. Clearance from +the slow-clearihg compartments, how-
ever,. was significantly difﬁgrent between 12°c and 20°C (Table
Therefore, clearance of aminocarb residues fromftﬁe fast-

cleariﬁg‘compartment of C.r.racovitzai appears to be'passive.

Subsequent to clearance to most residues from the fast com-

65.
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"at?u'\e and is probably metabolically controlled. .

partment, houever, clearance becomes proportional to temper-

~

The metabolic control dver clearance of aminocarb from
the slow compartment is emphasized by the effect of temper-
ature on;the biological half-life for the elimination of *

residues from that- compartment (Table 3). Elimination of

carbamate residues 1s generally via the excreta subsequent

to metabolic degra tion (Kuhr and Dorough, 1976). As

"metabolic rate 1ncreases glth temperature, clearance of amin-

ocarb-residues would also increase, thereby réducing the half-.
- . B .
of residues within the organism. : g

Environmental Impact
To determine the impact of aminocarb application on this

species of\isopod, it is‘necessary‘to consider the factors

of acute toxicit uptake and clearance under enVironmental

. {
rconditions, Data (collected' at 12 C for C racov1tza1 will

be used for purpases of discussion since the mean aquatic

.environmental tempe ture reconkﬂ by Holmes and Kingsbury

(lo8®) was 12. 7 C ani therefore, 12% is likely represent-

ative of water temperatures’ during typical spraying periods

!

(May-June). Sundaram et al, (1976) reported a rate of de-
crease of am:Lnocarb from env:Lronmental waters streams) of

42% over a 4 day post-spray ‘period. Holmes and klngsbury

(1980) reported a maximum water level of aminocarb of 24.2

. ug/L following, an application &t the maximum 'allowable level

E]
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(175 g /ha}. They -also ‘noted that this level corresponded

well with a Tevel of 24.C¢ ug/L found following applzcatlon
" of - formulated Matac;l -in Newfoundland. : !
Ass g,\therefore, a water level of amlnocarb-of 24
ug/L'anaEE;ZZ% drop over 4 days, tpe average exposure level
for that 4 day period would be approximately 19 ug/L. Thls
level of exposure uould result in no apprec;able acute leth-
ali or knock-down. Conslderlng the patterns for, uptake
repjgténted in Flgures 3 and 4, uptake of aminocarb would

‘not be rapid enough nor wouldfxposure be long ‘enough to cause

/ L .
.any appreciable accumﬁlat?gp/bf residues. Also, clearance
is rapid (Figure 5; Table 3) and, therefore, no chronic

‘effects would likely occur. _However, dietary exposure to

aminocarb for predators of the isopod, such as the brown
~ A

v

bullhead, mighﬁ\pccur if sufficiént organisms were consumed

within the 4 day post<spray period.

-

4.1.4 Predator Impéct '

If uptake parameters % environmentally sxgnlflcant
exposure levels were.81m11;r.to those observed in this study,
thén.by extrapolating Figure -4 to 19 Fg/L, thé isopod tissue
burden of aminocarb qf;gf Zi'hours exposure would-be i.31
ug/qg dry weight. Exfrapolating,Figure 3 to 96 hours results
in an increase in tissue burdén, cézsed by extending the

exposure duration from 24 to 96 hours, of 2.74 fold. There-

.fore, isopods exposed to 19 ﬁg/L for 96 hours would be expeas- -

67.
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ted to have aﬁ‘average tissue burden of 3.60 ug/g (dry weight).

Catfish of approximately 5 g weight must consume about
3% of their body weight' per day (wet weight of fish: dry
weight of feed) to sustain proper funcéioning and gfbwth
(Ralston Purina Co., 1980). .Rubec (1975) rep;rted isolated -
' instances when isopods constituted iOO% of ﬁhe stomach con-
tents of‘bréwn bullhealls. Considering a 5 g fish*_xhib would
amount t; approximately 0.15 g (dry weight) of isopods ipgested
for atsingie day 6f feeding. This would'result in an ingested
dose of about 0.§4 ug aminocarb/fish. If assimilat;on effic-
iency was considered as 100%, this would correspond to a
tissue lcad of 0.l1l1 ug aminocarb/gq fish after one day. This
level of fish contamination would cauBe no toxic effects

since 4 days exposure of brown bullhead to 0.1 hg/L produced

a mean tissue load of 0.32 ug/g fish and no noticible toxic

effect. _ =

A\

Of course 100% assimilation will not occur, nor will
all the detected residues be amindca;b because of the rabid
- metabolism of carbamates. ‘However, the potéhtial exists for
the metabolic alteration of aminocarb within the isopod to
compounds more toxic than the parent chemical. Basic var- -
iations of the metabolic pathways fqr carbamates between.
Vvertebrates and invertebrates could fesult ip‘production of
Signiéicant_quantities of 4fmethylamino-3-methylphenyl N-
methylcarbamate (MAM) and 4-amino-3-methylphenyl N-methyl-

-
carbamate (AM) in invertebrates, both of which are about 10

‘
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times more toxlc than amlnocarb (Kuhr and Dorough, 1976).

In order, then, to estxmate the overall 1mpac; of consumpt;on

of amlnocarb—contamlnated isopods on the brown bullhead we ‘.

must consider the anounts of the varlous~tox1c metabolites
within the isopod and the byllhead's assim:latlon eff1c1ency
fpr those toxic components. Using as a381m11at10n efflclency
for aminocarb, MAM. and AM of 10.5% 1n the brown bulIt&ad
(calculat from the data of Xorn (1973) for aSSlmllathn of

carbaryl by the channel catfish (Ictalurus punctatus)), and

dssuming an average proportiqe,of the detectable residues

- within thé isopod as aminocarb of 0.17 (10.06), MAM of 0.83

(*0.06), and AM of 0.007 (*0.005) (as found by Sundaram and

" Szeto (1979)’£n tﬁé crayfish}, ‘then the levels of these 3
- N Y

toxic compounds wit?ln the tissues of the bullhead after
consumption of contamiﬁated isopods can be calculated as
0.002 ug amlnocarb/g fish, 0.009 uggzMAM/g leh and 0. 0001
ug AM/g fish.. Allowing for the "ten fold lncrease 1n toxlclty
of MAM and AM over Yminocarb, then the total tlssue burden
of toxic compounds,in“aminqcarb equivalentsf, woula be
0.093 ug/g fish. Again it is observed that this is well
below a level gufficient to cause appreciable toxic response
in this fish species. ‘

In any case, ingé;ted éérqugte pesticides under96
considerable first-pass-metabolism since bléod flow from the

intestinal region enters the liver where ﬁost.metabolism of

carbamates occurs ih vertebrates I;hhg,and Dorough, 1976).

s e P i e 7R TR
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nguxe 15 shows’ the levels of aminocarb and MAM found in
the brown bullhead during exposure via water tp 9.0 mg.
'aminoéarh/L. Since absorption in this case would be'prima;il}
through the gills and skin} first-pass:metabolisﬁ would not
Ioccﬁr. It is likely then that consumption of 1sopods exposed
at a glven level of amlnocarb would result in a fish tissue .
load of toxic components 1ess than that caused by exposu{e
. of this fish to aminocarb in weterw |

Therefore, environmental %gposure'of éhe isopod, C.r.

racovitzai, to aminocarb following application of formulated

"Matacil would cause no appreciable acute toxic response and,
>once exposed, this species of isopod would constitute. no .
threat to brown bullhead as?a dietary source of aminocarb.
4.2 Brown Bullhead
4. 2 1 Acute Tox1c1ty
From the data collected, exposure: of brown bullhead to
aminocarb at expected environmental levels (approx;mately
19 ug/L} would appear to poseé no ;cute toxic threat to thls
species, The relatively ‘high 96 hour LC50 estlmated for this
species is not surprising’ since studies Py Macek and McAllister
(1970) showed that the catfish %fmlly, as a whole, is less
susceptable than other fish families to acute toxicity by

Zectran and Carbaryl. Also, Murphy et al. (1968) showed the

black bullhead (Ictalurus melas) to be extremely tolerant of

cholinesterase inhibition which is the piimary mode of actipn‘
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of amlnocarb (Kuhr and -Porough, 1976).

Due to- var;ations between metaholic pathuays in vert— |
ebrates and invertqbrates, vertehrates will, 1n general. be -
less susceptible to acute toxicity by amlnpca:b. However,
.variations in susceptibility bhetween spééieéé genera, families,
etc. will affect the overall distribution of toxic response,
as demonstrated by ﬁacek and,HcAliister (1970). Salmonids
appear gelgtively sensitive .to aminoéarb {Penney, 1971;
Woodward and Mauck, 1980) and Matacil sprayng can résult
in stgnificant acute toxié respohse in this group of fish,
aslobﬁerved.in ;rial'spraying operations in -Maine b?
Mafancik in 1975 (Holmes and Kingsbu;y,'l980).

Responsés‘following pesticide spraying must be'pénr
sidered in terms of the entire formulation and not “just the
active ingredient, Data cohtained in Holmes ahd.Kingéhury
(1980) shows that fish are more susceptlble to formulated .
Matac11 than to amlnocarb alone. For the channel catflsh,

formulated-Matacil was 43 t;mes more tOch than aminocarb.

. , This factortxnﬂdlEWE'great significance in the overall 1mpact N

of a peétifide on non;target organisms. lAssumlng a similar-
lrelationship for toxféity of Matacil in the brown.hu;lhepd,?
an increase iﬁ'toxtcity of 40 times'coulﬁ‘result'in some form
of acute toxic response by the species at environmentally '
significant levels. ' ,“"
The acute tOch response of spinal dlslocatlon in the

caudal reglon (' klnked' taxl) has also been observed 1n tad-

P |
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. _&‘poles exposed to acutely taxic concentrations of aminocarb

(Lyons.et,a}., 1976) and_.in various species of fish exposed

to other toxins (McCann a-nvaasper, 1972; couch et al., 1977; -

Buckler et al., 1981; Mehrle et al., 1981). It is attributed -

to neural dlsorders caused by the toxxcant which result in

ﬁevere muscle contractlons (Couch et al., 1977 Mehrle et al.,

1981). Thls condltlon did not dxrectly affect survival of

brown bullhead under. teBt condltlons but the pOSBlblllty does

exist that such a-“¢ondition could 1nterfere'w1th prey capture. -

. .
would have to occur at environmental lgvels of 25 ug/L or

or predator avoidance. To be egvigonmentally gignificant it“

less., ¢ Although only cbserved in test fish exposed as low as

1.0 mg aminocarb/L, if this form of toxic response was in- .

.

~creased~by a factor of 40 in the -presence of formulatlon
addltlves, fprmuIated Matac11 could pcsﬁﬁyly cause a 'klnked' >

. //’ - tail at ‘levels corresponding to 25 ug/L. Furthcr lnvestlgar

tions of the effects of fOfmulafed Matacil on this response -
“ - ”

/

in this and other species of‘fish‘should be conducted.

°r

4.2.2 'Uptake and Clearancé

As observed by Korn-(1973), for the clearance‘ carbaryl
by chaanel catflsh, the bullhead clears am1nocarb rapldly

excepp‘for a small persistent load. Since gas chromatography

showed that aminbcarb'aha-primary toxic metabolites are elim-.

1‘ -

inated within 2 days pcst-exposure, and considering the normal.

metabolié¢ fate of carbamates in vertebrates, it is likely

2
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© that this persistent residue represents a;jnmolh:netd&ﬂite‘tﬁch has _

been incorporated into‘ceiiuigrfcomponents; 'Since the carb- .
amate moiety has been removed from the‘moiecuie, the primary
tOXlC actlon would be ellmlnated and the resxdue likely offers

no’ danger to the flSh or to organlsms whlch mlght consume it.

L 51nce env1ronmenta1 leuelsiof amlnocarb can per51st at
relatively 51gn1f1capt leye}s-for approxlmately 4 days and
aminocarb ahd its primarj’toxic metabollte (MAM) may persist ,
in - the tlssues of brown bullhead up to 2 days post-exposure
1t wodid be benefrgxax to ban fishing in treated areas for
at least 6 days- following Matacil appllcatlon.' Although the
application of tﬁe maximum eeasonal quantity of aminocarb - '
(175 g/hectare) would not 1ikeiy resu}t in sufficient contam-~ -

_ination of tissues to cause problems for persons consuming

fish caught in thls period accidental spillage or over-sprayiﬂg

to the amounts uaed in Ma1ne in 1975, whlch causedthe acute

.

\\esponse in fish reported by Marancik {Holmes and Klngsbury,

-1980), could p0551b1y result 1n acute symptomology in persons

b

consumlng exposed flsh -
From an evaluation of the various data collected it

appears that the compartmentalization‘occurring during ‘the

4
-~

investigation of kinetics may distinguish'between the‘parent

compound and its metabolites.: At least two compartments are

,obvious durlng clearance of re51dues by the fish' (Flgure 8).

@he.presence of more than one compartment during uptake is

also apparent (Figure 7) although insufficient data was col- .

lected within the first-24 hours of exposure to mathematically

..define the fast uptake compartment. During clearance; levels

P
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of aminoc;rb were ﬁbthd tectablé-beyqnd 632'1 of clgerange.
Similarly, clearance from the fast coméértmgnt (Figure B)'was“.
nearly complete by day 1_‘of t:?learance- and beyond- day' 2 this 6" -
compartment pid.not‘conﬁribute significantly to overall tissue
lévels of éesiddes. . ’ ' | '

) ind .

Clearance of residues fr;;>the tissues most commonly
associated with metablolism of carbamates {(liver, kidney.
stomach/intseiiné‘- Figuge 13) was very rapid with more than
90% of the residueé,détected during pésticide exposure being

released within 2. days post-exposure. (;ifo, no residues were

o ~
detectable in the liver or stomach/intestihE\?fter 4 days post-

Y

[

exposure and no residﬁeé were detectable ffom\the kidﬁey during
the entire clearance period, indicating very rapid dlearancé
from Fhis tissue. Clearance f;gm the less metabolically ackive
tissﬁés.(skeletal‘muscle,'bone, gkin - Figure 12) showed a
" . )

persistent residue but this was not identifiable as aminocarb
{Table 7). The decréase in aminocarb levels within the first
24 hours .of cléarance was 99.6% (Table 7) which corresponds
" with the amount of residue c;earanqe;dﬁch occurred” from the
fastfclearing compartment and also Qith the amount of residue
'clearanqe fof the liver, kiéney‘and stomach/intestinq.

Uptake of aminocarb is relatively répid. The pesticide
tissue levé;.reaches steady-séate as uptake from water reaches
equiiibrium with metabolism of the compound:. ?roduction of
thé met;bolic residués is represented by the slow‘uptake com—
partment which would reach steady—séate when residue production

. _equals residue elimination. Once exposure to aminocarb ends,
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» “clearance .of the parent comégund would. be rapid, reflecting the
rate of metabolism of this compound. ' Clearance of the metabolic
res:.dues would appear slow because remainihg traces of aminocarb
would be converted to metabolites, producing a prologation of

metabolite levels. This relationship is apparent from Téble 7
where, in the first day of clearance, aﬁinocarb levels dropped
by more than 99% but MAM levels droppéd by only 43.6%, the

e

metabolism of ﬂAM compenséted bﬁ the_éroduction of MAM from
aminocarb..‘ | ‘ ‘

Metabolism of aminocarb can go through various hydrolytic and oxidative
. pathways eventualiy leading to conjugation,anq_release,of the phenolic
portion of the moleculé through urine and faeces. The conjﬁgation and
release in excreta would be slower than the prhmuy'denmdiying steps of
ﬁydrolysis and/or‘oxidaﬁive transformation, thereby prolonging clearance
of the final metabolites. |

Further research is needed to define kineticswithin the first 24 hours
of uptake and clearance, to identify and quantify metabolites in individual
tissues during uptake and clearance, and to devéloé and utilize methods
to identify and quantify metabolites which do not contain the carbsmic

acid moiety and which are not extractable by the method used herein.

4.3 Gas Chromatography
The extraction technique used here was quantitative,
relatively uncomplicated and required no specialized egquip-
» .

ment. The micro-filtering step used by Szeto and Sundaram

(1980) to remove coextractives was attempted and found
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unsuccessful at eliminating the interfering contaminant shown
. . ‘) .

in Figu;e.lﬁ. Therefore, this procedure was discarded for

o

the simplerﬂprocdbs:of hexane partitioning used by Sundaram

" and Szeto (1979). It was unnecassary to use centrifugation

‘of -separatory funnels to Sepérate phases, as done by Stanley -

and‘Delphia (1981), iﬁ'order to get.a quanéithtive recovery

-

of aminocarb or MAM but the use of such equipment would
likely increase the‘overall efficiency of recovery by reduc-
ing the_loss of residual solvents adhering to.the sides of:
glassware.

:Florisil clean-up Qas attempted on the final extract as
well as on the derivatized residue in an attempt to eliminabe
the interfering contaminant. The methods described by Lawrence
(1976) , Wong and Fisher (1975) and Hesselberg and Johnson
(1972) wgre-tried as well as modifications of these using
various solvents and combinatiohs of solvents but no effective
method was found. Identif%cation of this contaminant may
provide thé informatiﬁh required to enable separation of
this compéund from those of interest but such work was beyond
the scope and resources cof this study.

The problem of contaminant.interﬁerence'was also en-
countered by Sundaram et al. (19765. Théir procédure.pe;-
mitted a sensitivity for detection of aminocarb from a 10 g
sample of oply 0.5 ug/g fish. The procedure presented here
had a lower limit of detectability of 0.02 ug aminocarb/g

fish from a nominal 5 g sample and, by increasing the quant-

LS
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ity of fish used, could be reduced below 0.0l ug/g. MAM-was

~ only detectable to 0.3 ug/g using -approximately 5 g of tissue,

The derivatization procedure used was simple and required
no additionaf'heating,‘as used by Sundaram et al. (1976) and
Seiber (1972), or proionged reaction tiﬁe, as used by Wong
énd Eisﬁer‘(1975). There Qa; no.proglem encountered in terms
of moisture inhibiting the derivatization reaction, as imi

plied by Stanley and belphia {1981) . The.reagents were

stable for more than:.6 months provided that the containers

were kept tightly cldsed and the stability of the TMA solution .

was further enhanced by addition of anhydrous sodium sulphate
to the flask. LI ) |

The described procedure offers the’advaﬁtage of deriv-
ative stability on-column and enhanced sensitivity ﬁf detec-
tion due to the presence of 7 fluorine atoms in the derivatized
molecule. The derivatization precedure could also be used
with phenoliE metabolites of aminocarb (Seiber, 1972) p&ovidgd
a suitable extraction procedure was developed. These metab-
olites are formed by the removal of the carbamic acid moiety
resulting in the loss of a n;trogen atom from the molecule
(Kuhr andé Dorbugh, 1976). Flame-ionization gas Chromatography
depends significan%ly on the presence of nitrogen atoms for
detection and this results in a iowered sensitivity for these
metabolites when this methéd is used. Aiso, the extraction

and derivatization technique could be modified to assess

tissue contamination by aminocarb (and other carbamates) in

\\\\“ﬁ\"ﬂ 77.
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.combination with persistent contéyinahts such as organochlor-

= ine pesticides and PCB's which are alsc evaluated by electron-

capture gas chxomatogréphy.

L
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5.0 CONCLUSIONS o

Aminocarb levels normally occurring in the‘envirqnment
following_appiicétion of formulated Matacil wou{ﬁ not likely
be sufficient ﬁo cause any significant acute effect in the

isopod, C.r.racovitzai, or in the brown bullhead. Furthermore,

this isopod would not canstituteﬁg significant threat to the
brown bullhead in terms of a dietary source of aminocarb.

This is due to the rapid clearance of aminocarb by the isopod
combined with the rapid clearance and metabolism of aminocarb
by the brown bullﬁead. Although clearance of amiﬁocérb residues
is relatively rapidlin the brown bullhead, levels of amiﬁocarb
and thé toxic metabolite MAM reached 51.5% of the total accum-
ulated dose after 4 days of exposﬂre (Figure 15). It would
therefore be beneficial to prevent harvesting of this fish
species, and others, at least 6 days post-spray in order to
permit elimiggtion of aminocarb from the environment and to
permit elimination of ami;pcarb and toxic metabolites frqm
fish‘tissugs. Since significant acute regponée has been
observeé iq fish following applicationﬁof Matacil (Holmes

and Kingsbﬁ%y; 1980) it is conceivablelthat consumpfion of

such fish could occur and could lead to acute symptoms in

the persons-eating them.



Although environmental . levels of'aminocarb are low and
v .
far below those 1evels‘fouﬁd in this study to cauée.éguée :
toxic reséonse, £here'is sufficiept»evideﬁce that further
investigation of the fofmulated pesticide is neédéd to iden-
tify-anyApossible synergistic effect of the additives on
acute tokicity‘of aminocarb and uptake and clearance of ,'

pesticide residues in non~-target organisms. Also, the

additives should be studied individually to determine if
- 1

‘they constitute an envigonmental threat.

A

From the acute toxicity, uptake, c¢learance and metab- Q
5

olism data‘presented above for aminocarb, and that information

" available from other studies, any environmental perturbation

involving these organisms, and possibly others, reéultiqg‘from
Matacil application, would not likely be‘ﬁslely the result

of aminocarb levels. ﬁoﬁever, the formulation additives
nonylphenol and diluaﬁt 0il 585, either on their own or in -

conjuction with aﬁiﬁb rb, might cause some sublethal effects.

. This possibility should -eive further attention in light of

-

the extent to which Matacil £g\used in Canada.

It i;:apparent that the pHarmacokinetics of this pesticide, "’
in the brown bullhead, may be intricately associated with the
in vivo metabolism yhich occurs during and after exposure.
Further research is needed to identify all metabolites, tissue
distribution of those met;boliteé aﬁd how th;se factors inter-

play with pharmacokinetics.

The analytical technique employing chemical derivatization

-]
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and gas chromatographlc analysis presented herein was simple
and ;ayld. Further' research is needed to identify and ellm-
inate interfering contaminants, to ascertain the extgnt'of

tissue contamination with other metabolites of aminocarb and

to investigate its applicability to other organisms and other

carbamate pesticides. ) ‘ T
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