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The increasingly laree number of food additive chemicals introduced
into the market each year has necessitated the development of rapid and
reliable methads for the evaluation of their toxicity. Toxicologic studies
of all these chemicals by the usual methods using animals are very diffi-
cult, and such studies sometimes give inconclusive results. )

The toxicity of some chemicals, and especially of food additives, may
be determined by injection of the chemical into the yolk sac of fertile egys
prior to incubation and subsequent observation of the effects of the chem-
ical on the embryunic development of the chick, This appears to be a
promising method in that it may be carried out much more economically
e terms of money and space than would be possible with larger aninials,
Hundreds of chicken embryos may be observed in a minimum af space,
and over a comparatively short period of time. The feasibility of using
such large numbers is valuable also in the statistical evaluation of toxicity
data.

A review of the literature shows how little wark has been done in this
field except in a fragmentary way on isolated cases. Mast of the reports
refer to injections of chemicals made after the fourth or eighth dav of
incubation and examination of the embryos killed hefore they h:ntch..

The earliest work that we have found in the literature was hy Féré
t1893). During ten years after this date he published about sixty-seven
papers; a review article (Féré, 1899) contains a summary of many of his
studies. His work consisted mainly of injection before incubation, but the
eagrs were usually opened on the thivd day of incubation, 11is interest was
mainly in the teratogenic cffect of chemicals,
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Since 1900 other articles have appeared in the literature, but most af
them concern the effects of one or two chemicals on small number of
embryos, One of the most informative papers is that of Ridgway and
Karnofsky (1032) in which they report experiments on componds con-
faining hfty-fve of the elements, mainly the metallic ones, generally in-
jected at either the fourth ar cighth day af embryonic development to
study toxicity and teratogenic effects. Tamburger and Hamilton (1951)
have deseribed an elegant method for determining the stages of develop-
ment of the chick embrya. More recent investigations employing the chick
embivo to study the toxicity of various chemicals have been reported by
Kemper (1962), Matt of al. (1962), and Goerttler (1962). Vinally, the
classic books of Romanoff and Romanoff (1949) and Romanoff (1960)
contain a wealth of information on the avian embryo. .

Preliminary reports of this investization have heen presented by Marliac
(1962) and McLaughlin and Mutchler (1962).

EXPERIMENTAL

The fertility and hatchability of eggs and the Jivability of chicks are
dependent an a complex interrelationship of ecological factars, among which
are the genctic background and the age of the mated birds, the nutri-
tional status and general management of the flock, and seasonal variations.
In view of this the initial phase of our work, which started in 1959, was
devoted to a study of the hatchability of our supply of White Leghorn
eges! under conditions existing i our laboratories. The data accumulated

“~during two vears for control eggs showed that the hatchability of these
egus was, in fact, consistent, reproducible, and very high. The possibility
of a seasonal variation occurring in responses to compounds introduced
inta the eggs was also examined by repeated testing of several chemicals
at all scasons of the year. No important variation was detected.

Selection of cggs. Eggs to be injected are first candled in order to dis-
card those that are defective and to outline with a pencil the exact location
of the air cell. In our laboratory 994 of 5000 eggs had to be discarded: 296
cracked, 477 with improperly caleified shells, 1.5% with a tremulous air
cell, 19 with the air cell in the wrong place, and 0.5% with blood clots.
After the elimination of such defective ceggs, the hatch of control eggs
averages 954, A further restriction is based on the weight of the egus:
all those weighing less than 52 ¢ or more than 63 ¢ are rejected. After

1 Truslow Epes, Chestertown, Maryiand.
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candling, the eggs are randomized in order to avoid series of infertile eggs
in any one experiment.

The initial experiment with a given chemical is for range-finding and is
performed at two or more concentrations of the chemical with 10 eggs per
level, On the basis of this information, 20 or more egus are injected with
the appropriate amount af the chemical.

1M the chemical proves to be nontoxic, the experiment is repeated swith
the minimum number of eggs that will give a reliable and reproducible
value for the hatchability. In the case of a toxic chemical, additional eggs
are injected to determine the specific effects of the chemical. The total
nimber of eggs used for a chemical depends upon the data obtained initially
and upon the kind of information desired. Hence, data for some chemicals
are hased on less than one hundred eggs, whereas data for others are based
on ceveral hundred eggs.,

Technique of injection. The injections of pure chemicals, chemical solu-
tions, or suspensions are made at volumes up to 0,10 ml, When necessary,
dilutions are made with sofvents such as water, propylene glycol. corn oil,
peanut oil, or other nontoxic solvents,

In order to avoid contamination, the injections arve carried out in an
Isolator Box® with a sterile atmosphere created by using formaldcehyde
vapors (produced by mixing 2 g of potassium permanganate and 50 ml
of 370 formalin). During the period of a yvear, more than fifteen hundred
noninjected eggs were exposed to formaldehyde vapors: no toxic effect was
noticed, After exposure to these vapors for 30 minutes, the epzs are ready
for injection.

The larae end of the egg is wiped with a sterile gauze pad moistened
with a 709 alcohol solution. and a hole is drilled in the shell in the center
of the surface aver the air celt (Fig. 1), Care must he taken not to damage
the shell membrane with the point of the drill?; this is to avoeid, if possible,
contact of the air with the egg membrane. Fine particles of shell are re-
moved with an aspirator to prevent the needle fromv carrying them into
the volk,

Immediately before the injection, cach egg is shaken with a quick twist
of the wrist, Since the germinal disc occagionally sticks to the aiv cell and
it is possible to damage it with the needle, this movement will allow the
disc to float free in the egg,

2 Kewiaunee Scientific Company. Adrian, Michiean.
4 Burgess Vibroceafters Inc., Gravslake, Hlingis,
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“The needle (hypodermic, 1 inch long, either no. 22 or no. 27, depending
on the viscosity of the liquid to be injected) is inserted horizontally through
the air cell into the volk (Fig. 1). Care must be taken in withdrawing the
needle to avoid damaging the vitelline membrane since such damage could
cause the yolk to spread out in the albumen. 11 the end of the needle has
some yolk- on it, the injection is not sulisfnc(ory,"l‘lw needle should be
wiped with a sterile gauze pad between eich injcc(mn.' As soon as l]w epg
has heen injected, the hole in the shell is covered with a small picce of
Scotch tape, care heing taken not to cover the entire air cell.

GERMINAL DISC

ALBUMEN VITELLINE MEMBRANE

CHALAZA
SHELL MEMBRANE

EGG
MEMBRANE\ ;
SRR ¢ creeseafecssaee \’)““_
7 YOLK
AIR CELL .

Fre. 1. Diagram of egg and position for injection.

Incubation and hatching. The injected eggs are put into the inculmltor
travs with the large end up: the trays are placed in the incuhator.* which
automatically rotates hourly and is maintained at an optimum temperature
of 38°C :m(I'n relative humidity of 60¢¢. The epgs are candled on the filth
dav of incubation and every day thereafter. Clear egas and dead embryos
¢ camination. On the seventeenth day of incubation the
and kept at a temperature of

are removed for e
fertile eggs ave transferred to the hatcher?
37°C until they hatch.
FVALUATION OF DATA
The injection of the chemical into the egg may ])ruducv'(){w of four
possible results: (1) the chemieal is highly toxic at the level injected, and

U ITamidaire Incubator Co. New Madison, Ohio: model no. 80, capicity 450 egus.
3 Rrowee Manufacturing Co., Quiney, 1linois.
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all the embryos are killed during the first 20 hours of incubation (hefore
the two-somite stage); (2) the chemical is toxic but allows a number of
embryos to develop only up to a certain point, and some possibly even to
hateh: (3) the chemical has litte effect on the hatch and (4) the chem-
ical has no eficct on the hatch or on the posthatch development of the chick
("no effect” level),

1 the chemical appears to be highly toxic and alt the embryos are killed,
the experiment is repeated with smaller doses of the chemical until some
hatch is obtained. 11 the chemical is toxic, but allows the embryos to de-
velop for i longer period of time, dead embryos are examined pathologically
and the chicks that do hateh are examined for eve damage, color of the
feathers, weight, length of the legs, form of the beak and of the rump,
hematologic chinges, and condition of the internal organs (liver, kidneys,
heart, gall bladder, and spleeny,

T is advisable in all cases to observe the chicks for a period of a few
weeks in order to detect any delayed effects, Since as much as 3077 of the
volk remains at the time of hatching and ‘is absorhed during the first 7
dayvs thereafter, effects of a toxic chemical may first he observed at this
time. There may be weight retardation, death during the first week, or the
appearance of nerve damage occurring as late as 2-6 weeks after hatching,

The toxicity of a chemical is evaluated mainly from the percentage
of hatch at varving dosages of the chemical as compared to noninjected
(control) cges, from a study of the embryonic development of the eggs
that fail o haich, and from a study of te appearance and development
of the chicks that do hatch. However, several other factors must also be
congidered in this eviduation: these are gpecific gravity, solubility, coagulat-
ing eficet. pHL and the jonic concentratian of the chemical tested.

I the chemical has a high specitic gravity, there is the possibility of its
settling aut in the hottom of the egg and thereby giving a value of ap-
parently low foxicity,

The salubility is quite important since the availability of the cliemical
for utilization in the chick embryo is partially dependent on its solubility
in the egg. However, since egg volk ix an emulsion, salulsility problems are
somewhit minimized. In the case of insoluble chemicals that are injected
as sugpensions, it is also necessary to consider particle size in the evaluation
of toxicity data,

Tn order o have a toxic effect, the chemical must come in contiact with
the embryo cither divectly or indivectly through the hloodstream. Chemicals
such as the lower aliphatic alcohuls have a coagulating efiect on the pro-
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tein, and this coagulation may decrease the availability of the chemical as
well as some votk nutrients, and thereby alter the response of the embryo,

16 the pH is highly acidic 'or basic, a pH effect (liffcring from ﬂ.\c {rue
{oxic effect of the chemical may be obtained due to interference with the
normal acid-base equilibrium in the eag. .

The ionic concentration is also important for a similar reason. The f’l"
cervittion of inereasing toxicity with increasing concentration of :1'chcmlc:|l
<hould he interpreted cautiously, since highly cuncol.ﬂr-n(c(l snl.utmns may
upset the physical equilibrium of the volk by causing osmotic cffcc(s.‘

Finally, the introduction of a chemical into the yolk may cause a spvcx.nl
type of toxicity because it destroys, alters, or combines with essential
nutrients such as vitamins and minerals.

EXPERIMENTAL DATA

Twenty-live thousand eggs have heen used in our lahoratory during
the past three years to test more than 100 chemicals with the following

TABLE 1
Noxtoxie CHEMICALS

Solution injected

Quantity Per cont

Chemical Concentration (ml) h:liﬂ\__
o - >
Water (hoiled) — QAQ‘: 0
Prapylene glyeol Undiluted 0.03 ‘ 5
“Tarn oil o Undituled 0.08°" 90
Peanut oil Undiluted 0.0% 90
i : 90
Sodium chloride 0.956 in walc 0.0f o

2,074 in waler 0.03 7

5.05¢ in waler 0.10 .20
) 10.0%¢ in waler 0.07 20
Dextrose 3.0%r in waler 0.03 90

results: (1) nontosic chemicals injected at an nppropriuto le.vc] :tHn.wed
the embryvo to develop and to hatch as did the controls: (2) toxic chemicals
pr(uluca(l' effects at dose levels which may be compared to th'()so pm('luc-
ing effects in feeding experiments using animals: and (3) this technicuie
often provided toxicologic information which had not heen shown by con-
ventianal methods,

Fable 1 lists the results obtained with some chemicals in common use
in foad and shows the dosages used and the pereentages of hatched chicks.
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Vv s E . & g E o These data, supplemented by an examination of the nonviable eggs and an

K £ r_f g g‘é = ”g Kl ’rf .'mtf)ps_v (){ the chicks that hatched, have not indicated any hazard f‘rom

. EL Ts o, gg gf " 2 '; £ their use in fm)r]: Il()wc\:er. it must l)(j pointed out that any ('?h(‘mlCilI,

p i ,f 2z § £ g o gﬁ g gé‘- :1.(.|dc(l at a sufficiently high mncon'lr:llmn,. may h:lY(‘ some toxic cffec.t.

5| E ii 5% 28 ;’—; i T & Since our data and those reported in the literature indicated F?!fc‘}f, this

3 e E» Z 5 é‘ 580 « £F phase (.)f the study was not carried heyvond a prcliminnr'y examination to

5 g 2 g v £ £ % 5 & ’é :;.' 3 z ;*—E ascertain thut'nnnt()’.\;lc':l,\»" also was sh(;m'n for these chcmlc:fls l)r\" the chick

£ e ¢E e é £5E oy 30 £ EE embryo tvvhmr‘mc. This is of theorcetical as well as prnctrcul' importance

| g3 = g Eg . ‘E £3 "‘: g é g ;E < for the evitluation of any new technique to be used in toxicologic studies.

<3 g €S gETesE 1 ITE Table 2 lists our results with several chemicals which have been shown

= z° SE 5T E E £ £¢ to be highly toxic to animals, Tn cach case there is not only the low per-

o7 centage of hatch at a low level of the chemical tested, but there are also

7 congenital abnormalities and other responses that raised extremely serious
< E questions as to the safety to the consumers of any food contaminated with

é gé e ge og A=) Q2 ©g99 o om these chemicals, ] ] . A

= B~ Lead acetate resulted in no hatch at a level of 1 mg per egg. Autopsy
5 of the dead embryos showedd extengive brain damage, as has been reported

Né‘ . hy de Franciscis and Bocalatte (1962) and by Karnofsky and Ridgway

N (1952), ‘

Z o g E|ISS § § é g § g’ é 553 5 37 4 Mercuric chloride showed no hatch even at a level of 0.5 mg per egg.

& ; T ceee Thiourea is a known carcinogen with a basic effect on the thyroid gland.
f;“ ;Z The hatch time was delayved with increasing amounts of this chemical. At
-z alevel of 5 mg per egg no chicks hatched and the embryo required 35 days ]
‘g .§‘ HET s s 3 . \ Ho. (lc\-clf)p to the stage normally attained at 20 days. .A»t 2.5 mg per egg
iz FiFEE EE IE L _ £ £3z some chicks hatehed, but most of them had to be helped out of the shell.
~ flse e££ £o& z & c 2ZZT LI This effect hag been reported also by Yushok (1950).

gl w2 OE W e B 22 Cavanagh (1954) reported that triorthocresyl phosphate (TOCP), a
E S = = :”.,':; é __E, 5 E well-known plasticizer for nonfood use, causes paralysis when fed to adult
chickens, We observed this paralysis in some chicks which hatched from
egus injected with 10 me of the undiluted chemical,
§ - The compound p,p’~diaminodiphenylmethane has heen reported hy Zyl-
2 = ) berszac (1931) to cause cirrhosis of the liver in rats. We found this chemi-
- ’ié if . »;f cal to be extremely teratogenic at a level of 5 mg per egg: more than 90%
2 ] £ g E £ of the chicks had a short mandible and leg damage consisting of a severe
E . :’Ej ..? fé: 2 E f hending of the tibia and a general shortening of the bones of the Jeg,
~ E < 'é' £ ,§ : ;”,: -E Sodium selenite proved to be highly toxic, At o level of 0.1 mg per egg,
'I g £ 2 £ § ; i T = no embryvos developed to more than the S-day stage,
El ?, 2 E 53 T = Dibutyl-tin-dilaurate showed no hateh at @ level of 10 me per cgg. The
= R = RO z )::- - majority of the embryos, which did not live more than 15 days at this
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Solution injected

antity

Percent

Qu

Remuarks

hatch

Chemical

()|

Concentration

0.03

0.01

Undiluted
Undiluted

Acctone

rncal
t pal-

ate, nerve and kidney dam-

At these levels:
opacity, cataract, ¢l

@

n-Butanel

) ¥

0.0

0.03*
0.04
003
0.10
0.03

0.10

k2
[}
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10

Undiluted

Curbon tetrachloride

R0

Undiluted

Dicthylene wlveol

.,
v,

Undiluted

Ethyl acetate

0.10
0.03
0.10

Undiluted

Ethyl alcohol

60

30
0,053
0.10
003

80

Undiluted

thylene ghveol

E

Undiluted

phthalate

Di-2-cthylhexyl

[Te)

~

17¢ in propyline glycol

Heptachlor

vy
Rl

0.10

0Q

.03

inwater

Undiluted

0

e 4

Ve,

=)
- O
c c

Short lezs; bleaching ¢f-

fect on chick down

60 }

N

Undiluted

Malathion

O v, O
~ e = cC
O C o o

a0

Undiluted

Methanol

Styviene
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level, had a short and ‘or flexed mandible: in addition, some cm'l)ryf)s
showed subcutancous edema.

Aroclor 1242 gave no hatch at a level of 23 mg per egg. At a level of
10 mg per cey, one chick hatched out of 20 injected eggs, but died 2 days
later. Some embryos, which were examined after they died, showed heak
deformities (often o short upper heak), edema, and growth retardation.

Table 3 lists preliminary data on the toxicity of some chemicals which
have been shown to be toxic in some degree to animals, and which may be
found in some processed foods, Included in this group are various solvents,
plasticizers, and insecticides. Some of the chemicals on this list require
further study, including observation of the chicks until they reach ma-
turity, hefore they may be classified as to low or high toxicity.

DISCUSSION

The injection of chemicals into the yolk of fertile eggs prior to incuba-
tion is & method which can be advantageously used as an element in the
evaluation of the safety of food additive chemicals and drugs, and which
could he used to screen new products and eventually to correlate their
toxicity with that of similar products already tested.

I{ one considers that a chemical injected into the yolk may be com-

pared ta a substance which has the power to cross the placental barrier, .

this technique, in addition {o being an embryonic feeding study, assumes
further importance in that it is also a reproduction study. The unfortunate
experiences recently suffered with chemicals that have teratogenic cffects
in humans, and the failure of conventional testing methods to produce
this effect in animals, emphasize the uraent necessity for new methods ol
analysis, Preliminary work that we have done in this area has given satis-
factory results (Verrett and MceLaughling 1963),

Since this represents a system in which the chemical is in direct contact
with the embryo throughout development. it is more than likely that any
toxic or teratogenic effects would be readily observed, Hawever, there is
always the possibility that the chicken will not be a species suseeptible to a
particular compound, just as it has been shown that the other commonly
used species of animals do not respond to all chemicals in a simitar manner.
It is also possible for the chicken to be more sensitive (o a chemical than
other species,

Finally, this technique may be applied also to the study of the syner-
gistic effects of chemicals. Results of experiments in onr laboratory on

. WATER_PCB-00054590
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the potentiation of a few pesticides have heen very encouraging (Marliac
and Muichler, 1063),
’ SUMMARY

An evaluation oi toxicity by injection of the chemical into the yolk sac af fertile
eaps prior lo incubation gave the fallowing results:

Water, propylene glyeol, corn oil. peanut oil, isotonic saline solution, and isolonic
clucose solution showed no foxicity or a very low arder of toxicily.

Mercuric chloride, lead acctite, selenium, triorthocresyl phosphate, p,p'-dinmino-
diphenylmethane, thiourea, Aroclor 1242, and  dibutyl-tin-dilrurate showed a high
order of toxicity and or teratogenic effects at certain levels,

Neetonte, methanol, ethanol, u-butanol, dicthylene glveol, ethylene glyeol, iso-
propanol, di-2-cthylbexyl phthatae, hydrochlorie acid. carbon  tetrachloride, ¢thyl
acetate, malathion, heptachlor, and stevene showed an intermediate order of toxicity,
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