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anaphylactic reactions. They indicate that a sudden drop in anti- 
ferment is associated with the initiation of shock, and that a signifi- 
cant increase in antitryptic elenients occurs during reactions, so that 
the serum of surviving, antianaphylactic animals possesses an un- 
usually high antitryptic power. 
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Evaluation of Bactericides by Egg Injection Method with Special 
Reference to Development of Technic.* 

BERNARD WITLIS. (Introduced by LA. D. Welch. 
From t h e  Department of Bacteriologg imd Rygienc ,  Philaddphin College of 

Ph u r ni i. cy  n ?t d S c i m  ce. 

Tissue culture methods' have been used to measure the toxic action 
of bactericides through their influence 011 groups of cells in vitro. 
Such technics, however, do not properly involve the complexity of 
organ and tissue interrelation which exists in the intact animal, 
adult or embryonic. The avian embryo was chosen principally for 
these experiments because manipulation with the whole animal is 
afforded i12 vivo and because large aniounts of albuminous material 
with which the bactericidal agent might come in contact are present. 

GePzeraZ Method. Immediately preceding injection, fertilized eggs 
of known origin+ were candled to asstire vitality. The area on the 
shell opposite the embryo was treated with tincture of iodine and a 
small hole was drilled4 through the marked area to expose the 
,membiwnae putawzinis (the membrane lining the egg shell ) . Through- 
out the manipulation the egg was kept on its side with the marked 
area uppermost. Using sterile technic, dilutions of the antiseptic 
made with sterile distilled water were rapidly injected into the egg 
through a % inch, 27 gauge needle. The hole was then sealed with a 
drop of sterile paraffin at solidifying temperature. 

The eggs were incubated at 38.5-C in an oblique position, with 
* Preseatcd before the Pharmacy Subscction of the Xedical Division of the 

Xnierican Association for tlie Adv:in(~eiiicnt of Science, Pliiladelphia, Pennsylvania, 
December 38, 1940. 

1 Salle, A. J., and Lazarus, A. S., PRQC. SOC.  EXP. BIOL. BXD MED.. 1935 and 
1936,32, 465, 937: 1057, 1119, 1481; 33, 8, 393; 34, 371. 

t Blood-tested White Leghorns. 
j Dremel ' ' lrloto-Tool' ? Model S o .  1, using buxs Xo. 10T. Slanufactmrv3 It? 

the Dreiiicl Tool Compan-j-, R:tcine, M'isconsin. 



the blunt end up, turiied twice daily axid then examined for vitality 
hy cartdliiig ; confirniatioii of vitality was made by opening the egg.$ 

Employing 9-day-old embryos it was found 
that consistent results ~ e r c  obtained wheii the niedicanients were 
placed 011 the cliorio-allaiitoic iiienibraiie, whether this was acconi- 
plislied by the nietlio(1 ~i ( ;( )( )([l)astiire,2 or Ei-andly,3 or of Burnett:' 
011 the other liand. 110 t l e g r ~ ~  ( t t '  consistency was obtained when the 
iii jt-ctioii was niade into tht. alhuniinous material surrounding the 
en I hr y oil ic ti ssiies . 

The 
iiijci-tioii ~ d i i i i i e  u - a s  u-ith ,It t  intitience on the viability of 9-day-old 
ctiil)ryos ivlzeii voluin~.; 111) tc ) 2.0 cc o f  saline (0.85 % ), Tyrode's 
soiutioia. ethyl alcohol 705; 1 ,  01- F.1I.A. Iiroth" were injected onto 
the chorio-allaiitoic iiieiii1)r;tne. 

( .\ ) Increasing- the Dose by 
1-arying the Iyoltiiiie. .\ xq-ics o f  ~ ) -da~-o ld  fertilized eggs was 
injected I)!. \-ariotis 1 i i v t 1 i ( A 2 ~  : lvitli stock solutions of the bac- 
tcricidal agents and their colitrol?;. 211 the first series the volume was 
iiicreased froin 0.1 cc o f  the iiiedicanieiit to 2.0 cc hy 0.1 cc yuan- 
tities. prcliiniiiar>* fiii(liiigs \\.-ere obtained another series was 
rcin between the approxiniatc eiid-poiiits and the sensitivity narrowed 
down to 0.01 cc.  Reatlings I\,CI-C made after 24 hours' incubation at 
3S.S"C'. Results are sho~vii i i i  ~ a M e  I. 

(B)  Increasing tlic I )OW 1))- I-aryiiig the Concentration (Volume 
Cmstaiit 'I . l'arying ainouiits ( ) f  iiietiicanients were diluted to vol- 
uittes of 2.0 cc with ciistilled u-ater and injected into 9-day-old avian 
embryos. Results were ol)taiiied identical with those found when 
the dose was increased 1 ) ~ -  varying the volume. 

The bactericidal agents in ques- 
tion were tested 1)y the Fo( ~1 and 1)ru.g ,klniinistration Technic 

The dilutions o f  germicide capable of inhibitiiig the 
growth of .Stopliylocucci(s r~itrci~.? in 10 but not in S minutes were 
noted. - i l l  tubes ~ ' e r c  sulicultured to prevent bacteriostatic action 
by retiioving one standard loopfuls froni the transplant tube and 

Site of 112 jectimz. 

l)t-tt7riiiiiiiii.q t l i t -  1 - o l i i i J ! c -  c .up(iritji of nn Etitbqoiric Egg. 

Toxicitj~ of Rtrctcric.ititrl . !{jciit.s. 

Buk-tericitEni Eficiciicji 7-r7st.v. 

F.D.A. I ,' 

$ Vitality is evidenced during (3;indling b~ movement of t,he embryo and pulsa- 
\ \-ht>~t vitality is doubtful, eggs are opened and tion of vitelliiie arter? I , rnnc~ics .  

tlw embryo examined for he:trt-bc:it. 
2 Goodyasturc, $3. W., Soiithtrr, X e i l .  J . ,  1933, 26) 418. 
:3 Brandlp, C. A., Veterinary Xed. ,  1940, 3!3, 98. 
4 Burriett, F. M., H. 34. Stationery Oflice Special Report-Series 230 Universal 

.i 1'. S. Food and Drug -~~liiiiiiisti.ntion Riillctiii No. 198, 1931. 
Ikcirnal  Classification Number 576, SO!)! 429 :611,013,3/6. 
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TABLE I. 
Relative Toxicity of Bactericides t o  9-daS-old Chick-embryos. 

S. atireus tual chick R. 
Dilution killing A. g-day h 

-- - K  

but not in 5 bactericide MILD cc bactericide Toxicity 
in 10  c o w .  of embryo g r a n ~  of 13 

Bactericide min. 3 i " C  g/ce stock soln. per MLD index 

Phenol 1:20 aqueous 
Hexylresorcinol 1 : 1000 30% 

glycerinc aqueous solution 
Mercuric bichloride U.S.P. 

1 : 1000 :iqueous 
9 mixture of ortho hydroq- 

phenyl mercuric chloride and 
5 isomeric amyl ortho cre- 
sols 1 : 1000 tincture 

Sodium hydroxymercuri-o- 
nitrophenolate 1 : 1000 
aqueous 

Sodium ethyl mercuri thio- 
salicylate 1 : 1000 tincture 

4-nitro-anhydro hydroxy mer- 
curi ortho cresol 1:200 tinc- 
ture 

Disodium dibrom-4-hydroxy 
mercuri fluorcsccin 1 : 50 
aqueous 

Iodine, Tincture 1J.S.P. X I  
(770 iodine) 

So h u m  h ypochlo r i t e solut ioii 
Mild silver protein A 

1:20 aqueous 
Mild silver protein B 
1:ZO aqueous 

1:85 

1 : 8,000 

1 : 1.6,000 

.01176 

.00012 

. o o oo A 

.12 

.I6 

.02 

.008 2.000 

.o 0 01 6 0.800 

. t )OO 0 2  3.125 

1 : 1.8,OOO 

1 : 1,100 

1 : 3,000 

.04 

.02 

1 : 1,100 .ooiin .014 

,080' .04 

.or314 0.11 

.00(,4 10.4 
1 : 0430 
1 :240 

.02 

.04 

1 : 100 .If 

.o: .f 1st e 0.366 1 : Y O  .011 
~~ 

*Stock solution mould not kill test organism under conditions of test. 

subculturing into another tube of 12.D.l-L broth." The results are 
shown in Tables I and 11. 

The effect of the age of the 
embryo was deterniined by injecting control fluids (2.0 cc) onto 
the chorio-allantoic membrane of 12-day-old embryos. In all cases 
embryos survived after 48 hours' incubation at 38.5 "C. Injecting 
onto the chorio-allantoic nienibrane by any of the 3 niethods.'? 3* 
was found to be satisfactory and reproducible results were obtained. 

The niininiuni lethal doses of the germicidal agents for the 12-day- 
old enihryos are recorded in Table 11. 

Toxicity 1de-t-  or Cocficient of ReZntive Toxicity.  comparison 
was made of the resistance of .Sta/&yZococcus aweus and of chick- 
embryos to germicidal agents. The bactericidal efficiencies of the 
germicides employed were deterniined by the Food and Drug ,cldniin- 
istration technic.5 The highest dilution killing the test organism 
in 10, but not in 5 minutes, at 3f 'C after subculturing, was accepted 

Varying the Age  of thc E112Sr~o. 
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TABLE 11. 
Relative Toxicity of Bactericides to 18-day-old Chick-embryos. 

A. 
BC tURl 
conc. of 

1~ tericide 
g/cc 

12-day 
chick B. 

embryo grams of 
MLD cc bactericide 

stock soh .  per MLD 

A -- -I( 
B 
Toxicity 

index 

.Oll7(i  

.00012 

. uooo ti 

.ill0 

.Oil 

.- 7 .01 

.25 .00025 

.1 .0001 

.I .0001 

.1 .0001 

.1 .0001 

.02 .0001 

.3 .006 

.05 do35 

.3 .003 

>‘).O” > O . l ”  

1.1764 

0.5 

0.625 

0.55 

9.1 

3.3 

9.1 

13.3 

0.0445 
1.3886 

<0.1 

< O . l  

= So end point with solution uscd. > z (freater th:in. 
< rz rJebss th;lTl. 

as the dilution of tlie clieiiiical required to kill Staphylococcus aureus. 
The actual amount of gerinicidal agent present iii each cubic centi- 
meter o f  the highest dilution lethal to the test organism under these 
conditions was calculated. 

The minimum lctlial cl( w ( 1I.L.D.) of the gerniicidal agents 
to the embryo of the chick ivas determined by averaging the results 
of 3 tests and the actual anioutit of the germicidal agent present in 
the minimum lethal dose o f  the bactericide was calculated. 

A tiumber known as tlic “Toxicity Index” was then determined. 
It may be defined as the ratio o f  the actual amount of the germicidal 
agent contained in each cnhic centimeter of the highest dilution re- 
quired to kill 3‘fflpCzyZocclrcus C I L ~ Y C Z L S  in 10, but not in 5 minutes, 
at 37‘C‘, to  the actual amount o f  the germicidal agent required to 
kill a chick-etnbrq-o within 24 hours. Theoretically, the smaller the 
toxicity index tlie more practical the germicide. 
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Actual amount of germicidal agent in one cubic centimeter of the 
highest dilution killing StaphyZococcus aureus in 10, but not i n  5 

Tosicitv = I minutes a t  37°C 

1 Minimal amount of germicidal agent killing the avian-embryo 
within 24 hours. 

Discwssiovc. The experiments described include an evaluation of 
toxicity for the chick-embryo with one application of the antiseptic in 
question. This of course has a valid criticism in looking at the 
problem from a practical standpoint. In attempting to select an 
antiseptic on a basis of bactericidal action and relative freedom from 
tissue toxicity, one must take into consideration either frequent 
administration of the antiseptic or long continued contact such as is 
encountered in wet-dressings, irrigations, etc. For this reason both 
the bactericidal efficiency tests and the embryonic tissue toxicity 
studies may be considered as acute tests; in addition, tests of a 
cliroiiic nature would be desirable. The results of such studies 
might alter the evaluation of the antiseptics studied in this report, 
particularly with reference to the heavy metals and to the halogens. 

1. A comparison of various methods for the injection 
of fertilized and incubated avian eggs has been conducted. The 
results were similar in all instances wherein the injection was made 
upon the chorio-allantoic membrane, regardless of the method used 
to approach the tissue membrane. 2. It was found that large quan- 
tities of distilled water, physiological saline, Tyrode’s solution and 
F.D..-I. broth could be injected into the egg without affecting the 
embryo’s vitality. Eggs were shown to be capable of sustaining 
irijections of at least 2 cc with maintenance of vitality during at least 
48 hours’ incubation at 38.5”C following injection. 3. Minimum 
lethal doses for the avian-enibryo were established for the bactericidal 
agents under test, employing 9- and 12-day-old chick-embryos. The 
older embryos displayed higher resistance to the toxic substances 
than did those of 9 days age. 4. Bactericidal efficiencies of the bac- 
tericides under test were conducted by the Food and Drug Adminis- 
tration technic, against Staphylococcus aurezis. In addition, all dilu- 
tions of the bactericidal agents were subcultured into another test 
tube of F.D.A. broth to test for bacteriostasis. 5 .  A number known 
as the “Toxicity Index” was determined from a comparison of the 
bactericidal efficiency against Staphylococczcs aureus, with the tox- 
icity of the bactericide for chick-embryos. 

Sututunry. 


