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I. Historical Review of Methcds Used in 3valuating Germicides

Very soon after the germ theory of diszase had bLeen definitely sub-
stantiated, some efforts were made toward evaluating the action of germ-
icides on bacteria. These eariy methods were crude, anl they made no
atterpt at determinntions on a quentitative basis. As the science of
vactericlogy developed, a variety of methods for evaluating germicides
were introduced, all of which endeavored to evaluate the results on a
definite mathematical basis. These methods mey be classified into two
groups, the in vitro end in vivo methods.

A, In Vitro ilethods

The first 1n vitro method introduced was the phenol coefficient
method of Rideal-i=lier in 1202, (1) lbdificeations of this method were
developed by different workers, of which the cne by Shippen, (2) was
the most worthy of note. Ee combined the advantageous features of the

Kideal-Valizer and the Hygienic Laboratory methods. Later this method

became known as the Food and Drug Administration method, (3) vhich is
now official in the United States. The phenol coefficient cecmpares
the killing power of a germicide with that of phenol against a specific
organisn,

lany workers have used manometric methods for evaluating germicides,
which ueasures tée inhibition of the wetabolic activity of a bacterial
suspension by a zermicide. Iranham (4) modified some of these earlier
rethods, and placed them on a quantitative basis, uslng the inhibitien

of carbon dioxide production by yeasts as the criterion for germicidal

action. ZIly (5) studied the inhibition of the oxygen consumtion by
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varicue iruge unon Zechorichia coli., ZEronfenhrenner et al (&) no% only

aprlied the intidition of cyygzen conswnrtion o bacteria, tut aleo to

the fahibiticn of »Hrolifarstion of rmeugz liver celle, thue ayrlrin:
the menvometric method as o measurement of towicii; ns well, Fartler

vor's has Jone Ly Greis ond Hoo,cerheide (7) showing that the oxyren con-
sumptinn of actiwely _roving orgsnisme 1s nronertional to fhe becterinl
centant ~nd tret parniciies in bectericetatic concentrations inhibit

.

cell mwltinlication, but not rate of metavoliam,
welificetions cf in vitro methnle vere gradunlly introduced,

it wco2 goen renlizad thrt the methole A1l not dnplicnte tre notral con-

ions under viich the tect wne nzed. It vnee felt that cermicliles vwirieh

ware usel internelly or on :mcous sermbrores, could be tected more cccuretely

fo
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Q
O
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tisn of ‘isinfectonts on the ability of ticsuee to prolifarate,
notion witk the killin: actinn on Wnetsria.  Salle (9 continued the

vorl alen~ this line, develonine it into a rraocedure for detercinin: the

to prevent the . rowth of embryonic chicl-en lerrt tlsecue Miring U8 honurs
to the hishest dilution renuiredl to kill tiiz test organism ofter an exno-
sure of 1C minutes. Thearetically, the smeller the toxicit
zore nearly perfect the germicide, Ieter, Solle standardizel this pro-
cedure, (10) perforuin- it in the presesuce of organic matter,

In a further attemmt to simul=ste nractical conilitions, the ability

-

tc inhibit phezocrtic activity Ty -~eruicides, wee introduced by e,

(11) who correletel this wvitk the phenol coefficient performsd in the

presence of orgenic matter, and with the infraidernmal injecticn incarahle

of pretucing neecrosis 2t thie elte of inocd tinn., Welsh ani unter, (12,
1 Manter, 2



ard Velch and Brewer, (13) used the ratio of the hizhest dilution of
gernmicide irhibiting phazocrtosis, to the highest dilution germicidal
to the test organism, for determining the toxicity index.
B, In Vivo ilethods

Althourh the in vivo methods for testing germicides more readily
similate the actual conditions of use, not as rmuch work has been done
along this line es with the in vitro methods. This is protably dve to
the fact that a large number of aninels are required for the workz, thus
entailing exrense, and also to the fact that the conditions of an exper-
iment are more difficult to control. The first method develoned for the
Cetermination of toxicity of germicides by animal inocvlation was intro-
duced by Eole (1) in 1913, in an attenmt to require manufacturers to

use suitable poison labels on their nroducts, ard to create some stardgyd

v
cr

for designroting the toxicity of their productc. The toxicity coefficie
1s expressed as the ratio of the laast fatal dose of the germicide, to

the least fatal dose of 57 phenol, consilerins the latter as 1CCj effec-

Realizing that in yvitro tests vith germicides give no indication

vhat they 'ill accomplish in vivo, Birizhaug (15) studied the toxicity
anl histologic changes nroduced by netaphen, following intravenous in-

Jjection in rebbits. Combining both the in vitro and in vivo methnis,

Simmons (16) contaminated the skin of mice withk anthrax spores, applied
the germicidal soluticn, excised the ¢lrin, and thern inverted and inserted
it in the wound. “ultures wvere male from the local lesions ard beart
blood of the animals that died.

Tuncester and et (17) utilized the criterion of the preventi
of infection by skin disinfectants, rather than the treatient =fter in-

fection, as a basis for evaluating sizin disinfectants. The tails of



mice artificially infected and subsequently treated with various dilu-
tions of disinfectants were inserted in the neritoneal cavity. lortal-
ity vas interpreted as prevention of infection, and protection as evi-
dence of disinfection. .

With the original purpose of letermining wvhether the fertile egz:
could Dbe used as a neans of testing the inactivating effect of germi-
cides on viruses, Dunham (18) injected 7 day old chick embrvos with
geruicides, and noted the day of death. The mirlmmum lethal dosce in
grems per kilosram of boly welght which zilled more than half of the

wbryos, coimared very favorably with thie nininum lethal dose for nnn.
To test the actual theraveutic value of germicides in vivo, which would
measure tne toxicity for both the tissue ~»nd for the test orgenisnm si-
rmltaneously, Green and 3irkelsnd (19) infected the chorio-allantoic
membrane of chiclt exdryos, which were later subjected to various dilu-
tions of germicides. The extent of bocterial growth ia the surviving
erbryos deternined by the agar plate method, was consilered as indicative
of the desree of infection, and the lack of bacterial growth in the sur-
viving eubryos as indicative of the effectiveness of the germicide in
trectin: infectzd tissue.

II. Cbject of Study

Althou sy the procedure for evaluatin: germiciles by mesns of thre
phenol cozfficient (2] is still standard, the veriety of results obtnined
on the saue compound by different workers, the inability of this nethod
to test geridlcides chemically unrelated to the phenolicuvompounds, and to
test the zermicldes under actual conditions of use, show the inadequacy
of this method. Discatisfaction 1s evidenced by the many attermts to

introluce othsrprocedures for the testinz of gZermicidal commounis.



As most of the in vivo methods remuire a large nuuber of animels
and often speciel equipment, a study of one of these methods was not
undertalzen., Tie method presented by ‘elch and Funter (12} is definitely
en in yitro method, yet at the same time it invelves the use of a liv-
ing ticsue, blood, which plays a vital pmart in in vivo experiments with
wound disinfection. 'ith the use of blood, not only is organic matter
furnished, in the nresence of which 21l germiciles should be tested,
but also leucocytes, which are one of the imnortant defense mechanisms
of the body acalnst infection.

3ecanse this method could be reproduced in the average laboratory
with regard to techniques ani equipment, it was studled in an attempt
to determine its feasibility as a routine procedure. It wns also stulied
to ascertain the difficnlties that would be encountered in its perform-
ance, the modifications, if any, that could be suzgested, and also to
determine if results comparable to that of other workers could be obtaine?,

III, Zyperimentel

A, Constituents of the Test
Blood. ZFive ml. of blood was withdrawn asenticslly from the vein of
aprerently healthy individuals into a test tube containirg .8 ml. of
sterile 20 sodium citrate in .85 salt solution. After inverting the
tube seversl times to insure proper mixing, each 5 ml. of blood was di-
luted to 20 ml., with sterile .25% salt solution. Guinea pig dlood was
vithdravm aceptically from the heart without anaesthesia, and collected
in the same manner as the human blood. All blood was used within 3-5
hours after collection.

Or;aniem. F. Do A. strain No. 209 of Starhrlococcus aureus (a strain

of standard resistance) was used throuchiout the ex-eriment. 3efore use,

it was transferred daily for at leant 3 days, at 24 hour intervals.
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Culture medium. Due to the present unaveilability of some of the con-

stituents of the standard broth (2), the derydrated Zacto Disinfeciant
Test llzdivm of the D2ifco Laborztories was vsed. This medium consists of

the following ingredients:

Proteose neptone, Difco 1C grans
Zacto-beel extract 3
RBacto-lactose 5 M
Sodiwrn chloriie 2 "
Ascorbic acid 25 "
Distilled water 1,CC0 ml.

Final pH is 7, after sutoclavinz from 1%5-2C ninutes at 15 pounds
pressure. The medium was tub~d in 1C ml. omounts.

Antigen Sterhvlococcus enreus. F. D. A. strain Zo. 209) was grown in
s >N all (=)

XKolle flasks on standard nutrient ager of npH 7.2 for U8 hours at 37°C.
After smenrs vere nade from the growth in each flasz to insure the purity
of the growth, about 30 nl. of sterile .85 salt solution was adiled to
each flagk, and the growth wrshed off by a gentle rotary motion. The
washings were poolad, measured, and treated with an equal volume of a
fresh sterile sensitizing clienical compound, which had been dissolved

in .955 snlt solution. This treated suspension was incudated in an Ir-
le:.meyer flask at 37°C. for from 2-3 hours. The flask was shaken at 15
minute intervals to iasure thorouvgzh contact of the chemical with the
organisms.,

At the end of that time, the mixture wvos centrifugzed under aseptic
conditions, the sunernatant flvid decanted, and the bacterial sediment
was then suspended in sterile .85, salt solution, filterel throush sterile
cotton to remove any clwums, and diluted to give a final concentration

of 1 bs the Gates nephelometer.



Antisentics: Four germicides were used in the experiment.

Efiafion of Stock pH

Yane Solution | lamufacturer
Sodium orthophenylphenate| 13100 ifue°u3 scl-} 11,15 | Dow Chemical Co.
ution
Phemerol 1:1,000 aqueous 7.5 | Parke, Davis Co.
solution
Tincture of mercresin 1:1,0C0 acetone- 6.25 | Upjokn Co.

alcohol solution

Tincture of merthiolate | 131,000 acetone- 9.6 |Zli Lilly & Zo.
alcohol solution

Sodium orthophenylnhenate and phemerol wererrade up in distilled
veter from tle dry powder. The tinctures of mercresin and of merthio-
late were used in the concentrations in which they are sold in the open
market. The pH of all the disinfectants was determined by the Beckman
pH meter. The chemical composition of sodium orthophenylphenate is self-
evidert. Phemerol ie one of the quarternary ammonium compounds, tincture
of mercresin is composed of 2 mixture of .15 orthohydroxyl phenyl rer-
curic chloride end .l secondary amyl tricresols in an acetone-alcohol
vehicle of 10% acetore and 505 alcohol, and tincture of merthiolate is
2 1:1,0C0 dilution of sodium ethyl mercuri-thiosalicylate in an acetone-
alcohiol vehicle of 10i acetone ani 50 alcohol. All of the dilutions of
the germicides wers made in sterile .85 salt solution.

Stainin~ Solution. A 1 solution of methylene tlue in absolute alcohol

wes used for stalning the blood smears. A buffer soluticn with a pH of
7.2 was mede by mixing 50 ml. of m/5 KEzPO¢ and 35 ml. of m/5 NaCE, =nd
diluting to 200 ml. with distilled water.
B. Procedure
1. ilethod for Determination of Germlicidal Action

After preliminary diluticns of the germicides had been made in sterile



.855% salt solution to determine their germicidal range, dilutions were
made up in sterile .€55% salt solution in suchvariables es to insure an
accurate end point. Two-tenths of a ml. of each dilution was vipetted
into sterilec Kahn test tubes, and brought up to a temperature of 37°C

in a water bath. After the sterile blood had been collected and diluted,
each ml. was mixed with .5 ml. of a 22-26 hour broth culture of Stanhv-

lococcug aureus (strair Xo. 209) after it had been filtered throuzh a

sterile cotton filter to remove any clumps. The culture~blood mixture
was brought up to 37°C. in the water bath, and .3 ml. added aseptically
to each tube of diluted germicide. This male the firal concentration of
10% for the whole blood. The diluted germicide and the infected blood
were pipetted directly to the bottom of the tvbes to avoid contamination
of the walls, and to avoid loss by drying. ZFailure to observe these pre-
cmutions would introduce an error in the results.

At the same time, positive ani negative controls wvere set up, using
infected and non-infected blood with sterile .&5% salt soluticr instead
of the diluted germicide. After a 30 mimute incubation period at this
temr erature, with shaxing at 10 minute intervals to insure urniform con-
tact of the germicide with the blood, the tubes were removed from the
bath.

The tubes were again shaken to insure a uniform suspension and a U
mu. locrpful was removed from each tube, and transferrel to tubes contain-
inzs 10 ml. of the Jifco antiseptic broth. As phemerol and sodium ortho-
phenylphenate proved to be non-bacteriostatic in action, only this ini-
tial transfer was made. Kowever, with wercrecin and nerthiolate, a sec-
ond broth tubs was inoculated with four Y4 mm. loopfuls from the first

broth tube (after mixinz 3 times with a pipette) to counteract bacterio-



atatic effects. The tubes were incubated at 37°C, and observations of
growth mnde after 24 and U3 hours' incubation.

micidal action using human blood are presented in tables 1, 2, 3 =nd U,

The results of the ger-

while that with guinea piz blood is presented in tadbles 5, 6, 7 and 8.

A study of the results in table 9 indicates that the germicidal values

for human and guinea ris blood are entirely cormarable.

Table 1

Germicidal Action of Sodium Crtrophenylphenate

for Staphylococcus Aureus Using BHuman Blood

Growth After 48 Hours' Incubation
Series No. Final Dilutions of Antiseptic
2501375 |500 625|750 {875 |1000{1125[1250 1375|1500
1l - - - - T T + + + T+ T
2 S R T I B - - - - +
3 - - - + + + + + + + +
YRS N (U U U U R S [ R (O
5 - |-l ]=1!=1+% - ¥ + + +
6 - -t x|+ ]+ +] | | ] +
7 - ]l = ]=]=]* T + + . +
g - - - - - - T + + + +
9 - e )| = |=1+ - + + + +
10 -l -]~ =-]+]+ - - - T +
Averaze final germicidal dilution is 1:652,
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Table 5
Germicidel Action of Soiivm Crthophenylprencl for Staphy-

lococcus Aurevs Using Guines Pig 32lond

Growth After 1€ Foure! Incubation
Series lo. Final Dilutions of Antiseptic

250|375 [50¢|625|75C (875 [10CC |1125 {1250 (1375|1500
1 O P T - + + + +
) S R + + + - +
3 -l - =] |+ |+ ) + 1 + +
L - - =] - <1]= + + + + +
5 O I T I - + + + +
6 S R P R + + + + +
7 - - - - + + 4 + + + +
8 - - - - + | = + + + + +
Q - | - | - | = = - + - + -+ +
10 - || =] =] =1]= - + - - +

Average final germicidal dilntion is 1: 8CO.




-
-]lC-

*900Z T ) IUACTIVIIT TRPIOTUAL” ToUull afedaay
— - _ .
+ + + + + + + + + + + + + + Lxerucosg —
" + + - - - - - - - - - - - AremTs Ot
+ + + + + + + + + + - - - - LIopuoosg
+ - - - - - - - - - - - - - AXar g m
+ + + + + + + + + + + + + + mhriuood
+ " + - - - - - - - - - -+ < aeuTag 3
+ + + + + + + + + + + + + + Lavpuoosg !
+ + 4+ - - - - - - - o - - N Law .m nH
+ + + + + + + + + + + + + + Lrerwoosyg o
+ + + - + - - - - - - - o - QQ.4HR 7
+ + + + + + + + + + + + + + Axepuodeg -
+ + - + + - - - - - - - - - A eriag -
+ + + + + + + + + + + + + + Lrepuccog
+ + 4 + + + - - - - - - - - \.-.N <MeNQA. .ﬁ
+ + L + - + + + + + + + + - £4UTU02EG I
" + i + - - - — - - - - - - >$c_4n1 ~
+ + + + + + + + + -+ + + + + JIupunosg -
+ + + + + - - - - - - - - < Lroutag “
+ + + + + + + + + + + + + + AJETUO00T 1
+ + + + + + + + + + + - - - Lazuiiag
- o - r ~ o ~ Ve = ~—
05LG 0055|0585 [9207 054|005 | 05¢ |0001 [9GLE oohw_oumm 000%| 05Lc| 005C
-
e S1-c - U nvr Taery T L.
013 wes T4Uy SO SUCTINTY TeLTT SFuvius s satase
UOTFRANDUL (San0d 2x I23J¥ UIA2ID
TOoTg 2T voUITY -UIS) SNculy
STWOCC oL Ge38 L0F ©3BTOT{3I0% JO 2IN}OUTL JO UOTIOF TupIoTUISL

LA RS

8 °1q°

B




-17-

Table 9
Corparison of Germicidal Values

with Eumen and Guinea Pig 3lood

Gerricilde Puanen Blnod]Guinea Piz 31losd
Sodium orthophenylphemﬂh: 1:652 1:3C0
Fhemerol 1:53025 1:5675
Tincturs of merthiolate 1:20CC < 1:250C
Tincture of mercresin 1:4550 1:5300

Zxzamination of the tables oan gernlcidal action discloses that nelther
growthh nor killing action follows in consecutive order according to the
dilutions, bvt ie interspersed occasionally by irregularities. This may
be explaired in ths following manner (10).

It is Znown that the volume of a U4 mn. loop is .CC5 ml. "Let us assune
that the particular germicide we are investicating is that of phewmerol in
a 1/2,2CC dilution. In the germicidal test a= actually performed, this
glves a final dilutien of 1/5,5C0. If one loopful or .CO5 ml. of this
1/5,5CC dilution of phemerol were inoculated into 10 ml. of broth, the
final dilution of phemerol in the broth would be _%Q x 5,500 or 2 4ilu-
tion of 1/11,0C0,000. If a minority of organismsogegisted the 1/5,50C
d1lution of phemerol, their likelihood of survival in the broth would be
very great, ss the final concentration of pherercl wecull Te 30 dilute as
to be rcn~germiclial.

Let us consiler the fate of the bacteria in this particular dilution
of phemerol. Suppcse the nuzber of bacteria present in 1/10 ml. of broth

5
culture is 5 x 10, This diluted in the germicidal test would give a final

dilvtion of 1 x 10° organisms. If 997 of these or:anisms were killed by The
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:L resistant minority of 10° orzanisms would still e left. OCne loopful
would contain .CC5 x 1C2 or 5 bacteria per ml. As this number would te
added to 10 ml. of broth, the final dilution of organisms in the broth
would be .5 bacteria per ml.

According to the laws of chance, the possibility of transferring
tl:1s number of orzganisis each time a locpful was transferred, as well as
the possibility of such a reduced number growing in the bdbroth, is quite
rciaotes. Due to this factor in the critical killing dilutiorns of & germ~
icide, the appearance of irresgularities in the growth of consecutive di-
lutions can be reaiily explained. In those cases vhere a secondary transe
fer is made to overcowe dacteriostatic action, the liitelihood of trans-
ferring a few viable orzcnisms is still further reduced.

To insure the constancy of action of the staphylococcu:z ctrain that
wvas used, lts resistance to phexznol was deterzined according to the stand-
ard procedure (3, each time the test was performed. The results of these
tests are shown in Table 10. Tven though this strailn was supnosed to
shoyw constant resistance, nevertheless there was considerable variation,
At times the growth in the broth was quite floccular, showing a reversion
to the rough form. This deviation in resistance would naturally influence
the germicidal end point, which 1s one of the drawbacics to any method
employing the rhenol coefficient or A modification of it. However, vihen
the results were cormuted, this was taken into consideration, as those

thiat devizted too markedly from the normel were eliminated.



Pogistence of Strphylocccous Jureus
-~ o : - ~n Y - »
(F. 2. A. Straoin To. 2C3) to 5,7 Prenol
Dilations 04 Time Ixrceoure 15 5% Phennl
iy ZZ
IMenol . ~ s - .
5 mins. 1% ains. 15 wmins,
2
5 - - -
1CC + - -
110 + -+ +
56 + - -
1CC + -
11C + + +
30 - - -
1c0 - - -
10 + - -
11 + - -
ac
Y - - -~
1cC + - -
110 + T -
90 - - -
o) - - -
110 + - -
DC + - -
1CC + + -
118 + + +
90 - - -t
1CC + - -
1190 + - -
30 - - —
1Co + - -
11C + - -
9C + - -
IC + - -
110 + - -
9C + - .-
15¢e +. + +
110 + + +
5¢ + - -
1c?o + - -
110 + - -




2, bMethod for Jetermination of Toxic Action

After preliminary dilutions of the zermicides had been mnde in sterile
rhysiolozical salt solution to deternine their toxic range, dilutions
wvere male up in sterile physiological salt colution in such variables as
to insurse an sccurate enil point. COCne-tenth ml. of each dilution vas
pivetted directly into the bottom of a sterile XKahn test tube, followed
by the addition of .2 ml, of staniardized oantigzen. This mixture was
Trousht up to 37°C in a water bath, after vwihich .2 ©l. of diluted blood
(previously warzed to 37°C) was added. This nade the final concentrztion
of vuole blood at 10;5%. At the seme tize, a control tube was set up, using
sterile .250 salt solution instead of the dilution of germicide. After
an inmubation period of 70 minutes at this temperature, with shaking ot
5 minute intervals to insure unifcrm contact of the gernicide and antigen
with the blood, tlhe tubes were removed,from the water bath.

3y means of a Yright canillary pinette, a drop of the suspension
vas removsd from the bottor of each test tube, and sueared on clean .rease-
free glass slides, according to the usual technique for maxing blood simenrs.
Drying of tlhe slides was fecilitated by weans of an electric fan., The
suears vere stalnel for 1 minute with 15 drops of the methylene blue so-
lution, followed »y the addition of twice tliz anount c¢f buffer solut*tion
for 4 minutes T) nid in mivinz the solntion on tre slides, alr was blown
on them scveral tizes. The clides were then washed in top vater, anl
2llored to Ary by draining.

In each of the critical dilutions, the nurber of staphylocccel phagzo-
cytized by the polymcrnnonuclear leucocytes were counted in each of 25
cells. Only thosc cells were counted in which it could be definitely

deternined trat the orgznnieus were pha-ocytired and rot just lying on



top of tie cells. Those cells chowinz evilence of disintegration were

Ja
eliuinated from the count, unless »1l of tre 2¢lls in thrt particular
dilution showed evidence of disintegration due to the toxicity of the

Iy

gerricile. The degree of nhayocytosis is internreted as fellows:

o organisms engulfed Abszrce of phazoeytostie
Cc-20 " " Sli~ht phagocytosis
oc-LC " " Yoderate "
20-10 " " norzed "

Sefore adopting the alove tecinique, some eperiments were set up
in an attemmt to obLizin ontimmm and clear cut rhagsocytic action., This
conslisted in deternining the chemical most suitable for the preparation
of the antizen, tha longth of the incubation neriod, and the concentre
tion of rcd tlocd cells. In these couparative testes, humen Tlord vos
used crelaslvely throu hout.

n. Srperiments on Standerdization

P
[
-~_s

Preparation of Aantigen

As Staztrlccoceus rurous is one of the most resistant vegetative

-—

organisms, 1t is nscessary to artificially opsonize it in order to indace
phagocrtosis. Cne percent solutions of chromiun potassium sulphate,
ferric amionium sulvhate, aud tannic acild were mede up in .89, salt co-

lution, and sterilized by nassing through a fritted glass filter. Three

different lots of antizen were male, in viich the Stashrlococcus nureus

suspehsion was treated with each of the abcve compounda. The tects wer
run according to the vrocedire for Idstermining toxic action, but with
the use of .85, salt solution instsal of the iilutions of the germiciles.
These results are showr in Table 11,

Yot only dil the leucocytes phagocytize a greater numver ol stapliyy-
lTococcl with the use of the chromium notassium sulphrte treated antien,

but the orzenisms remeined sennrate and distinct, anl 411 not form in
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clumps, as with the tonnic nciid treatel ruti_en. The poor results obt-incd

=
~
=
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with trhe ferriec amaonium sulphate trented en, vas probably due to

the fact that during the 2-3 hour incvbaticn period reguired for tre pre-
naration ol tre ontizen, coine oxilaticn toolz place, with *he formation of
irdiroryile. This forued such a gelatirous corting around the or-
¢anisng, thot it vas irrossitle to free trem of this yrellow coatings by
subeceouent veshings vith .05 salt soclution.

Tabla 11

Iffect on Cpsonization of 10;; Human Zlood

(final concentration) by Three Different Corpounds

Crganisms Prhagocytizel per Cell

- .

ic Ferric Ammo-

Chromium Po- Tennd
i3 niwn Sulphats

tassiun Sulphate Ac

A OM OO
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(2) ZLencti of Incubation Period

As 211 recctions necessitate a certain time period for the various
constituents to be in contact with ench otrer 1ln order i5 brinz the re-
actions to coimpletion, it was thousht adviseble to perform the test for
toxic action usingz incubation periods of 3C, M5 and oC minutes, with the
ttree antigzens, The test was nerformed accoriing to the previously des-
cribed technique, with the use of physiolozicrl solt solution instead of
tiie dilutions of gernmicides, and with the U fferent incubation periods es
tl.e only veriant. These results are shiown in Table 12.

Altbonch there was a slight increonse in the number of organisms nha-
gocytized for the longer iacubation periods, it was felt thrt the sli_htly
increased muubters did not sufficiently affect the resnlts to warrant the
additicnal time involved in perforning the test. Action of thz three con=-
pounis in affectins phasocytic action, remnined relatively the serte with
recard to each othker, regariless of the tine period.

(3) Concentration of Red Zlond Cell

A8 it wvas found by Velch anl 2rever (13) tiat a final concentration
of hOﬁ rod dlood cells proved to be too mich organic matter to test the
geraicidal activity of inost germicides, they emmloryed a final concentration
of 100 red tlood cells for the germiciial tests, and a finrl concentration
of L0;) red Llood c2lls for the toxicity tests (12). They stated that it
was necessory to use different concentrations of red blood cells in the
two dhasaes of the tect, in order to obtein definite end points for a greater
nunber of germicides used. Since toxicity indices are based on the ratio
of toxic action to germicidal action, it seemed logical that the sane finanl
concentration cf red blood cells should be used for voth tests.

In view of this fact, toxlcity tests were set up in duplicnte with

various Ailutions of tiie four germicides, using human rel dlood cells in



o 3 . . -
Zffect on Onsonization of 1C, Fimsn 2lood

-7

Telble 12

\
finpl Ccrncentration,

by Tree Different Comounds at Tirse Different Incubetion Fericdis

Chronium T ~ Ferric
Potnaasivm Sxlrhate. Tonnic Acil Anponiug Sulphat
20 wins. [ mine, 0T nins,[[3C mins. B0 ninc.[OU mins [l 3V mins.| 45 mins. ine

74%C 7u4C 7LC c c 7L0 o 1 c
748 15 g ¢ 740 740 c ¢ 2
yalte 7hC 74C 7' 750 740 c 0 2
"e 7he 740 0 746 750 0 710 o)
70 5 7%0 740 7hC 2 12 0 1
740 25 740 7LC 0 740 0 2 c
740 7'0 7'i0 7LC yglls T 7hC o C
10 740 740 7%0 740 30 70 T C
74C 70 74C 7L0 10 19 0 0 ygle
710 740 74¢ 71.C c 7Le g 7h0 ¢
740 740 7 c 7'1c 7u0 7 0 2
740 7he 7" 7he 0 e o 0 0
713 7L.C 7t0 7'0 c 0 0 13 ¢
o 7L 710 Th 700 2C Y 0 0
T4C 7LC 740 7.C 740 7'C 0 3 0
TuC 740 740 740 74C 30 c 0 7h0
740 7t0 740 1C 7L0 0 0 0 5
7190 740 7'C 20 5 7 ¢ 0 0
7 7h0 13 C 20 740 ° 1 c
LG 710 70 3 740 7u0 g C g
740 TuC 740 710 740 740 0 ) yalte
rglle 7iC 74C 7%C 710 0 o 0 o]
740 710 7he 8 700 74¢ 5 S 0
7u4C 7he 7" 7o 70 740 3 C oc
7h0 740 740 ThC 740 7he 0 3 c
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final concentrations ¢f 1CJ znl L0, Ciiervise, the tests were perforu=d
/ / 4

. .

cearlin: to the nreviously described nethod for determining toxic actiol.

»

These results ore shown in tables 13, 1'%, 15 =nd 16,
Txzavination of thace tables showve thit the towric end point as well
as the noint at vhich the germicide is no longer toxic, is nmuch sharp
with the use of the final cecncertration of lCﬁ hunan red tlocd cells,
than with the UC) red blood cells. This mry be exploinei by the fact

trat the quantity of fermicide and the numbsr of organisas 1s constant,

but with a greater munber of polymorphomiclanr leucccytes in the LQjs

Plood cell susrension, there will be a fever musber of bacteria pharso-
cytized ner cell. Vith tle 409 red blood cell gsucnension, more orgnanic

ratter is rrecent, and due to the greater viscosity, the germicile 1s not
breucsht into such direct contact with the cells, ejtaer due to the mechan-
ical effect of improner nmixinz, or due to the Jdecreased a.ount of electro-
1ryte in the cuspension., In the more concentrnted dilutions of the gerni-
cides, the polymorphcnuclzar leucocytes are affected by the toxic action

of the germicide due to its extreme conceitration, but in ths more critical

dilutions, the other effects are niore obvious.



Tadle 13
Iffect of Final Concentrations of 10 and of 40, Buman

BZlood Cells on Zoxic Action of Sodium Orthophenylphennte

1C;> Red 3locd Cells 40:; Red Blocd Cells
Final Dilution of Germicile

Con- Con-

500 [1C0C| 1500|2C00 [ 25C0 | 3000 3500 1000 ftrol || 500|1000|15C0 [2000 [trol.
C| oC C| 7u0| 7u40| T7uO|] TuC 35 0| 7u40| 7uUC

0] 38| 740 201 70| 7ol ThO O 740 | 7h0| TLO

0 0| 30 23| 7h0| ThoO| TLO 5| 7uc| 740

S 1% C|7h0| 22 30| 7u0| 740l 7uC|S 20| 28 22| The
g | a Cl|7!'C| 20| 740| 7u0| 7UO| TUC| &= 25| 2 70| Lo
A 0 0 o] 7ho| 7hc| ThO| TWC|| S 23| 740 | Tho] 7LO
® e 1| 10| 7hc| 7uc| 7h0| 7kl TuC|l® Lo 0| 7L8| 7WO
ool ol 30 G| 74| Tue| 7ro| 7ROty ue| he | 7ol %0
el I c 0 L g| 7ho| 7ho| 7hO|S 25| U0 | TLC| Tu0
gm?c 28| 15 0| 7h0| ThO| TuO| 7UC 4. 7LC FS 740l 7uC
ot O w1 T c 3| W | Tuo| 7hO| Thoj TUHO D 0| Lo | 7Lo| 20
eIl o 5| A 7uc| oc) 7uch 7oL Cf ThO | ThO| T
3¢ 85| 17 Cc 0| 7u0| 7HO| THO} THO 3§ 3| 12 150 740
e8| G| | 5| mo| el nel helgEl SIS LSl T
| B 2 U Z 7l ol [ Pl o] t
o | e 0|74 1| 7% 7h0| TLC) TLC| s 0| 70 | 7u40| 71O
515 15| 740 | 7u0| 7uO| 7Ol TMCO| G 22| 740 | 7LO| 7Y0
818 25 0| ko | 740 7uC| 7LC}] ThHO|[ S g o[ 7hO| =%
o | o 0 ¢ 0 35| 7ThO| 7iCl TMC| o 5/ M| 7hO| THO
il c 0|70 3 23 740 71;02 o) o | 7uc| 740
18 o) L 1 501 TR0 THCl ThC 1S | 7RO L | 7ho| L0
a |2 o] 0 O 7hC| 7ho| 7u0| 7HO|S | 70| 7LC | TNC| T7MC
vla 26 O 35| 7uC| 35| 7v0] 7uC| @ 0| Lo | 74| 710
o |e o7 | 13 c| 7he| 7he| 7hC| g c| 78 | TMO| T:O
G115 | of 32| 38| mo| mue| | 746 |3 | o] 7ho| 70| The




Tffect of Final Concentrations of 1C% and of LC;» Human

Toble 14

Blocd Celles on Toxric Action of Tincture of lercresin

1C;; RBed 2lood Cells LG . Red Blooi Cells
Pinal Dilution of Germicide
5000{10C00|15C0C| 2000C {25000 ({5000 |1COCC [1500C | 2000C [250C0| 30000
0 0 35 74C | 740 1 Y 0 740| 16 | 70
0 0 0 Thec | 7u0 0 3 o 20| 23| 7iC
o o} 0 70| 70 o 0 e 0 6| 70
c 0 c 31 74 0 0 13 0| 37 | 7iC
c c C T4 71 20 5 3 e 2 710
0 ) c 70| 710 2 i 1 20| 22 | 740
o 0 c 740 | Tk o 6 o] 70 | 7C
C 0 1 740 32 3 c 3 c 0 g
o) 0 20 c| 7H0 g ¢ 3 17 £ | 7k
0 b 1 28| 7hO || 15 0 L 14| 35 | 740
C 0 i 70| The || 10 3 7he 0| 7Lke 3
0 o 22 74C| TR0 || 13 0 3 5 c | 7:C
c c 7 7he| T o) ) 710 ! 12 He)
c| © 22 7H0 | T7LO || 11 c 0 15| 740 | 740
c ¢ 3 ao e 0 6 1 11 ° 0
0 0 C Thc| 74O 7 c < elS 1| 7HC
0 o 0 17| 7Lo 3 C c ol 35 | 7™
c c 0 740 740 C 2 4 74| Lo 5
c 0 7' 7h0 0 1 0 1 9] M | 740
e 0 0 c| 7% || 10 o) 1 750 | 70 | TWO
c ¢ 710 C| 7% 0 c 5 1] 70 o)
c 4] c 0| 74 1 2 5 17 | T'C
0 C 0 7| 7L0 6 1 0 1 2| 7V
¢ c c The | 70 3 ) c TUC | 750 | T
0 0 25 7%l 1 2 1 ¢ 9| 3 | T
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oncentraticr of 10,5 anl of L. Miuan

3lood Tells en Toxisz JActisn of Flenerol

10:0 D21 ®lsal Tells UCH Ded Zlocd Cells
Pinal Dilutinn ¢f Jeraicile
—

5CCC|10Cae 15000 [[5200 [LOCCC {15020 |200CC
¢ 74C| 740 25 1| 7h%¢| 740
o 7he |l 1ho Cl 7'¢C 10| 7k0
c 7hC | 7RO 2 o C| 74C
0 1] 700 0 c| 7Tl T4C
¢ e 0 2] e 70 13
C 7EC| 7RO ¢ o} BrARe 1o
C 7uC| 7w c g L 7%
o W 7 ¢ el 740 30
c 15| 7kC 0 3 1| 7%
C 7L | 740 0 21 710 C
C 7L0 e 0 o 7tCc| 7iC
c ™ol e o5 L 7% 12
c 7hC | T C| 7uc| 7Th0| ThRC
c 780 T c| 7| 7o 7o
C 78C | 780 0 I 6| 7
c ¢l 710 C| 74| 7hC| 7HC
0 15 ¢ 0 g| 740 20
) 7hC | TR0 C Y 7hsc| 7'
0 71 740 230 78e S 7he
Q 7ue | 7h0 0 o 7| 7h
C s | 7t c 1| 7| 7%
¢ c| 7w Y| 7HC] 7HC | 7%
o BRI Y Alte 0 c 11| 780
c 750 | 7NC S| e 7w | 7%
¢ 740 | 7h 0 c 1| 70




b, Pesults ef the Toric Action on Human Zlcod
Toxicity tests were rerformcd with the four germicides, with the

adonted modifications, The rerults shown in tables 17, 132, 12, 2C and
21 are besed on the overages of the results obtzined on five series of
tests with erch germicide. The toxic end poiitt was selected as the lovest
dilution of the germicide in whizch 21l pharocytic action wag inhibitad,
In those cases where cne or two cells skowed less then five crganisas
phagocytized, those dilutions were nlso considered as toxic, as that
slight aniount of phazocytosis was considered negligible. The non-toxic
end point was selectsd as the hizhest dilution of the germicide in which
over 705 of the cells showed marked vhasocytosis.
The degree %o which phasocytosls telies nlace may te interpreted in
the followving manner (11). Ia those dilutions in which phajocytocis
was coupletely inhibited, the leucocytes were killed immedintely by the
geruicide due to its extrewne concentration, so that the normal function
of the leucocrte was not possible. In tlose dilutions in which phacocy- |
tosis was slight, the killing action of the germicide 3id ret take place
imaedintely, so that phacocytic action vas initirted, Hovever, after a
short tiie the geriicide begen to act, ~nd stopned further phagocytic
activity by the leucocyte. In those dilutions in which phagocytosis was
marized, te germicide Lhad been dilufe& to thz point where it no loner
interfered with the noraal pragocyt c activity of the cell (20). Comnlete
inhibition of rphagocrtosis crernot be internreted as complete destruction
of the cell, as thisg state can alsc be due nmerely to loss of function.
From a ctudy of table 21, it will be noted that there is a rrrized
variaticn in phagocytic activity of the controls, from 7532, of the cells

showins marized nhacocytosis. Sometines this decreeced phajocytic activity

did not affect the final results nmaterially, ss in Seriee 2, dut in soms
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cases it affected the results markedly. The dny on vhich 3eries U was

rerforned, a duplicate seriss was rur, with hlood from two lifferent in-

.

dividuale as the only variadle factor. “re control on Series U ehowed

tiat 920 of the cells disployed mariced placocytosis, while the control

el

on tha duplicate saries only shovel 2. T.is decreased pha ocytic octive-
1ty affecteld the finel results to such sn externt that these results knl

scarded. 3ince leucocytes are constanily unierzoing destrvetion

e

to te 4

"

in thie tlood unler ror:al conlitinns, the creceuce of a few cells in the

control testsz showing complets lack of ntoocrtic activity could easily
be attrituted to this plienomenon.

Avother observation mede while perforaing the toxicity tests, wos

ot i Ye niore concentrated dilations of tre germiciles, the red ocC
ttat in t} ra concentrated dilat ft seroieid the red blocd

cells were lysed, anid the leucocytses showed eviidences of disintegration,

narticularly in those dilutions that proved to be toxic. Iowever wita

nheersl, a surface tension denressant, the leucocytes ani thelr pha:o-

cytic activity werse unnffected, even thovyh coazulstion of the wlasun,

-

#al Lrsls of the reld L1lond cells tonx zlace.



Toxicity Tests with

Series 1 Series 2 Serice 2

150C 1750 |325C | 350C | 3750 15C0 [1750 (2600 [7250 [35CC {3750 4000 B5CC |175C | 3500

0 2 C| 7h0| 70| 7hC 0| 1¢ c|7ue ¢| 7| TMO c| 3C| 7%¢C
o) o| 161 710| 130 1 0 0| 7itC | TLC c| 7k Yy 0| 26| 7-0
0 0 C| THO| T7HC| TNC 0 0 C o c| 70 o o 1| 7k
C 0 0 0 c| 7LC 0 o 0 0| 7ko 0| 7L0 0 ) ¢
C 0 O 740 | ThUC| ThO C ¢ 0| 7k0 | 7hHO| Tho 0 ¢l 7iop 30
ci 0 gl huo! 7hCc| TLC c| 27| 7v0 C| 7LO| JuO | 70 ol 11 780
0. O 15| 33| 7h0| 7M0 0 0 2 | 740 | 70| 7RO | 7O 0 el 7'
ol ol o|7w0| el ol o ol ofl7w|rwe|ue| 0| o u o
¢ 15| 25 c| 7C 0 0| 23 0| 7%0 | 7kL0 0| 740 o) C ¢
0 c 0 c| 7h0 | 740 0 c c o740 | 7iC c 0 cl 7"¢
o c|7hc| 7 C| 70 4 0 ol 28 C| 7L 74O | TUO Q| 70| 25
0 0 O 7H0 | k0 | 7O 0 C 0 o740 | 7LC | TN 5 C| 74C
¢ 170! 70 c|7h0 0| 38 0|7k c| 70| 7WO C| 17| 70
0 0 C| 740 | 7LO | ThC 0 0 0 |7L0 | 740 0 0 o C| 70
0 0| 12| 7%0 0 |7h0 ol 3 o |7%0 c| 7h0 | 7UC 0| 7%¢C 0
0 1 C 0|70 |7kC 0 O 30 |7HO | ThC| 7HC | THC ¢ 3 0
0 o L7 | 7he |70 0 0] 12 0}7%0 c c 0| 19| 7'0C
0 c o 0|7 | 20 0 0 0 o) 0| 7hC | 740 0| 177"
0 0 0| 74 0 |70 ) c|7M0 0| 7L0 o |7hC e {70 0
0 3 ol 7"C 5 |70 0 0 3 o 0| 16 0 0 c| 70
0 ¢ c| T 1 |7h0 c| 12 Cc |70 0|70 |7L0 0| 23 c
0 ¢ C| 40| 27 |7W0 0 0 c o7 |70 | 22 c|7'C| 1t
0 ¢ 7 c |7hC |7h0 0 0 | 740 {740 | 7L0O 0 | 740 0 5 0
c 1| 27| 25 |7 |7 0| 1 C |70 | 7o | 7h0 |70 o c 3
o c C| 12 |70 [7hO 0 0 C |74 C | 740 710 c 5 s

Toxic 13 125C Toxic 13 1500 Toxic 1 17
son~-toxvic 1 775C won-toxic 1: 375C Ton-toxic 1



o
ol

¥
42
€l

4
[

Tovrigi+r

KYO AMO VO OLOUNMNOCOLLVOUOLDLULUHTOOLOUF QI

OCOCOO0ODVDOOVOOLOLOVDOLOOLOLULWLOULOOOLOLOW

OOCCCCOCLOCOOCCCCCOCCOCQC
T S S S N R el S S Sy S Ny S Sy S S S S N

27500 | 30008 3353c 7500 1CCC0

OCMm.anwm COAWOCCCOCOAWBO ) OO
PSRRI S SR S S NI LR S S S,

15CCC

~ 7J.~k.m Cl O M~ OV :/50\4 M=\ Oufollpz
~

HANOOO MO MOMOOOODOVLOLONLVOHAATOHHO

[oNORONORe Ne NONo N RQNCNONeE RGN NONONONONONONENSRING]

0OOMCOOOA.COGCCCCOOOCQG n\m )
—_— P by et g
=T =TT - e T F - R =TT

¢Co hzsoc 10CCQ| 175Cn

\la)

ﬁvh.uOCCCnJ\-H.CCO,u.ﬁ.vccccoccoorn\c
~. AL A P = e . — S S

=T r— ~~ ~ Far—t—= M~~~ R

?7500

.

CcoﬁvHCAvCAVOCCFLT\JCﬂuOcOM_O@ﬂJﬁurv

P=t—= T~ P=D=P=I-P= o~~~ T~ -

WO OO0 1(400\4.(7.08?000“.C00r0h‘\u. ™~
—

ies 1

Ser

IV O IOV O MU MO OV OOOOOINGH O N,y

13500 2ccco|225¢0

OO0V O0OO0V0DVINVDOVOVLOMOODOOOOOI OV

ics 1i 1CCCC
“an-toric 1: 325CC

S

M,

GG
-~

2
un:

17002
TS

1:

~
-

=i

Te:
Tah-toxic 1




| e
{ i |
|
)
{ !
\ f
|
4
— +
H ]
i
i )
et
)
i { j
| P~
|
f
{
! |
1 ] {
\
B
{ |
i
L
{ i
i i
[ie=t
)
\ ] 1
| )
{ fEie
|
i —
i
{

! |
| |
| i |
\
! |
|
—-
'®)
f g !
il
{ o |
O
|
} i
o |
> |
{ \
1\ i
b — |
)
e \
| 21
\
! \
| i
{ &
J o)
O
|
| r
r
—

e I
P~=1 1
I i

4
|
|
|

} D DE ) O ¢
=== D= D= D=
O ) O L C
— - o - - (o
) hh iy ) T I [

|
)
Sl b 0~ 1
' i | ) |
1
\
|
- !
- I I i i
: -
i I I
| B W ¢ C
r
'
O (¢ O < y O

4ol T

|

Wolle) e B ¢ )
I I I = I
I - =T i
.
|
) Mo \ | ”
' T f
I f
\
]
) O } J » )] ) O 1
4 !
1
e ———— —4
» » ) ) > D J » ) ) s
i
]
!
= ————|
i
» ) O O « ) 1
\
=y ) "1 ) i i w
—
1
. . }
» O [ O ) € )
|
i Bt el Bl el Bt B
1
: i
1
y ' H
) ¢ )
i
- =1 4
r I i =M=t “
_—
) o Y a0 T D ad 1O ) |
r ]
H
— —
) O ¢ M |
\
§
= =
5 1
) r ) ( y it
| e |
i) 1 t
-
H
|
1
) ) ) ) LD ) {
= 1
e oot et B e et el !
!
e

) C ) oRoNe] {
2 £ r— “
- N~ el P

{
}
WP B @ I B \ ) ) ] {
|
|
i

\ ) ( ) p) )







-+

1 7

e e e e IR SR

200000000000 ITOO0OCOOTOOQ
~ T T T T T HATNATIT AT TSNS ST
P~P—=P=P=P= I~ M~ M=M= r= P~

Y NONO OO WNOONODOMNOONNDO C

OCO0OO00 O0O0O0DO0ODCOCO0OO0OO0OOCOOO0OO0OO0O
o

~
v

COQOOMOOQ Q0 0O N
o o~ ol — i~ T - B R S o R g
el el el [l ol el Rl el el el

! YLC
71Lo
T
71’(‘

o
e

|

O~ OO NN QO NM~QC > ) O ¢
= 205 =F 2 ) =3
e e e S e e N

740
| 7[Lﬂ

1

i
| 710

740

)
kil ol

| 740

| 740

FZ,_»QC,CC(,CO f CCCCSOJCZJCC
ol = 3 >~ s o =t =1 | s

M~ D= W~ N~~~ = e~

g

O oo A YO NC OIS WT ONOOHQ
1 ~ Ql o ~ M V| ~ ~ o~

1
i

OO.JCG.VALJOAVH. ,\‘UOh‘vOA‘uD_Q\,«ﬂu?\.f,\LGOOﬂU
! i

k4
[0
w2

oNoNoloNoNe oo NolofofgooNololoafoleolofeoNelleoNeNeN s

QOO0 QM OO0 MC OOOO0OO i
= = = i I = L5 gl SN
Mt~ =M= ~PF=T= I~ =t ™~~~ |

QOQNOOWOOOQCO0O0O0OO00QO0

B rps A e R

~ * - I oy - -
L e el O R e e e

OO0OMNNO OO MOO ~{WO O IO O 0l
8V 4 —~ e~

Q —~ =

o) L“
TOOOMOQOTCOQO0QOQQOo |
|

|

|

]

|

|

]

~ ~ !
|

|

]

|

m OFT 000000000000 OOO0OO
= —— e e—— )
t
” oNeNoNoReoNoNoReNoNoXeXoNoRoNoNo e,
< P o g2 il < = e U ol S Pl ppien ghben pion i 302 |
" [t el Il S p T S el S g e el Ml Sl Sl S
| {
i i i
1 ] i
1
! ! 3. D D )OO O . MO 600 MO OO
{ | — a4 (= g A
! I el el (el e el el il e Rl el Rl el A
=3
,. i
! ') ) \ U h {2 I @ [ = ) 1 O ( \ |
| ~ . — == ; r H
| [ el el e M~ =1 el e [l I~ i P—=1 "
] 1
{ ez } = 1
|
£ 2223 "
! M~ 0 e e e “
1 1
{ ). QA ) O£ OO Oy O\D © O O m
! C 1 ! ~
i {
|
, _
O O OQONOO0OOCOOMONOROO0OOO0OO0OCOF0O0O0 _
O .7‘ i
| |
| = £ R S|
1 O 0O OO OOOOOOOO OO "
M |
i |
1 — — T
T i
\ « “
i !
i | - {
AN R IRT |
i i i +
i ok ]
i =l
| ol oo o |
] a2 |
! P “
R +
i | _
1 | 1€ ) OO P Zh« S MY\ OO0 O O e O
| | R 3 ot = B oV aV| = 2 3 B !
| il ~r—=r - P | M~ =D [ S e e e el B el "
A S
1 i {
i el T 00O o Yy O\ SHY 2 O < ) OO0 __
! I TeY - =2 I 1 v i L I i
A | Al ~ r~I =1 =1 1 I el e P i
{ sl
I
] + t —
1 1 y 1 3 »M
| ol & G 5 \t0 O O OO0 000w |
' vl O : s s A g Qd pey.
! ol O ~~r=0 DT 0 f === {
| 4 {
_ 1] 0 ;!\w
1 3 | 1 ~0 O 4 OO YO O OO0 0O T OMMHO QO '
| ! o r Ql — = “
1 1 5 _.rn
! | i {
| 1 —
| ] 1 !
“, w ”.\ > | ) D 3K @ o <p W > B B B ed W o 4 @ o « ) O O OO “
5 1
] .
R et _

- ©
—
S
0 o
.n -
o
==

O
O
LC
aJ
O n(.,
O
LOY oo

)
oo o
A )

o
QO
ol |
0 0
=







—-—

- -

Tavle 21

Controls of Tcoxicity Teste

Marbar of Orzaniens Phasrertized per Cell

Series 1| Seriee 2| Serics 3| Series 4| Series 5
70 740 740 740 7.3
740 740 7%0 70 740
70 20 TiC 740 7LC
710 7 0 TuU0 7u4C
7he TuC 7LC 710 25
T4C 0 7 740 740
710 740 740 740 740
740 o 7he 0 740
7he 7h0 7uc 710 710

2 Tu4C o 74C 740
740 740 7uC 710 3
7he ) Th 740 740
740 7LC 7uC 740 740
7 ¢ 7hC 710 7L0
7hC 7L4C 2 740 7.0
7h0 The 70 740 0
740 27 yle 0 T4C
710 o 740 7h0 740

0 7LC 740 7he 740
Tu0 740 0 748 740
740 28 740 740 746
70 e 710 7%0 c
7h0 0 740 Tuo 7h0
740 0 TL0 740 740
740 740 710 740 7.0
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3. Determination of Taxicity Iadices

Using the same method for calculating toxicity indices as that »ro-
nosed by Salle, (10) tle toxicity indices were calenlated on the hacls cf
the avernze results obtained in the germicidal ond toxicity tests. T3se

reoulis ars stown in £aile 22, and thosc chtained by Welch and Funter (12)

and elck ~nd 2rever (13; in tadle 23.

A stuly of thece tadles shovws that tha resulte ob*ained were verry com-
narable ani the zmount of Adcvintion wes no sre=ter thaon that which wouid
be exrected in the hands of different vorkers. Althoush they 4id not wele

any studies on phamerol, the results vhich they obtained on zephiran are

since both are quarternary amoonium compounds., The slight

differences obtained in the results with sodium orthophenylnhenate nay
be due to the diffsrenczzs in hydrosen ion concentration of the two sclu~
ticns. They do not give the hydrogen ion concentration of 4hie solution
thiey used, while the cne I nsed hal a pH of 11.17. Sowue of +the higher
orthophenols ar insclutle in water, but ore soluble in an excess of 2lizsli.
(21) owever, an excess of al%¥alil reduccs the germicidal power.

These tables emnhasize the fact that =an efficient germicile is a com-

pouni vhich 1s non-toxic in the dilution in which 1t is germicidal, and

2lsc the importance of usirng germicides only in the particular dilution

o]

in which they are germicidal. If germiciles are used ir tbe dilution in
vhich there 1s absolutely no toxicity toward tissue, ther ~re no longer

Zerniciidal,



m._ %1 ial
.silb-l.e 2C.

Tomzicity Indices in this Study

A B ;'s./ 3
Gernicile Toxic |Germicidal] Ylon-toxic|Toxicity
Jilution | dilvticn | Diluticn | Index
Sodium Orthophenylphenste | 1: 115C 1: 652 | 1: 3750 1.7
Preumerol 1: u6CO 1: 5225 | 1: 112CC .8h
Tincture of merthiolate 1: 1150C| 1: 26C0 | 1: 3C5C0 L, up
Tincture of mercresin 1: 1052C| 1: 4550 | 1: 300CO 2.3

Poxicity Indices of Velch, Brewer and Hunter

Scdinm Crthophenylnhenate : 9C0 1: 900 |0t ietermined 1.

Fhienernl 1: 30CO0 | 1l: 6250| " " . g
Tincture of merthiolate 1:; 17000 | 1: 2980 " " 5. 7
Tincture of mercresin 1: 75C0 | 1: 3CCO( " " 2.5




M, Teriments with Guinea Pig Tlood

4

As guinea pizs are cocy *c hoanlle »nd re~dily avellable laboratory
anirmale, s#tdicg were ztteinted usins tieir blood, with a view tovard
; their foxicity indices. Pravious to setting uvn the emeri-
control teste were set up, using .25.° solt
soluticn., Tre tests were performel in every vay as in the procedure cut-
linel for human dlno0d, but in the smears of tlood sarmles from three diff-
erent fvinea piss, cnly frem cne to two cells skowed phogocytosis, ani
trose hal only phezocytized from two to five orzeniems,

Since trese sauples of gninea pig tloed chowed s» 1little phazocytic
activity, it wes thontht trat these minen nizs misht Ye abnornal, an
izreliataly upon with lrawal of the hlood frowm one of the nige, 2 blend
smeny vee mele, and ctainedl ywith "wiht's c+rin, On the basis of 20C

lencocvtas counted, the follewing differential was obtaired.

'D»\'] V""O"""""O“uCA- 28rs 2C,‘)

Imhecrtes 76,5
Dnsinophiles 2.
Monomiclears 23

Wany cf the red tlood celle ghowad marized pniqocvtOQis and poizilo-
o.ml OCca 8) .m.u.\ CQ“ s\uve gt‘-\m-on-—o.u A»\l c\\xom L |oa) ‘ml
cvtonisVan oceasional normoblest was found., liany of the lymphocytes

also showed an abrnormelity in the farm of an oval inclusion cell, vhich

vaes conetines smooth in apnearance, and sometimes so digintesrated that
only the ¢21) wall rerained. Vsually oxnly one boly vas founi in a2 cell,
but occasionnally savercl siiall ones were found. These bodies took the

acid stain.

As julzed by the standards for normnrl values of human bloni, this

smear choved evidences of a ratholosical condition, hnth with reznrl to

tlie leucoctes and tre eryvthorocyt=s This belief wes further substnanti-

o2ted by the fact thet 211 three guinea nl:s died about one month later



-7%)=

(&e Judzel by the standards for norral values of human blood, this
emear choywed evidences of amatholczical ceondition, both with reszsard to
the levcocytes and the erythrocytes. This belief was further suhstantinteld
by tha fact that 211 three sulnea niss died about one nonth late?)

Following thnt tine interval, another suinea pig was bleld, and efforts
vere agsain nede toward performins the toxicity teast. At thie time 100
leucocytas were counted, of which 197 showed nhamcytosis. The action
wAas vVery weax, however, ag lgﬁ shawed sligh* ~hrzocytosis, while only cne

1 phomeytized 35 orgonien. At the came time, another control vas

-

e:
set up in which the incutotion period was extended to 50 minutes. This
time enly 237 of the cells skowed nhazocytesis, most of which chowed nAnly
sli kht phegocrtosia, and only M} showed marked ohazocvtosis. As the nor-
mal pheoeytic activity of the cells wrs o low, it was not deemed advis-
able to continue the toxicity tests using guinen piz bloed. These results
are not in agreémen+ with those of 'elch (22) who states that the averace
07 tle control tests from ten normal suinea pigzs showed that 565 of tha
cells exhibited marl-ed phagocytosis (740 organisme per cell).
A blood smear wae 2len male from thie guirea pigz, and on the basis
of 2C0 c=lls countad; the followins differentisl was chtained:
Polymorphenuclears L2,
Lrmphocrytes 56.
Inrze mononuclears 1
An occagional red hlood cell show:=d anisocytosis, achromia, and noly-
chronrtochilia, and an occasional noruohlsoct was eeen. llany of these
lyrhocytes also showed the presence of the inclusion cells.
Klieneberzer (23) sives the following average normal values anl th

rancse of normel valucs for suinea o*m blocd:
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! Tnrxal Values Trn-e of Values

'

@ 79 R.2,.6. 5,270,000; W.3.C, | Db €3-1C7j; R.B.C. L,1:30,00C- ‘

2

15,020, G,15¢,0CC; W.3.C. b,va—lz ueo,
Differential Jifferential
Folzorptonuclears 35.5 3 Polymorphomaclears 0-hgs
Lrmhocrytes 5.5 % Lymhocytes 33-E8
1 1
Zosinophiles 17 » Zosinophiles 1-1C;:
- .7 . g !
lononuclerrs ) tonomiclesrs 0-1.5. |
Zasophiles .85 Basophiles 0-1; |
Transitionals 650 Transitionals e Bm3e

Tre tlood finlin~s of the normal gvinea pig show (23) that the red
blood cells exhibit considerable anisocytosis, frequent evidences of
polychrometophilia, an occasinnal stippoled cell, ani very rarely an
erythroblast. The hero lobin and red cell velues are aprroximntely the
sarie a2s in human blood, but the leucocytes are €lizhtly higher, with
tre lymphocytes in the majority. In the blood srear, lymphocytic cz2lls
are quite regularly found with eccentric nuclel and oval inclusion cells.
In th= garme onimal, cells of this type are found with a small mecleus
and a larse inclgsion body, and calls with a large nucleus ond a sirall
inclusion body. It is not certain vhether these cells teleng to the
lryamheid or myelocyrte srstem, and whetrer this change in the size of
the inclusion cells is a crcle in the develonment of the cell or not.

Jowney (24) states thet a peculiar body, oval in shape, ani suzies-
tive of a phagocytized erythrocyte is found in the lyrphocytes and nono-
crtes of cuinea piz blood. Usually one is present in a cell, and snue-
tiines several may occur. He ascribss the nase of Kurloff bodies to these
irclusion cells, ani states that they 'ave 21so beexn deseribed in the

l.mphoc,tes of will Cavidae.
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As ths above references show, the normal guinen pig blood deviates
considerabvly, particularly in the differential count, and the inclusion
bodies in the lymphocytic cells, and the evidences of anemia are normally
present. It cannot be asswmed then, that the sulnea pigs I bled showed
any patholozical condition. However, these findings lo not help to ex-
plain the weak phazocytic action of guinea pig cells. Klieneberger (23)
states that a thorough anatomic~l study, ad a study of the Aiet ani liv-
ing conditions would have to be madle, in order to explain the frequent
anemia found in the gzuinez pig, which is otherwise difficult to exvlain.
If these are consilered as possible contributory factors to anemia in
the guinea pig, mizht not they slso in sore way affect the phagocytic
activity? ‘ .

Although Spiniz (25) et al in their experiments could not show that
ascorbic acid influerced antibacterial activity, yet in a review of ex-
perinments performed by other workers, results were shown that the activi-
ty of the complement was directly related to ptimsl concentrations of as-
corbic acid. The exrerimental work of kaccari (25) and Ardy (27) offers
further proof that the opsonic power of guinea pigs is increased by the
injection of vitarin C, and that in scorlutic animals the opsonic pover
is almcst zero. Welch (22) showed trat a thermolavile substance in the
complement ¢f the guinea piz wes an essential factor in producins phago-
crtosis in the method for determining the toxicity of germicides. It is
generally known that guines pigs recuire vitamin C in their diet, for
without it, they soon show evidences of nutritional diseases. Cn the
Yosis of the evidence furnished, the conjecture could be made that the

- . Wro s Au( 17)
fallure of guinea pig cells to show normal pha ocytosis te—needéd—bo—pub-

acll o Verwio C.
HMW TN vberie \’\ow—zvu—, TMTLV preof s M,uo\e& Vo sub—
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Toxicity indices could not be calculated on guinea pig blocd, as
I was unable to perform tests showinz the toxic a2ction of germicides

on guinea pig blood.
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IV, Swainery

The method of evalunting germicides according to their toxicity

indices, tkhet ie, the highest possitle germicidal efficiency with the

s s

1ible toxicity for huwan cells, is & inethed that cean be repro-

[
T
m
n
(3
3
o
(%]
]
Ho

duced in most laborztories vith fairly consistent results. This is sub-
stantiated by the similarity in results obtained in thig study anl th-t
ottrined ty Velcli, Zrewcr, »nl1 Xunter on the came compounde.

It remroduces to some extent the actual conditions encountered in
wounlds by testing germicides in the pressnce of orzanic matter, blood,
vikich not only s a tissuz normally found in the body, but is also an
irportont defensive nmechanism againest bacterial invasion by means of tre
nhagocytic cctivity of ti= leucocytes. Cther actual conlitions simmlated
cre tle terreraturs (boly terperature] at vhich the test is performed,
anl the use of physiolo~ical salt colution as a diluent for A1l cof the
suspencions.

Actual conditions a3 they naturally ocour are not siundated, for
the _erniciles pre not tecsted accoriin: to thsir internal action, crn
mucous surfaces, o2v cn the cther tissues of the boly. Lowever, by test-
ing cermicides accordins to their toxic actlon on one of the boldy tissues,

they ars claceified on an entirely 1ifferent basis then when clasgsified

N

solely by their phenol coefficients. Ac the toxicity index is entirely
*ndenendent of the rhenol coefficient, tle formor method of rating nlaces
oy narrower limitetion cn the use of germicides.

By the retention of ~ medifiel »hencl conefficient method for testin,
the geriiicidel sction, 11 the Adeficiencies of the phenol czefficiant
methed wve encountared. Auong tre most i:mortant of these deficiencies

ma” be mentioned the linitnition of testin:; with orly a few or_nnisnms

in pataral infections, variability in reecistance and numbers
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of orzanicns, proportion of culture to dicinfectant, inaccurecy of loop,

inflrence of conpcsition of medium on ~rowvth, testing in the absence of
organic matter, anl the inanrlicability cf mse on cormpounds unrelated to
rhenol,

With regerd to the actual perforiance of tle test, the end points
for determining toxic action are very sharp, anl fairly consistent, but
tre process of meking tlie sumears, steinirng, ond counting the ingested
bacterie is not orly tine-concuming, tut veryr tedious, However, the use
3
st any tlze. The necessity of havin: freshly drawn human blood availahle,
and tha fact that it is not constant in its phozecytic abillity, are other
obetacles in thie test., Although <inea piz blood is aveilable at any
timé, its wealr phazocyrtic activit;) and the ifferences in its conshtitu-
ents as coxmared to that of hunan blool, doces not maize its use feasible
for Jetermining toxric zction, or for use in sinwlating the activities
and reactions of huaan ©lood, The possibility of vitamin O deficiency

as an e:planation of weak »hagocytic action, offers the onportunity for

urther lnvestigetion alon: this line.

+

In conclusion, I telieve that this method serves cnly ar a tentative
f

nerimental and natural infections,

-

slides fvrnishes a permnnent record which con he referred to oni ¢! eczed
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