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"Vere dignum et justum est, aequum et sslutare, nos tibi

semper, et ubique gratiss agere, Domine sanete, Pater

omnipotens, esterne Deus."

Diedrich and Schaefer's

The Catholiec Menusl, 93, 1924
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PREFACE

The bio~chemist is now thouroughly interested in the
theories and prineiples whieh underly physicel Chemistry.
The results of these investigetions ere such, thet
they have brought sbout & change in the trestment of many
disesses. It shall be the purpose of this paper to illus-
traete by experiment the importance of these theories and

principles in orsl antiseptiés.

It shell be endesvoured to show thet an orel sntise-
ptic with & low surfece tension is necessary for good &d-
sorption.

Thet good esdsorption is neeessary in order to reach
‘the bacterias that sre in the deep crevieces of the mouth.

The human subject was given & uniform smount of solu-
tion to wesh his mouth with, for a presceribed time, at
regulaer interveals; cultures were then taken before, snd
after each weshing in order to determine to.some degree
the amount of adsorption.

Gratitudes and seknowledgments ere mede to &ll who
heve coopersted in whatever manner, shape, or form either
in the past, or recently in this research work. Speeci-
ficaliy to Prof.Dr. H. Heinriech, for his words of encours-
‘gement, "Everything comes to him that waits," Prof. Dr.PF.
C. Margoles, Prof. . Wellner, Messrs. C. Barta, W. Kleis,
end Kocowsky.

Edmund A. Dziennik

Milwaukee, Wisconsin
April, 22, 1922,
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I. Theories of surface tension: adsorption; and bacterisl
surfaces in oral antisepties.

The mouth of every being, man or beast, is seething
with miero-organisms. Iliany of which are necessary and use-
ful for such processes as masticetion, digestion, respirsation,
and excretion of waste produects. The life of the bacteria
depends upon the processes mentioned, and others, becsuse it
gets its nourishméent by diffusion of the various life giving
substances through the cell membrene of the orgenism. Only
in this way can the living protoplesm encased in the membrene,
maintain its well being.

Diagram showing diffusion of solution through cell
membrane:

™
4

(13)
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A. Acceleregtion of & high surface tension solution. B. Of
& solution” with & surfasce tension reducent.

From the above it is seen that the oral antiseptic in
order to be effective must be in solution, so that itmay reasd-
ily diffuse through the cell membrene of the orgenism. The
greater the diffusion the grezter sre the chances of killing
the bacteria.

The surface tension of & solution is lowered by adding
to it 8 surface tension reducent which mekes it possible for

& greet many more molécules of the (orel antiseptic) solution



111.

to diffuse into the cell. The theories of surface tension,
adsorption, snd bacterial surfaces shall be presented in
the order named,

1. It is a well established fact thet liquid surfeces pos-
sess the property to contract to the smallest possible &eres.
It is evident in the sphericsl form of smell drops of
liquid.

Platesu (£) studied the forms assumed by liquid surfaces,
and showed that their surfaces are slwsys curved, and that
their tendency is to contraect.

It is the property of & molecule in & liquid which se-
counts for this tendency of the surfaces to contrset. UMole-
cules possess & definite size, and shape in all states of
metter; in liquids they are kept close to each other by the
e¢ohesionsl forces between them; the forces do not prevept
the kinetic movement of the molecules.

The molecules on the surface ere sttrected inwerds;
there is, however; no outwerd attrection to beslence the in-
werd attraction, becsuse there are none outside. For this
is the reason why every surface molecule is subject to &
strong inwsrd attrection, perpendiculsr to the surface. (3)

The well known rise of & liquid in a capillary tube is
simply en asutomstic recording of the pressure difference
ecross the meniscus of the liquid in the tube, the curveture

of the meniscus being determined by the radius of the %iibe

2. The Physics snd Chem. of Surfsces, N. K. Adam, 1, 1930
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end the angle of contset Fig. 1 between solid and liquid.

P-a point on curve Dy-density on lower side
P, pressure on ceconcave side Dy-density on upper side
Pg pressure on convex side r -redius of tube: R-radii
Z- above lefel: A-below level of meniscus: i

-surfece temsion

Fig. 1

Fig. 2

Let r be the redius of the tube, © the &ngle of con-
tact between liquid snd gléss (genersally zero). Then the
radius of curvature is r and the pressure under the men-
iscus becomes less than that at the seme height, in & liquid
with a plane surfsce by 2 cos ©. This produces a driving
pressure tending to force t;e liquid up the tube, and the
meniscus to & height, h, if Dl-Dz is the difference between
the densities of the liquid rising in the tube, and the
surrouhding fluid, h must be given by <Tcos ©-= g h (Dl-D2)~
or Tcos ©z1/2 g r'h (Dy-D,) "The liquid flows up the tube
under hydrostatic pressure." Surface tension being effected
by temperature, must be taken at the same tempercture fof
accurete height resdings.

The methods snd details necesssry to obtein the highest
aceureecy by the cepillary height method are more fully

discussed by Riehsrd &nd Coombs,  and Richard end Carver,



8

end Herkins and Brown.
2. Adsorption. It is & well known fact that substances
which reduce the surface tension of solutions collect
about any surface or perticle which masy be in contact with

the solution, by & process of mechenicel adsorption.9

It
is for this resson why the molecules of thg antiseptic
which sre equally distributed throughout the solution, ere
immediately adsorbed upon the surface of the bscteria with
which it might come in contaé¢t.’

All tissue surfaces have microscopic crevices, fibrils,
and interstices, in the depths of whiech there msay be large
numbers of orgenisms. The oral antiseptic must necessarily
penetrateAinto‘thcse eavities, in order to have the surfsace
adsorb the solution, then to diffuse still deeper into
these tiny cepillsries, or else sny orgenism thet remains

in them, remeins uninjured.

Figure 4.
r o+ 4 + + A
% e 20 ¢
+ + + +
+ + I+ +
e T, R g -
-'—
+ + + + + +
+ t
$ds e ¥ ot R ooty ¥ v Ak

A. Adsorption of & non reducent solution by bacteria, show-
ing equsal distribution.

B. The_mechanical adsorption-by bacteriea of solutions with
lower surfece tension; showing molecules on surfece.

3. Bacterial surfsces; Although the surfaces of bacteria
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are not strictly solid, yet the resctions which occur on
them, heve so muebk in common with resctions which oeceurgp
s0lid surfzces when plsced in contsct with an sdsorbent.
Chercosl will esdsord coloring matter from solution. Bae-
teria will adsorb coloring metter from & solution; exsm-
ples can be found that hold for gases also. Quastel (10)
and his colleagues, give & lengthy account‘of the reaction
of the surfaces of Bacilli Coli in methylene blue. They(1ll)
showed that some of the bacteria hed adsorbed so mueh of
the methylene blue, that they could not be anymore induced
to staery growing and proliferating agein on nutrient medis.

This shows thet & resction took plece on the surfece of

the becteris. Figure 5.

ORF,
% ANGLE

A . Y CREVICE

A

L. A surfece showing sngle snd crevice.

B. Surfsce covered by & liquid of high surfece tension,

C. Same surface covered by a liguid, with & low surface

tension,(13)

O. Ibid 2, 1930

4. Ibid F. G. 4, 16, 1930

S The Physics &nd Chem. of Surfasces N. K. Adam, 17, 1920

6. J.A.C.S., 1656, 1915 9. Dentsl Cosmos, W.A.

7. Ibid 827, 1921 ' Peirer, Sept., 1927

8. Ibid 503, 1919 (10)Bio-Chem. J. Quastelz0, 166, 1926
(11) Ibid GQuastel end Woodbrigge, 21, 1:224.

1927
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IT Orel asntiseptics investigated.

The following orel santiseptics ﬁere investigeted:
Antiseptie Solution N. F., Glyeo Thymoline, Hexyl Hesor-
cinol, Hydrogen Peroxide, Lavoris, Listerine, Pepsodent,
end Zonite.

These substences were used becesuse they are extensively
used, and are netionslly known.

The cepillery rise method was employed to determine
the surfece tenmsion of these various sntiseptics. #or the
experimental detsils of this method, Richards, Cerver,
Hunten and Mess may be consulted.‘l2 According to their
experiments end opinion, the percentage of error is the
leest in the capillary rise method.

The spperetus used for the détermination of surfece
tension is shown in Fig. 6. A capillary tube: A, of
uniform bore, is hkeld in position in the test tube, B,
by mesans bf & stopper. The liquid whose surface tension
is to be measured..is introduced into tube, B, ecork in-
serted, end tube placed inside of the lerger tube, C.
Water is pleced in tube, C, whieh is placed in sanother
waeter beth, D, the tempercture is kept constent, the
cepillery elevetion of the liquid is measured by & cen-
timeter scale, E, back of tube, A. The vents in both
stoppers permit the excepe of vapor from the liquid in,

B, and C, insuring ecugsl pressure inside and outside

2. J. A. C. Si 156--1929 , e
%5. Journgl Infectuous Disesses, M. Frobisher, 66,%8,1926
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the spperstus. The surface tension of & liquid h&s been
found to depend upon the nature of the liquid, and upon
the temperature. For this reason the bath must be kept

et & constant tempersture. The following concentrations

were used: l. PFull strength
: 2, 20% "
g, 4% ¥
e v

The concentraetions were selected becsuse they &re recom-
mended by the manufacturers of the preparationse. Diffe-
rent concentrations sre necesssry for open cuts, &nd

wounds mouth washes, &nd eye bsths. Fig. 6

1

The following technique wss ) [
AN A NRURN AR AN

followed in g1l the surface tension

determinestions:

0

1. The water bath was kept A

at & constant tempersture, ZOOC.; \U /

2. The pyenometers used n Bt NS F
C

for density determinstions sfg

-_'+
|

were always weshed in &n acid E R IE ¥~ SEIR
cleening solution, rinsed well
with weter, placed in oven, dried

in dessiestor, cooled, used

again.

Z. The capillery tube

wes weshed in an acid solution,

rinsed with water and slcohol,

placed in oven, dried, ccoled,

used agsin,




Free from foreign substances such &s esrometic oils.

4, The following formula was used:

d=density 29°¢cos, ©6-g h 4 or

hzheight in em. g on

g-dynes forece

r-radius of tube Pcos 0-1/2 g h d r: Since co0s.0 is
qv -surfece tension ‘ 80 small, it shall be
considered as cos. 0=0.

=g h d r m™~=1/2ghdr
1r E eos.s

Sinece the dismeter of the tube was unkown, it was

found by formule; by filling the tube with mercury;

gnd its volume determined. The rsdius was then calcu-

lated.
k=length of tube IT= 2.1416
r=radius M=Mess
Vzvolume Dzdensity
D=_M : Ve XT £ 2 g
g A "
Y =
V= M =TIT
D v
Ir= *T h

It was slso measured with the mieroscope.

h-cepillery rise in cm. g=zdynes of force 9&0
d-density of solution: wt. r=redius of tube=-.04649cm.
vol.

Surfece tension- 1/2 h d g r.




Surface Tension of: Antiseptic Sol. N. F., Glyco Thy-

moline; Hexyl Resorcinol; Hydrogen Peroxide; Lavoris;

Teble I

Listerine; Pepsodent, and Zonite, &t 20° C.; Radius

of tube ,04649 cem.

(D) Density: (H) Height in Cm.:

sion in dynes. (F.S.) PFull strength:

Substance Coneen-
tration
Antiseptiec F.S.
Solution
] 20%
* | 4%
i 2%
Glyco Thymol. F.S
. 20%
" 4%
" o%
Hexyl Resorc. F.S.
. 20%
" 4%
" 2%
Hydrogen Perox. F.S.
" 20%
" 4%
" 2%

Lavoris ) 3% 1

D.

»980

«950
«989
«999
1.06
1.01
1.00
1.01
1.08
1.01
1.00
1.00
1.01.
1.00
1.00
1.00
.998

(S.T.) Surfsce Ten-

S.T.

$6.,37

39,21
39.65
40,96
$9.84
de.21
$56.94
2b.08
51.99
59.56
58,29
33.48
S1.73
28,07
35.76
$8.96
29.56




Substance Coneen- Do g A - P

tretion
Lavoris 20% <999 - 27.31
» 4% .998 1.81 41.15
" 2% 989 2.06 46.19
Listerine F.S. «966 1.580 32 .26
. 20% .995 1.66 7.4
. 4% .998 1.60 36 .38
» 2% ' 1.00 1.564 %5.08
Pepsodent F.S .998 1.45 21.94
. 20% .999 1.8 40.97
" 4% 999 2.10 48.90
" | 2% 1.09 : 1.86 45.45
Zonite F.8 33 1.78 44.6
" 20% 1.02 2.40 55,77
» 4% 1.01 2.60 59.82

B. For determining the adsorptioned value of an orsal
entiseptic as & mouth wash it wes neeessary to have humsn
subjects. The subjects were told the purpose of the ex-
periment. Consent wes given on condition that the names
of the baeteris, and the bacterisal count would not be
~mentioned. Therefore names of the bactéria found &nd
their counts shell not be given becsuse of the trust.
Compseretive adjeetiveé shall be used instesd, &s &n in-

dication of the effectiveness:

Procedure: '1. 80 ce of 8 1 to & solution wes mede

of 811 the sntisepties; good for four mouth washings, of




20 ec each.

e A'eulture was taken from esech subjects mouth
with a sterile epplicator, before each washing.

3. The culture wses placed on &n sgar media, placed
in an incubstor, and incubasted for 48 hours.

4. The growth was determined &t the end of 48 hours.

5. The orgl sntiseptic was held in the mouth for
two minutes, then ejected.

6. The mouth was washed.hourly.

7. PFasting was observed during the entire four
hours.

A day elapsed before group B, of the antiseptics could
be tested. It was impossible to have the subjects present
on the following day, and}also because some of the solu-
tions irritaeted the subjects gums.

Technique,

The spplicators were sterilized in geas hested oven
for an hour, snd sesled in sterile envelopes. l
The ager medis, wés made by dissolving 31 gm. of Agar
in 1 liter of hot distilled water. Then poured into 6
ineh test tubes. The tubes were then placed into an
gutoclave steam sterilizer, et 150° C. end 25 1lbs. pres-
sure., The test tubes were sesled by & cotton wad, and
sterilized by holding it over en open flame. The
ineubstor wes electricslly heated, and regualted, for

33° ¢, U.S. Dept. of Publie Heslth, technique was followed

in genersl,

=




Table IT

(Sub.)Subject; (Con.)Conecentration; (A.S.)Amount of sol-
ution in ee.; (T.S.)Time solution held in mouth in minu-
tes; (Cul.)Culture No. 1 hr., interval; (Grow.)Growth;
(Eff.)Effectiveness.

Sub. Substance - Con.  A.S.  T.S. Cul. Grow. Eff.

A Pl %+ Control
Pepsodent 25% 20 2 P2 + Not not-
' icesble
% e . 4 9 » P3 +  Fewer
‘g'l g . " i . P4 + Less
% " " " . v P5 + Least
E B | Hl + Control
L " Hexyl Res- 25% 20 2 H2 + Slightly
. " eorcix:ol B X 4 2l . g:itemed
: . e " b " He + Grestl
B reduce
: " ¥ 59 . . H6 +  Pewer
li c ' ZI + Control
"  Zonite 25% 20 2 %2 +  Pew
: . » " " " 23 + Least
& " " " " " mh oop T aae
P " . " " SRR +  Pewest
L\ D Li + Control
F "  Listerine 25% 20 8 12 '+ Ssme
" v ” " o L3 +  PFewer
| " " " . 2 Lsa + Fewer
" ;' . " . Ld ¥ Same




Group B.
Snb. Snbstanee Con.
A

"

Glyeo Thymo= 25%

line
" "
" "
’  d w
Lavoris 25%
" "
" "
; n "

antiseptie Sol. 25%

" "
" n
» n

Hydrogen Per-

oxide
. 25%
" o
" "
" "

A.s.

20

"

T.5,

"

_. Means that baeteria were present,

Cul.

Gl
G2

G3
G4
G5

Rl
R2
R3
R4
Rb
Al
A2
A3
id
A
01

0e
03
04
05

nv..,

Grow. Eff.

+ Control

. SanoA

<+ Fewer
+ Same

+ Slightly
reduced

+ Control
+ Same

+ Fewer
+ Less

+ Same

+ Control
+ Seme

+ Fewer .
+ Same

+ Less

+ Slightly

+ Fewer
+ in

+ esaeh

Fx - culture

Cultures HS and PS5 show the least amount of bacteria

over the control. Cultures A2 and AS show a reduction
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over the control. In genersl gll cultures show & redue-
tion over the control.

Cultures of series P, H, and Z, showed fﬁe leust
bacteria growths., The baeteria present in some cecontrol
cultures had entirely disasppesred in the later ones,
showing by experiment the germicidal and sdsorptive effeec-
tiveness of the solutions.

C. The combined results show that an oral antiseptie
must not only have & low surfece tension, but that it
must slso have & high germicidal coefficient.

Hydrogen Peroxide for instance has a mueh lower sur-
face tension and a mueh lower germieidasl coefficient than
Zonite.

Lavoris end Pepsodent have a surface tension nearly
glike. Therefore both must have penefrated to the same
depths. Allowing the rate of diffusion and of adsorption
to be the ssme for each; it would be expeected to get fhe
seme germicidal coéffiéient, whieh however, was not the
case, as each was different. sssuming the bacteris with-
stood the chemiezl reasciton within its protoplasm of the
former but not of the lstter. Or possibly there was &
chemicel resction between the organic metter in the mouth,
and the antiseptic. This proves that the chemical or
chemicals in Pepsodent sre more injurious to bacteria, &nd

more steble, then those of Lavoris. If not the bacterisa
would have survived and kept on multiplying as in Lavoris.
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However, it is not entirely feir to make this comperison
as a different subjeet is involved with each orﬁl anti-
septiec. The physical development of the bacteris could
have been different in esch case even if they were the
same type.

The following antiéeptics were used in the order
nemed, by the same subject on alternating days: Zonite,
Antiseptic Sol. N. F., end Hydrogen Peroxide, therefore
it is & better comparison. The second snd third have
lower surface tensions then the first, the third is
lowest., As germiecides they rank in the following order:
Zonite, first; Hydrogen Peroxide, second; and Antiseptié
Sol, N. F.; third; agein proving that the constituent che=-
mieals in the antiseptic constitute an importent part in
the orsal entiseptie.. And that surfaece tension and jit-
fusion of the entiseptic into bacteria slone will not
kill the bacteria, it must be the chemical that sets up
an injurious resction to the baeteriss' protoplasm,
that decides the germicidel effectiveness of aﬁ oral
antiseptic to a large extent.

Pepsodent and Hexyl Resorcinol showed that they have
within their solution the combincd requisites, low sur-
face tension, high adsorption, chemiesal stsbility, and
high germicidel properties. The former is an &leoholie
solution which would imply thst the chemicsl constituent
is not a surfsce tension reducent; but that the slcohol

'is added ss 8 surfsce tension reducent. The latter is




T

<WTW‘?‘:{!~' o em il

e N Y N ey o g R el P T 7 toatr e N T

TR Ll TSy

W-:u?- S e i

an equeous solution which implies that the chemical
constituent itself is & surface tension reducent and a
strong germicide. All the solutions esre slcoholiec
except the following: Hydrogen Peroxide, Hexyl Resorei-
nol, and Zonite.

D. Getting uniform caﬁillary rise was experienced with
some of the solutions, with an oil and sleohol contenf.
which may have been due to ionization, or some other mole-
eulsr, or physical rezetion. The reading of the plane
surface and meniscus was also difficult &t times, and in
order to have preater accurescy, the spparatus would have
to be improved for this difficulty.

There is still mueh to be investigated in the ad-
sorption theory. Why is it thet some bacteris e¢an with-
sténd one germicide and not snother, even if the surfsace
tension is low? Why some germicides can kill the bacteris
in a wesk qolution'and not in a highly conecentrsted solu-
tion?

In order to get good adsorption, it is the writers'
belief that it Qight be useful to ssponify the orgenie
substances in the mouth. This would leave the surfeace
clean end more free of organiec ggtter. The entiseptic
would then not be rescted upon to the same degree by
the remeining orgsnie substeneces, snd the germicidsl
effectiveness would inerease sccordingly, s it would
penetrste deeper, snd would be zdsorbed more.

There sre many phases of this problem to be inves-
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tigated. Researech must be carried on until & solution
or substence is found that will overeome &all or most of
these obstacles. The problem is large, and important‘
because it involves living matter, and the well being of
man. It has been proven by experiment that & good orsl
entiseptic in order to be effective should have these and
other properties: 1. A low surface tension. 2. High
penetrating power. 3. High sdsorptive power. 4. High
germicidal power.

The best way to keep down the bacterisl content of
the mouth would be by brusking the teeth and gums regu-
larly end using & good oral antiseptiec after it; so &s

to disinfect the surface, of the mucuous membrane.

Deo Gratie,
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