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BACTERIOLOGICAL INVESTIGATIONS ON 

SOME MODERN MOUTH DISINFECTANTS. 

T H E city o£ Lemberg being alarmed by a severe epidemie 
of scarlet fever in the year 1908 the local sanitary authorities 
endeavoured to discover what preventive measures might be 
commonly adopted both in families and schools. Professor Dr. 
Raczyński drew the attention of the sanitary commission ta 
formamint, the use of which had been strongly advocated by 
Dr. Meredith Young 1 * and others. It was accordingly 
resolved to submit this, and some other new drugs, to 
bacteriological investigation. Entrusted with this task by 
Professor Dr. Kucera (to whom I am greatly indebted for 
many kind suggestions), I decided to Jimit my inąuiry to two 
newly-introduced methods—namely, antiseptic lozenges 
(formamint) and antiseptic spray (pyocyanase). 

Although the naturę of the great majority of infectious 
diseases which threaten the child of school age is not known, 
there is no donbt about the bulk of contagion being trans-
mitted through the mouth or nose. This seems to be the 
case even with the acute exanthemata, where, amongst other 
proofs, we see inflammation of mucous membranes precede 
the cutaneous symptoms. A really effective method of dis-
infection of the mouth, nose, and pharyns must be, there-
fore, considered as a most powerful preventive against a 
whole series of maladies. 

Amongst methods hitherto in use for this purpose I 
omitted gargling, in the first place, because it does not 
affect the pharynx, at least as it is commonly used and as it 
can be taught to school children ; and, in the second place, 
because very exact investigations of Rosę a have shown that 
really strong gargles irritate the mucosa too much to be used 
for hygienic or preventive purposes. Swabbing and douching 
are said to act very strongly, but, on the other hand, they 
reąuire too much practice to be greatly employed outside 

* The superior figures throughoufc the article refer te the bibliography 
at the end. 
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hospitals. On the contrary, lozenges seem to be an ideał 
method from the purely technical point of view. Dr. Young • 
has insisted on their merits so exhaustively that there is 
nothing to be added. The process of spraying, mentioned 
aboye, presents seyeral well-marked adyantages, two of 
which are that it requires no special training and covers very 
accurately the whole surface of both mouth and pharynx. 

A.—FORMAMINT. 

If we omit purely clinical observations, there has not been 
as yet much written on the subject. Rheinbold n and Daus 4 

simply state that "formamint saliva" (i.e., saliva taken 
immediately after sucking of formamint tablets) deyelops 
a distinct bactericidal action ; moreoyer, they do not care to 
giye morę exact quantitative calculations than those expressed 
by the terma " m a n y " and " f e w " colonies. Jaenicke • 
published Loewenthal's observations, according to which five 
formamint tablets destroyed actiye moyements in the case of 
bacillus fusiformis, spirillum sputigenum, and endamceba 
buccalis. Reissner8 was the tirst who endea\£>ured to 
estimate numerically the action of the drug. He gargled 
with tepid pump water and poured it afterwards into a 
sterilised glass yessel, from which a sample was taken on a 
loop of platinnm wire and inoculated on agar plates. Colonies 
were counted after 24 hours' cultivation at the ordinary (!) 
temperaturę. This procedurę was repeated at intervals 
of from two to ten minutes after sucking formamint 
tablets, the number of which was not stated. Three 
experiments of this kind showed reduction of the initial 
number of colonies to one-half after two minutes and to one-
seyenth after from flve to seyen minutes. Reissner also 
prepared several tables illustrating the action of formamint 
in nitro on different species of bacteria; as he does not, how-
ever, mention the method used, the description of this part 
of his work is incomplete. Meredith Young's article l on the 
subject will be remembered by the readers of T H E LANCET ; 
I shall therefore give only a brief summary of the results as 
far as they touch the bacteriological side of the question. 
Two experiments with formamint were madę on a young 
healthy clerk whose bacterial flora amounted to 300.000 
microbes on a swab with which the mucosa of the throat was 
touched on seyeral consecutiye " c o n t r o l " days. In the ftrst 
of these the swab taken immediately after one tablet had 
been sucked was sterile; after ten minutes there were 35 
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microbes on the swab ; and after 30 minutes there were 150 
microbes on it. In the second experiment the man sucked 
two formamint lozenges—one every half-hour—and then 
gargled with sterilised water. The results were that the 
samples taken from the anterior faucial pillars showed 7500 
colonies before the experiment and 80 colonies after it, while 
the samples from the posterior pharynx showed 965 colonies 
before the experiment and 80 colonies after it. 

As to the details of the method, the swabs used were of 
-constant size; they were. brought into contact with the 
mucosa under possibly constant amount of pressure ; each of 
them was immediately packed, labelled, and sent for exami-
nation to Professor S. Delepine who, after dilution of the 
initial sample in sterilised water, not only counted all 
colonies grown on agar plates at 37° C., but also determined 
the number of colonies belonging to some particular species, 
including staphylococcua pyogenes aureus, staphylococcus 
pyogenes albus, streptococeus, and micrococcus tetragenus. 

Proceeding to new investigations, the first ąuestion I 
endeavoured to answer was, To what extent, and in how 
strong concentration does formaldehyde (i.e., the disinfecting 
component of the drug) act in nitro as a disinfectant in 
hiiman saliva? For this purpose I madę a series of experi-
ments from Oct. 3rd to 15th, 1908. 1 collected in a sterile 
glass from 6 to 8 cubic eentimetres of my own saliya, and 
inoculated a sample of it in the manner described further 
on. Then I distributed the saliya in seyeral tubes, 1 cubic 
centimetre in each, and added to each of them a different 
dose of formalin, except for one tubę in which the saliya 
was left in the natural state. All the tubes were immediately 
placed in a thermostat at 37° C., and samples therefrom were 
taken at certain interyals and inoculaterl. To nrevent 
«yaporation of the formaldehyde each tubę was covered 
with a closely fitting glass cap. In two instances where I 
gave a formamint tablet instead of formalin, it was ąuickly 
pulyerised in a stenie mortar and the tubę was thoroughly 
shaken before taking each sample. lnoculation was executed 
by diluting 0 - 05 cubic centimetre of saliva in 5 cubic 
eentimetres of physiological salt solution, and taking there
from another 0 • 05 cubic centimetre for addition to ascites 
fluid, which mixed with an equal portion of agar liquefied at 
45° C , was poured out on plates and kept at 37° C. for 24 
hours. 

In order to be able to compare the value of the disinfecting 
action in different experiments I took the number of colonies 
in 1 cubic centimetre of saliva in the first proof (before 
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adding formalin) as = 100, and then calculated percentage 
numbers, showing the increase or diminution of the microbes,. 
as had already been done by Rosę.2 The results in 
" control " tubes (without formalin) were as follows :— 

TABLE I. 

Oet. 5tb .. 
„ 7th .. 
„ 15th .. 

At the 
beginning. 

100 
100 
100 

10 min. 
later. 
198 ... 

93 .. 
61 ... 

30 min. 
later. 

... 106 ... 

... 152 ... 
93 ... 

60 min 
later. 

.. 132 
... 167 

51 

The absolute numbers at the beginning were respectiyely : 
12,578,000, 30,976,000, and 35,360,000 colonies from 1 cubic 
centimetre of saliya. 

The figures from tubes to which different doses of 
formalin were added are ranged below according to 
decreasing ąuantity of the disinfectant:— 

Datę. 

et. 5th 
i , >i 

„ 15th 
„ 5tb . 
., 15th 
i * •< 

.. 7th 
u 

Dose of 
formalin. 

.. 0-05 
.. 0-025 
.. 0'025* 
.. o-oi 
.. 0-005 
.. 0-005* 
.. 0-001 
.. 0-0005 

TABLE II . 

Percentage of microbes [eft al 

Immediately 
after adding 

formalin. 
24 

... 56 
6 

64 
45 
40 

... 104 

... 111 

10 min. 
later. 
006 .. 
0 
o-oi ... 
0-09 ... 
014 

12 
43 
62 

* In a tablet. 

30 min. 
later. 
0-OJ . 
0-01 . 
O-0T . 
003 . 
0 
1-5 . 

90 
80 

ve— 

60 min 
later. 

. 012 
. 0 03 
. 0 

004 
. 0 
. 0-2 
. 39 
. 48 

As repeated microscopical inyestigations showed that the 
character of the microbic flora in my saliya was fairly 
uniform, somewhat marked differences between the figures 
from Oct. 5th and, say, 15th are to be attributed chiefiy to 
differences in the antiseptic action of the saliya itself 
(Clairmont7). Experiments with formamint tablets were madę 
by adding one tablet ( = 0 0 2 5 formalin) to 1, or to 5 cubic 
eentimetres of saliya, and they show an inferior antiseptic 
action as compared with corresponding ąuantities of pure 
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formalin. The real volume of saliya in which a formamint 
tablet is dissolved during actual sucking in the mouth can be 
estimated to be 25 or 30 cubic eentimetres. Accordingly, the 
first experiment on Oct. 7th (0 001 formalin in 1 cubic 
centimetre of saliya) would be nearest the natural conditions ; 
but the figures—104, 43, 90, 39—ought to be somewhat 
inereased (see above), and the antiseptic action, as estimated 
from experiments in miro, would, therefore, not even equal 
an ayerage of 40 per cent. in the first hour. 

Repeated tests on the living subject, carried out on the 
same lines as in Dr. M. Young's experiments, gave contra-
dictory results, which is easily understood, taking into 
account the rather weak action of the drug and the some
what rough method. It is, for instance, impossible to 
«nsure eyen an approsimately constant amount of pressure of 
the swabs on the mucosa. I adopted, therefore, a morę esact 
method—namcly, that of Millcr-Rose (Rosę),3 which I 
modified in some details. With two healthy indisiduals 
(A = the author, and B = a school-boy 15 years of age), the 
bacteria contained in the saliva " normally " (i.e., without 
any drugs) were inyestigated, six or seyen samples being 
taken at certain interyals during two or three hours. The 
whole daily curriculum of both individuals was carefully 
regulated, and especially during the test period of two or 
three hours all the appreciable conditions were kept equal. 
As taking meals and speaking aloud are known to reduce the 
amount of microbes in the cayity of the mouth each 
indiyidual abstained from both eating and speaking during 
the whole period. With A the first sample was taken 
three-quarters of an hour after breakfast, and with B one and 
a half hours after tea, both meals being carefully regulated 
as to both quality and quantity. This proof is to be found 
under C ( "eont ro i " ) in each series. The second proof 
followed after 15 minutes, and as it corresponds in the 
"formamint " series to proofs taken immediately after suck
ing the first tablet, it is designated as 0. The following 
interyals are—15. 30 minutes, 1 hour, 2 hours, and 3 hours 
after 0. 

Mi)ler-Rose's method of taking proofs, which consists in 
gargling with an " indifferent" liquid (peptone, Witte, 1-0, 
chloride of sodinm 5 - 0, and distilled water 1000 • 0), was, 
after two comparatiye experiments, found to be not morę 
esact than a materially simpler way, which I therefore 
adopted. Proofs were taken by spitting about two cubic 
eentimetres of saliva into a sterile tubę, care being taken to 
•ayoid all forcible action of the respiratory or chewing 
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muscles. From this I took 0-05 or 0-01 cubic centimetre of 
saliva and diluted it once or twice in physiological salt solu-
tion imtil the agar and ascites plate inoculated therewith 
contained from r J a t h t o Tj'«ath of the initial materiał. The 
plates were kept at 37° C. for 24 hours, and the colonies. 
were counted afterwards with the help of a microscope and 
a counting plate. This procedurę limits, it is true, our 
investigation to the anterior portion of the cayity of the 
mouth, but, on the other hand, as in the " formamint series " 
the tablets were held justin the same portion during sucking, 
there is fuli eyidence that our method detected the action of 
the drug in favourable conditions. The table below shows-
the results expressed (in the same way as above with experi-
ments in ritro) in percentage figures :— 

Prr&on. 

D a t ę . 

Ocfc. 29th . 
„ 31st . 

N o y . 7th .. 
„ 30th .. 

Dcc. 2nd .. 
,, 4th .. 
„ lula. .. 
„ 6t.h .. 
„ 7th .. 
,, 8th . 

Werage 

1. 
C. 

.. 100 . 
. 100 . 
. 100 .. 
. 100 . 
. 100 . 
. 100 . 
. 100 . 
. 100 .. 
. 100 . 
. 100 . 

. 100 

0 
m i n . 

.. 151 . 

.. 138 . 
. 236 . 
. 124 . 
.. 58 . 
,. 131 . 
.. 248 . 
. 120 . 
,. 138 . 
.. 371 . 

171 

TABLK III. 

15 
m i n . 

.. 137 

.. 187 
. 173 , 
,. 185 , 
.. 197 
.. 187 
.. 617 
.. 319 
.. 114 
.. 384 

250 

30 
m i n . 

... 160 ... 

... — ... 
.. 153 ... 
.. 296 ... 
... 39 ... 
... 681 ... 
.., 213 ... 
... 70 ... 
... 103 ... 
... 471 ... 

242 

1 U. 

89 .. 
168 .. 
433 .. 
376 .. 
109 .. 

1181 .. 
578 .. 
230 .. 
237 .. 

1139 .. 

454 

2 h . 

. 169 . 

. 334 . 
. 386 . 
. 737 . 
. 232 . 
. 818 . 
. 469 . 

. — . 

. 222 . 

. 1189 . 

Ł06 

3 h . 

.. 416 

.. ,£72 
.. 546 

— 
.. — 
.. — 
.. 1181 

-i 
.. — 
.. 1344 

812 

Average-
0-3 b . 

... 185 

... 279 

... Sil 

... SIU 

... 107 

... 600 

... SS1 

... 1S5 

... m.i 

... SIO 

iH 

The absolute numbers of the colonies, calculated for \ 
cubic centimetre of Faliva, are in the column C respectively : 
6,336,000, 8.832,000, 6,000,000. 5,715.000, 5 900,000, 
1,600,000, 2,300,000, 6,000,000, 12,200,000, and 3,800,000. 

Person B. 

D a t ę . 

Dec. 14tU .. 
„ 21st .. 
„ 31st ... 

J a n 6 t h 
„ l l t h ... 

C. 

. 100 

. 100 
100 
100 . 
100 

TABLK IV. 

0 m i n . 15 m i n . 30 m i n . 

... 120 ... 75 ... 77 .. 

... 104 ... 190 ... 28 .. 

... 27 ... 123 ... 155 .. 
36 ... 114 ... 135 .. 

.. 45 ... 35 ... 47 .. 

l h . 

. 215 
. 20 
. 200 
. 85 
. 24 

2 h . 

... 74 

... 30 

... 196 

... 14} 

... 60 

Averago-
0-3 hr . 

... UJ 
... H 
... M 
... 103 
... tf 

Average ... 100 66 107 88 109 100 Ok 
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The absolute figures, relating to column C, are: 92,800,000, 
49,200,000, 27,500,000, 17,500,000, and 50,700,000. 

By these results Rose's conclusions are corroborated, 
according to which simple eyaluation of bacteria-rate 
" b e f o r e " and " a f t e r " taking a drug would not be suffi-
ciently exact for our purpose. With Person A, for instance, 
we see that the amount of microbes is rapidly growing 
during the obseryation period ; any somewhat weak anti
septic action would, then, not be detected, the results show-
ing us morę microbes " a f t e r " in spite of the drug. Now, 
if we compare the aboye " n o r m a l " ayerages with corre
sponding ayerages from days in which the drug was taken, 
we shall detect the microbicidal action even where it simply 
consists in limiting the growth of bacteria-rate. 

Now I proceeded to the formamint series. The first type 
of them (carried out with A only) consisted in experiments 
madę in exactly the same way as above, with the unique 
difference that during the whole interyal between C (control) 
and 0-proof two formamint tablets at once were sucked and 
swallowed. The results are to be seen in the table below : — 

TABLE V. 

Datę. 

Ocfc. 28th .. 
Noy.llth ., 
Dec. lOtu . 

,, llfch . 
„ 14th ., 

Ayerage .. 

C. 

. 100 . 
„ 100 . 
.. 100 . 
. 100 . 
. 100 . 

. 100 ., 

0 
min. 

.. 136 .. 

.. 196 . 

.. 275 . 

.. 144 . 

.. 44 . 

. 159 .. 

IS 
min, 

. 209 . 
.. 95 . 
.. 200 . 
.. 126 . 
.. 88 . 

. 144 ., 

30 
min. 

.. 112 .. 

.. 317 .. 

.. 150 . 

.. — . 
.. 378 .. 

. 839 .. 

l h . 

. 297 .. 

. 95 ., 
,. 2375 . 
,. 365 . 
. 255 .. 

. 677 .. 

2h . 

. 320 ., 

. 356 ., 
.. 2925 . 
.. 2470 . 

0 ., 

. 1254 .. 

3h . 

. — , 

. 473 . 
,. — 
.. — . 
. — . 

Average 
0-2 hr. 

.. m 

.. SBS 
... 118& 
.. 778 
.. 19S 

.. 4.95 

The absolute figures relating to column C are 4,672,000, 
5,375,000, 400,000, 5,700,000, and 900,000. 

Compared with the ayerage figures from the " normal" 
series, the aboye table shows the following differences, the 
modę of calculation being as follows. I took each of the 
ayerage numbers of Table III . as = 100, and calculated for 
such case the relatiye yalue of corresponding ayerage figures 
in Table V. The differences (— = below 100, -f = aboye i t ) 
represent the amount of microbicidal action in the given 
moments of the obseryation period. For instance, Table III . , 
column 0, ayerage 171. If we take it = 100, the corresponding 
figurę of Table V. (159) will amount to 93. Difference, — T. 
Conclusion : the drug deyeloped, immediately after sucking, 
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a microbicidal action of 7 per cent.—i.e., killed 7 per cent. of 
the bacteria. C, + 0 ; 0 minutę, — 7 ; 15 minutes, — 42 ; 30 
minutes, — 1 ; 1 hour, + 49 ; 2 hours, + 147 ; ayerage 
(from 0 to 2 hours), + 52. After a short period of anti
septic action, there is, then, an absolute disappearance of 
this action about half an hour after swallowing, followed by 
increased growth of bacteria, which amounts, after two hours, 
to nearly 150 per cent. of the normal ratę. This somewhat 
paradoxical rcsult can be understood when compared with 
similar phenomena observed by Róse 2 after gargling with 
some liquid mouth disinfectants. This author demonstrated 
that some strong disinfectants lower the yitality of the 
epithelium of the mucous membranę, and thereby produce, 
after a short period of a decreased ratę of bacterial growth, 
conditions morę favourable to bacterial growth than before. 
I felt, therefore, authorised to consider the dose of two 
tablets (at least for A) as too large a one, and gave, in the 
subsequent series, smaller doses (one tablet each), repeated 
at intervals of half an hour. Tablets were held in the mouth 
as long as possible (by A for 15 minutes and by B for from 
5 to 8 minutes), the second inoculation was madę, as 
aboye, immediately after the first dose, consecutioe inocula-
tions, on the contrary, inasmuch as they coincided with taking 
of tablets (i.e., at 30 minutes, 1 hour, and 2 hours) before 
the latter, so that instantaneous effects of formamint are 
registered in the column 0 only. A took during three hours 
six tablets, and B took during two hours four tablets. The 
results with A (calculated as aboye) are shown below : — 

Data. 

Noy. 8th 
„ 19th 

Dec. 9th , 
„ 12th 
„ 13łh 

0. 

... 100 

... 100 
.. 100 
... 100 
... 100 

0 min. 

... 50 . 
... 285 . 
... 91 . 
... 300 . 
... 191 . 

TABLE VI. 

15 min. 30 min. 
.. 97 ... 67 ... 
.. 157 ... 217 ... 
.. 139 ... 139 ... 
.. 150 ... 437 ... 
.. 83 ... 375 ... 

1 h. 
318 . 
260 .. 
191 . 
362 . 

25 . 

2h. 
.. 226 . 
.. 482 „ 
. 117 . 
,. 437 . 
,. 150 ., 

3 h . Ave,rąge 

.. 195 ... 159 

.. 1270 ... U3 

.. 717 ... 232 

.. 137 ... ::o/, 
. 341 ... 1% 

Ayerage ... 100 ... 183 ... 125 ... 167 ... 231 

The absolute figures relating to column C a r e : 9,600,000, 
1,600,000, 2,300,000, 800,000, and 1,200,000. 

The differences from the " n o r m a l " series (calculated as 
above) a r e : C, + 0 ; 0 minutę, + 6 ; 15 minutes, — 5 0 ; 
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30 minutes, - 3 1 ; 1 hour, - 49; 2 hours, — 44 ; 3 hours, 
— 15; cmerage ( 0 - 3 hours — SĄ—i.e., bactericidal action 
does not, on the ayerage, rise higher than 34 per 
cent., whereas its maxima amount to 50 per cent. If we 
consider that there were, on the ayerage, at the end 
of the obseryation period, about 13,000,000 bacteria in 
1 cubic centimetre of saliva still aliye, such a degree of dis-
infection can hardly be of any practical yalue. Besides, we 
see at the end of some series (Ńov. 19th, Dec. 9th) consider-
able growth of microbes, from which it seems to follow that 
eyen with smali, repeated doses of the drug there can be 
mucosa irritation, by which bactericidal action linally turns 
into its reyerse. 

TABLE VII. 

Person B. Average 
Datę. 

ec. 23rd ... 
m. 3rd 
„ 6th ... 

Ayerage . 

C. 
100 
100 
100 , 

.. 100 

0 min. 

... 117 

... 61 
.. 239 . 

106 

15 min. 

... 97 .. 

... 71 .. 

... 107 .. 

92 

30 min. 

. 76 ... 

. 64 ... 

. 140 ... 

93 

lh. 
108 . 
82 . 
61 . 

84 

2h. 
.. 18 
.. 53 
.. 81 . 

51 

0-2 h. 

... 83 

... 66 
.. 126 

92 

The absolute figures relating to column C are 39,200,000, 
35,000,000, and 12,700,000. 

The differences from the ayerage " n o r m a l " figures (cal-
eulated as aboye) are : C, + 0 ; 0 minutę, + 6 1 ; 15 minutes, 
— 14 J 30 minutes, + 5 ; 1 hour, — 2 3 ; 2 hours, - 49; 
avcra*je, — 2 : an inconstant, and, on the ayerage, very weak 
action. 

The reason of the difference shown by B, as compared with 
A, seems to consist, at least partially, in the fact mentioned 
above, that B was unable to hołd the tablets in his mouth, as 
a rule, eyen half as long as A, whereby naturally the dura-
tion of the drug's action on the contents of the mouth was 
•considerably limited. This was the case, though I neyer 
omitted reminding B of the necessity of tablets being held as 
long as possible. There is eyery probability that with 
younger children the duration of tablet sucking would be 
still shorter in accordance with the smaller degree of will 
power and the smaller degree of ability to concentrate the 
attention. It follows, then, that just within those age limits 
where formamint should do the greatest services we are 
•entitled to anticipate still weaker effects. 

Rosenberg8 proved, it is true, the presence of formaldehyde 
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in the blood after a formamint tablet had been sucked ; thus-
one lozenge might act eyen after being completely swallowcd. 
If, howeyer, the concentration of aldehyde in the blood were 
sufficient to be taken into account, its action would be detected-
in the later stages of our obseryation period. 

To the aboye conclusions an objection might still be madę 
—namely, that bacteria which were left alive might belong 
to some morę resistant species. This I partially prevented 
by using ascites-agar. We know that on ascites-agar a 
series of morę delieate species (micrococcus meningitidis, 
gonococcus, pneumococcus, &c.) find better conditions of 
growth, whereas ordinary, morę resistant saprophytes grow 
thereon worse than on pure agar. Besides, I proceeded to 
definition of species. Unfortunately, we do not possess as 
yet methods suited to define the species of each colony on 
fairly densely inoculated plates. I could, therefore, do no-
morę than (1) direct my attention when counting the colonies 
constanrly to their morphological characters ; and (2) 
examine microscopically a series of proofs belonging to-
colonies which seemed to represent different species. With 
Person A I found in the series with six tablets from Noy. 8th 
in all the plates an oyerwhelming majority of streptococcus 
pyogenes. There were also a few colonies of bacilli belong
ing to the subtilis group and a species of Gram-positiy& 
micrococcus. In a series of the same kind from Nov. 19th 
on all plates only streptococcus was found, exoept one 
(0 minutę), in which, on four colonies inyestigated, 
two belonged to pneumococcus. With Person B in the 
series from Jan. 8th (four tablets) in all plates almost 
exclusiyely micrococcus catarrhalis was found. Of othef 
species we saw a few pneumococci, streptococcus pyogenes, 
and yery smali numbers of saprophytes (namely, G-rani-
positive large micrococci, and very rarely bacilli belonging to 
the subtilis group). As far as can be seen from the aspect 
of colonies, the bacterial flora of the other series must hava 
been of much the same composition. There is, consequently, 
no reason to belieye that the bactericidal factor had any 
particular difficulties to beat, as colonies of morę resistant 
species (spore-producing bacilli) formed everywhere a vanish' 
ing minority, and were often totally absent. Neither was 
there any evidence of the so-called "selective" actioti (by 
which certain species are killed or have their growth limited 
and others are spared) ; the flora of the last plates in a series 
had the same character as that of the first of " control" 
plate. As to Person B, the aspect of the immense majority 
of the colonies (especially the superficial ones) cultiyated 
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from his saliya was that of micrococcus catarrhalis, alike in 
the times of perfect health and during slight catarrb. of the 
nose. It is conformable with the obseryations of Arkwright,* 
who did not find micrococcus catarrhalis morę frequently in 
the uoses of persons suffering from catarrh than in normal 
noses. 

Conolusions.—1. Formaldehyde deyelops in.vitro, in certain 
concentrations, a strong bactericidal action on the flora of 
the saliya of healthy individuals. In concentrations, how^ 
ever, which can be considered as nearest to natura! con
ditions with formamint tablet sucking, its action is weak. 
2. Inyestigations carried out in the living subject giye 
similar results. In the first place, after a large single dose 
of formamint (two tablets) there is a transitory bactericidal 
action, followed by a considerably augmented growth of 
bacteria in the cayity of the mouth. In the second place,. 
with smaller, frequently repeated, doses (sirjgle tablets at 
one and a half hours' interyal) the growth of bacteria is no 
doubt lessened, but only to an extent to which hardly any 
practical yalue can be attributed. 

B. —PYOC YANASE. 

Emmerich and Loew 10 saw that in mixed bouillon cultures 
which contained mostly bacillus pyocyaneus, the sediment as-
well as the superficial film (both composed of bacteria) dis-
appeared after long standing. They attributed this to 
bactericidal ferments, acting not only upon the species which 
produced them. Further inyestigations corroborated this 
supposition. Old bouillon cultures of bacillus pyocyaneus, 
separated from bacteria and their residues and brought by 
evaporation to one-tenth of their initial volume, gave a liquid 
containing seyeral proteolytic enzymes (nucleases); these 
observers named it pyocyanase. According to quite recent 
inyestigations (Schapiro1 1) a number of bacterial species can-
be divided into three groups in accordance with their 
susceptibility to the action of pyot yanase. The liquid 
acts strongly on bacillus diphtheria3, bacillus pseudo-
dipbtheria;, xerosis, vibrio cholerse, streptococcus pyogenes, 
pneumococcus, gonococcus, meningococcus, bacillus fsecalis 
alkaligenus, and bacillus dysenterise (Shiga). An intermediate 
position is occupied by bacillus typhi, bacillus paratyphi A, 
staphylococcus pyogenes aureus, micrococcus tetragenus, 
and bacillus pneumoniŁe (Friedlander). A weak action is 
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•developed against bacillus coli, bacillus paratyphi B, and 
bacillus enteritidis ; whereas bacillus pyocyaneus, bacillus 
fluorescens, and proteus find eyen conditions of growth in 
pyocyanase. 

From these observations great adyantages might be 
-expected for the problem of so-called internal disinfection. 
The means which hitherto have been used for this purpose 
in addition to their bactericidal effects, produced morę or 
less pronounced injurious effects on the tissues of the human 
body, whereas the bacteriolytic enzymes, being free from 
this defect, may be applied without fear in proper concen-
tration to the mucous membranes. 

Cl inical and bacteriological inyestigations on spraying with 
pyocyanase in diphtheria (Zucker,12 Muehsam 13) encourage 
the use of it together with antidiphtheritic serum. In an 
epidemie of grippe caused by micrococcus catarrhalis, and 
•obseryed in infants at a clinique in Vienna, Escherich and 
Jehle H proved that from 24 to 48 hours after pyocyanase had 
been instilled into the nose there was a total absence of 
micrococcus catarrhalis. Jehle u administered pyocyanase 
by instillation in the course of an epidemie of cerebro-spinal 
meningitis to a series of patients as well as to*' healthy 
" contacts " in whose naso-pharyngeal cavity meningococci 
were found. The meningococci disappeared after one or two-
applications of pyocyanase. 

It is obyious, then, that in seyeral diseases in which the 
mouth and the nasal cayity are unquestionably the only 
•door of infection we may expect favourable results from 
pyocyanase as experience has shown. I do not reler here to 
the technical details of the inyestigations mentioned aboye, 
because they seem to be quite irreproachable, and in this 
respect they form a contrast to much that has been written 
about formamint. The question I proposed to myself was, 
•Can the growth of bacteria in the cayity of the mouth in 
healthy persons be limited by the application of pyocyanase 
in a degree suited for generał hygienic and preyentive 
purposes ? 

The choice of method did not cause any difficulties. In 
order that they might admit of comparison with the previous 
inyestigations of the action of formamint observations were 
madę on the same person A, and, as a basis for the apprecia-
tion of bactericidal action, the same series of " control" 
«xperiments was used, the results of which are shown above 
in Table III . In the usual course of experiments the follow-
ing changes ensued, as compared with the "formamint 
•series." Immediately before the second inoculation (marked 
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on the table with 0), I madę, exactly in the manner described 
by the inventors, 20 sprayings with pyocyanase in two series 
of ten sprayings each, with an interyal of five minutes 
between them, the utmost care being taken to cover equally 
the whole cayity of the mouth. Each compression of the 
bag was as complete as possible. The excess of pyocyanase 
left in the mouth was spat out. A curious phenomenon 
connected with these cases was intense saliyation, whioh 
lasted over an hour or so. The colour of the two or three 
first samples of the saliya (i. e., until 30 minutes after spray
ing) was greenish. The results (calculated as aboye) are 
ranged below. 

TABLE VIII. 

Datę. 

Dec. 19fch .. 
„ 20th .. 
„ 21st .. 
„ 23rd .. 
„ 24th .. 

Average.. 

C. 

. 100 

. 100 

. 100 

. 100 

. 100 

. 100 

0 min. 

... 11 

... 203 

... 228 

... 170 

... 123 

147 

15 min. 

... 79 

... 405 

... 348 

... 288 . 

... 124 

249 

30 min. 

... 106 .. 

... 99 .. 

... 69 ... 
.. 192 .. 
... 147 .. 

123 

lh. 

. 33 . 

.117 . 

. 391 . 
51 . 

. 214 

161 

2h. 

.. 29 . 
... 271 . 
.. 223 . 
.. 714 . 
... 253 . 

298 

3h. 

.. — 

.. 4291 

.. 520 

.. 1385 

.. 371 

1642 

Ayerage 
0-3 hr. 
... f# 
... S97 
... 296 
... 1,67 
... SOS 

3*3 

The absolute figures relating to column C are : 7,500,000, 
1,650,000, 1,100,000, 2,700,000, and 5,925,000. 

The differences (calculated as with formamint) from 
the " n o r m a l " series shown in Table III . are as 
follows: C, + 0 ; 0 minutę, — 14; 15 minutes, — 1 ; 
30 minutes, — 49; 1 hour, — 65; 2 hours, - 41 ; 
3 hours, + 101 ; ayerage (0 to 3 hours), — 9. In spite 
of considerable oscillations, the bactericidal action of 
the liquid was therefore from 30 minutes to 2 hours after 
the application, a fairly distinct one; in some series, how-
eyer (Dec. 20th and 23rd), the decrease of the bacteria i-ate 
turns during the third hour into ite reverse ; we haye again 
an " irritation," just as in the series with a large single dose 
of formamint (see aboye). 

These results lead me to suppose that, for Person A at 
least, we shall be perhaps ncarcr the optimum of pyocyanase 
action when giving, during the obseryation period of three 
hours, two smaller doses. In fiye ensuing experiments I 
accordingly madę immediately before the second inoculation 
ten sprayings only, whereas ten other sprayings were executed 
at the middle of the obseryation period —i.e., one and a half 
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hours after the second inoculation (between the fifth and 
sixth inoculations). The results are shown below :— 

Datę. C. 

Dee. 3lst ... 100 ., 
Jan. 3r<J ... 100 .. 

„ 8th ... 100 .. 
„ 9th ... 100 . 
„ lOth ... 100 . 

Average ... 100 ., 

T h e absolute 

T A B L E IX, 

0 15 30 
min. min. min. 

. 102 ... 87 ... 100 ... 
. 173 ... 368 ... 370 ... 
. 95 ... 235 ... 93 ... 
,. 31 ... 42 ... 115 .., 
.. 62 ... 32 ... 67 ... 

. 93 ... 151 ... 149 ... 

figures r e l a t i n g 

l h . 

32 .. 
289 .. 
286 .. 
138 . 
81 ., 

185 .. 

t o 

2h. 3h. 

. 62 ... 194 

. 324 ... 352 

. 238 ... 200 
. 50 ... 139 
. 95 ... 49 

. 154 ... 187 

column 

Average 
«-3h. 

... 79 

... Sil 

... 191 

... IS 

... et, 

... 113 

C are : 
15,525,000,7,900,000, 6,200,000, 12,050,000, and 13,975,000. 
Calculated as with formamint, the differences from the 
normal series are : C + 0; 0 minutę, — 46 ; 15 minutes, 
- 40; 30 minutes, - 3 9 ; 1 hour, - 66; 2 hours, - 70 ; 
3 hours, - 77; ayerage (0 to 3 hours), - 66. The 
ratę of the growth of bacteria in the cayity of the 
mouth was accordingly less by from 39 to 77 per cent. (on 
the average by 66 per cent.), as compared with observations 
during which no drug was applied. Contrary to Table VIII., 
the action shows here a fairly constant increase towards the 
end of the obseryation period. Moreoyer, if we compare the 
figures obtained, not to speak about formamint, with those 
giyen by other mouth disinfectants which were recommended 
after inyestigation by sufficiently exact methods (e.g., mouth 
washes, Rdse2), we must consider pyocyanase, when used 
in the way described, as the strongest of them. 

As to definition of species, microscopical inyestigations 
were madę on plates from Dec. 24th, 31st, and Jan. 3rd, in 
the first of these series the bulk of the bacteria being strepto
cocci ; about a quarter of the colonies on all the plates 
belonged to micrococcus catarrhalis. On the two other days 
(Person A had then aslight pharyngitis) an immense majority 
of micrococcus catarrhalis was found ; of other species there 
was only pneumococcus. A " selectiye" action of pyo
cyanase (stronger on some than on other species) was not 
detected. 

We had, then, just as in the preceding observations, a 
bacterial flora of fairly uniform composition. belonging to 
species which resist disinfectants less strongly. Schapiro 1 1 

assigns streptococci and pneumococci to the least resistant 
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•group as regards pyocyanase; he does not, however, 
mention micrococcus catai-rhalis, about which we con-
«lude from Jehle's dissertation u that it is easily killed by 
pyocyanase. I endeayoured, therefore, to calculate the bac
tericidal power of pyocyanase in relation to that microbe, and 
for that purpose used Schapiro's method. To an ascites-agar 
-culture of micrococcus catarrhalis (cultiyated from the mouth 
of Person A) I added 2 cubic eentimetres of bouillon and madę 
an emulsion of bacteria with the help of a loop of platinum 
wire. From this I transferred, with a pipette, 0-2 cubic 
centimetre to a tubę containing 2 cubic eentimetres of pyo-
oyanase, and placed the latter, together with a " eon t ro i " 
tubę (2 cubic eentimetres of pure bacteria emulsion), in a 
thermostat at 37° C. I then inoculated samples from both 
tubes at certain interyals. As to inocnlations, 0 • 1 cubic 
centimetre of well-shaken liquid was diluted in 5 cubic eenti
metres of physiological salt solution, and from this mixture 
the same quantity was again diluted in the same manner. 
From this second dilution 0-1 cubic centimetre was trans
ferred to ascites fluid which was, together with agar liąuefied 
a t 4 5 ° C , poured out on plates. The results (counted after 
24 hours' cnltivation at 37° C. and calculated for 1 cubic 
centimetre of liquid) are given below : — 

TABLE X. 

15 min. 40 min. 1 h. 24 hr. 
4,926,000 ... 7,700,000 ... 7,225,000 ... Impossible 

to count. 
200,000 ... 275,000 ... 175,000 ... 0 
(=4%) (=3X) <=2%) 

The stock now inyestigated proved a little morę resistant 
than the species ranged by Schapiro in his first group. On 
the other hand, it is to be considered far morę sensitiye to 
the action of pyocyanase than Schapiro's second group. This 
fact, together with the results of our experiments in the 
liying subject in which micrococcus catarrhalis was not de-
stroyed by pyocyanase in the course of three hours, lead us 
to conclude that, in spite of the results obtained by Escherich 
and Jehle with infants, we cannot expect a sirailar marked 
action of pyocyanase upon micrococcus catarrhalis in adults. 

Co-nclusions.—1. Pyocyanase sprayed into the cayity of the 
mouth in a large single dose may sometimes, after a 

Bouillon emulsion ... 

it ji ol emulaion in 
pyocyanase 
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fcransitory period of bactericidal action, cause increased 
growth of microbes. 2. When sprayed in smaller, repeated 
doses pyocyanase develops a higher bactericidal action than 
any other mouth disinfectant which has hitherto been recom
mended after exact investigation. Before we can recommend 
pyocyanase, however, for daily use by healthy persons morę 
extensive investigations are indispensable. Snch a recom-
mendation mnst be withheld until the perfect innocuity of 
the liąuid for the mucous membranę of the human mouth is 
proved. Circumstances have unfortunately prevented me 
from carrying out such inyestigations. 
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