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Acceleration of Formol Detoxification of Staphylococcus Toxin
by Adsorption.

J. M. JonLIN.

From the Department of Biochemistry, Vanderbilt University School of Medicine,
Nashville, Tenn.*

The writer has heretofore presented data’ ** which demonstrate
the manner in which various biological products are attenuated by
interfacial adsorption. The adsorption agents chosen have been such
as are relatively inert and can easily be removed after any desired
degree of change has been effected. The present paper includes data
which demonstrate the acceleration of the formol detoxification of
staphylococcus toxint by adsorption processes under various condi-
tions. Johlin and Rigdon* have demonstrated the relative effect
produced on staphylococcus toxin by emulsions of chloroform and
ether as adsorption agents. In the present paper a comparison is
made of the action of chloroform and of emulsified gases, oxygen
and nitrogen, on staphylococcus toxin, both in the presence and in
the absence of formaldehyde.

The attenuation of staphylococcus toxin by emulsified gases is very
much more effective than that of other toxins, for example, ricin,
whose detoxification by emulsified gases has been attempted in this
laboratory.

The emulsification of the staphylococcus toxin and the adsorption
agent was brought about by shaking in sealed pyrex glass tubes by a
mechanical shaking device. When chloroform was used, all notice-
able traces of this substance were removed by subsequent evaporation
under reduced pressure at a temperature below 40°C. To determine
the relative hemolytic activity of treated and untreated toxin, de-
creasing amounts of toxin, 0.5 cc to 0.0001 cc, were diluted to 1 cc
with normal saline in a series of test tubes and mixed with 1 cc of a
2% suspension of the thoroughly washed red blood cells of rabbits.

The relative degree of hemolysis was observed after standing over
night.

* Aided by a grant to the Vanderbilt University School of Medicine from the
Division of Medical Sciences of the Rockefeller Foundation and by a grant from
the American Medical Association.

t Obtained through the courtesy of the Lederle Laboratories.

1 Johlin, J. M., J. Biol. Chem., 1929, 81, 99.

2 Johlin, J. M., Proc. Soc. Exp. BioL. aANp MED., 1937, 36, 523.

3 Johlin, J. M., Proc. Soc. Exp. Bior. AND MEb., 1938, 38, 568.

4 Johlin, J. M., and Rigdon, R. H., to be published.



136 ACCELERATION OF FORMOL DETOXIFICATION BY ADSORPTION

UOT}BIYIS[NUID
Jnoy3im apLy

0 ¢ 0 0 I I 1 I ht H ke 3 ¢ € ] 2 -op[ewoy %Gz’ « 8
0 [ [ I 1 I h e e € 4 2 — - - - s Surpuelgy 1 g1
(urxo} pajearjun)
1 o h e e ¥ 2 i4 i ¥ i 14 — - = = [o13uo) QuoN
- - - - 0 0 0 0 0 0 0 0 0 0 0 0 « P&
- - - = 0 0 0 0 0 0 0 0 0 ¢ 0 0 o &l
—_ = - - 0 0 0 0 0 0 0 0 0 0 0 0 v
- = - - 0 0 0 0 0 0 0 0 0 0 I 1 o ®
-~ = = — 0 0 0 0 0 [ T I @ a 3 g ap£yaprewtoy « o
— - 0 0 T 1 | o & 4 e [3 2 ¥ ¥ ¥ 9%g¢g 3o edudsaxd an T
-— - 0 1 o ¢ th i2 ¥ 4 14 ¥ i i ¥ oy} ur uafoayIN um g
- - - = 0 0 0 T 1 h 3 e e 2 2 2 P
— - e I [ [ @ @ ¢ ¢ i i 4 4 « 8T
e 1 1 h @ ¢ ¢ 2 2 4 2 2 9
- - — — - 1 I 1 Q ¢ ¥ i 4 ¥ i 2 4 o €
- — - — I @ 3 : i4 2 2 i 2 4 2 2 @
-_ - 1 1 ¢ G ¢ & ¥ ¥ 2 4 ¥ {2 i4 ¥ apLyoprewioy T
— ht s : i ¥ 14 ¥ 4 2 4 ¥ i 4 ¥ Inoyim uwadorjiN um (g
- - — 0 0 0 0 0 0 0 0 0 0 0 0 « 3
- - - - — 0 0 0 0 0 0 0 0 0 0 0 0 ¢ 31
- - — 0 0 0 0 0 0 0 0 0 0 0 0 o 9
- - - — 0 0 0 0 0 0 0 0 0 0 0 0 opAyopreutioy o €
- - = = 0 0 0 0 0 0 0 0 0 T T 1 %¢g ¥o eoussaxd 8
— 0 0 0 0 0 0 0 [ 1 T T @ 8 g ay} ur uaforjtu T
— - 0 0 I I 1 [ @ 3 tH 2 ¥ 2 2 2 Jo osaydsownje o 08
- 0 0 0 0 I T I a a K 4 12 4 7 $  ue ul wIoyoIoryp urw ¢
- - - - — 1 1 T o ht : £ i 2 2 2 4 o Pe
-_— - — I 1 b o : ¢ 4 14 ¥ 4 2 2 « 31
- - - - T 1 h ht ¢ 2 2 4 2 2 2 ¥y 9
- - — — 1 I bt o : 4 2 4 ¥ i2 2 4 « €
- = == 1 1 R ¢ ¥ ¥ 12 4 ¥ i 4 i2 apAyapreurioy ¢ &
- - 0 1 I - : e ¥ i4 2 2 ¥ 2 4 ¥ noyym uaorju 1
- - 1 1 h ] £ ¢ 2 ¥ 2 ¥ 2 ¥ 2 2 Jo ateydsounye o 08
— 0 0 1 1 3 € ¢ 4 4 4 i 4 ¥y i 2 ue Ul WIOFOIO) wur e
T000° 000" €000° €000 TO0° G00° €00 ¢0o° TO° SO0 €0 GO0 T F3 ¢ 'S 18y Juowyea ]
s Swifysnuy Jo awt,

20 [ 0} PajufIp uixo} jo 29

‘sade)s LIeIpowniojul 9jeIIpul ¢ pue ‘Z ‘T pue ‘s1s£[oway ou 833BIIPUT () ‘SISA[owrdy ajo[duron sajedrpur  -IPLYIPRULIOF %HCZ" JO doudsard
ay3 ul woSoiju peymsnuwa (p) pue ‘wdBoxu peysmuwd () ‘opLyopremioy 9% ¢g’ o dauvsaxd oY) Ul WLIOFOIOND PAYISNWd (q) ‘UrioForoy»
payisjnwo () Yt oW} Jo spouiad d[qeLIEA JO jUdWIRAL I0}fE UIXO0} snaooao[Lydeys £q s[[99 poo[q pal Jo SISL[OWAY IATIB[AL ],

‘T ATIVL



ACCELERATION OF FORMOL DETOXIFICATION BY ADSORPTION 137

(uixo} pojeoajun)

T I - « H 4 4 12 ¥ v {2 {2 - - - — [0.13u0() QUON
apLyoppewraoy
9%c3" Fo doudsaxd
ay} ut uadLxo
- = - = 0 0 0 0 0 0 0 0 0 0 0 0 Jo ouoydsounje @
- — - — 0 0 0 0 0 0 0 0 T T T T ue ur Wwrojororyp oo T
apAiaprewiog
9%¢g Fo ddussaxd
a3 ur uddoljtu
- — — - 0 0 0 0 0 0 0 0 0 0 0 0 Jo aseydsouwrye (G
— - - — 0 0 0 0 0 0 0 0 T [ T G Uu® Ul wiogororyy o T
uadfxo
0 0 0 0 0 1 I ] @ € ¥ ¥ - - - = 3o daoydsouryr (@
0 0 0 0 1 I T @ @ £ ¥ i - o= - —  UWB Ul WI0FOIO[ly) T
uddoaju
0 0 0 0 0 T 1 Q a € ¥ 4 - - — — Jo asaydsouwrye i a
0 0 0 0 T T o ¢ ¢ t 4 i - - - — We ul WI0FoI07y) T
apAyappewioy
- = —  — 0 0 0 0 0 0 0 T T I a & %gg §o soudsoid @
e Y | 0 0 0 I G G € ] ¥ ¥ ¥ oy} ur waddxQ o T
apAyaprewioy
- = = = 0 0 0 0 0 0 I I a ¢ g G %gg 3o dvussaid @8
— - — — T @ a G ¢ & k4 4 4 i4 i4 4 oy} ur waSonIN o I
0 0 0 0 0 T T 1 G € 4 i4 — - - — K
0 0 0 0 I 1 g 3 € ¥ ¥ i - - - - w3{x0 (il
0 0 0 0 0 T T G G € 4 b4 - - — - @
0 0 0 0 T T G t € i4 i4 i — — — - uaZ003IN mnr
T000" @000 €000° €000° TO0° &©OO° €00° €00° 10"  GO° €0 g0 T @ € [ Juady jusurjesd,
\ — Burysnugy Jo our,

22 [ 0} pajnfIp uixoj 29

‘apAyoprewiog %Gz’ JO 90UasqV PUER 3dUSAIJ A} UT yjog

W030I0[) PAYIS|NWE [N PUB 930 Yorf WIn ‘madoipiN pue uadLxQ ‘soser) paysnwy jo uoroy Surdzixojeq ayj jo uosuedwo) y

1T A"TdVL



138 ACCELERATION OF FORMOL DETOXIFICATION BY ADSORPTION

pogIS[NWL JON

*apAyapreuwraoy
ou Sururejuod
1 3 € 3 4 4 4 k4 4 b4 ¥ 4 - — — — utxo3} pejeadjul) [oajuop
— - — - 0 0 0 T T é 3 € € ¥ i 4 4 10° T
d - _ - 0 0 0 0 0 I L 4 14 € € 14 co” o
- - - — 0 0 0 0 0 0 0 0 T T T T or’ ¢
- - — — 0 0 0 0 0 0 0 0 0 0 0 0 i 9
— — — — 0 T T G G G g € ¥ 14 4 ¥ 10 ‘
— — - — 0 0 0 [ G G ° g € 4 4 i c0° T
— - — - 0 0 0 0 i T L G 3 € g € or T
- — — — 0 0 0 0 \] 0 0 0 0 I T T g LU 4
- — - - T T G R € ¥ 4 ¥ 4 4 14 ¥ 10 T
— — - - 1 o ; t ¥ ¥ 14 4 4 i4 ¥ i4 {0 ‘
— - — - T I T 1 G o G € ¥ ¥ ¥ 4 or’ s
— — - — 0 0 0 [ 8 1 I T 3 G £ g i g
T000° 000" €000° S000° TO0" GO0 €00°  ¢no” TV R €0’ ¢o° U g ¢ ¢ apAyapreuriog FUWIBIL],
h - — % Jo ewiry,

2 T 0} pompip Wxo} jo a9

WL, JO SPOTL] JHadoJUI I0J wABOIIIN Y[IIM
wonpoyls|nuy £q ‘9pAyepriod jo sjunowy Juiriep Suiutrjue) ‘nrxoy, snadosodydely Jo uorjedyrxolad danEPRY oY} Jo uosuiedwo) y
TIL U1 VL



ACCELERATION OF FORMOL DETOXIFICATION BY ADSORPTION 139

The relative efficiencies of emulsions of chloroform, oxygen and
nitrogen, in detoxifying staphylococcus toxin, and their relative accel-
eration of the process of formol detoxification of this toxin are
illustrated in the accompanying tables. These tables also compare
the effect produced by adsorption with that of the slower action of
formaldehyde when the toxin is allowed to stand in its presence with-
out emulsification. Staphylococcus toxin is completely detoxified by
emulsification with chloroform, in the presence of 0.25% formalde-
hyde, in about 2 hours and almost equally fast with emulsified gases,
as compared with the days required for a similar detoxification when
the toxin is allowed to stand with formaldehyde without emulsifica-
tion.

The fact that emulsified nitrogen acts like chloroform as an ad-
sorption agent in the attenuation of this toxin furnishes proof that
the action of emulsified chloroform is that of adsorption and is not
due to its solvent action. A comparison of the action of emulsified
nitrogen and of emulsified oxygen, both in the presence and in the
absence of formaldehyde, indicates that the attenuation of the toxin
by oxidation need not be considered as a probability.

A group of rabbits was immunized, in accordance with the pro-
cedure of Bulletin B1199 of the National Institute of Health, with
staphylococcus toxin which had been shaken with nitrogen in the
presence of 0.25% formaldehyde for 8 hours. This material was
found to be entirely non-hemolytic and did not produce any observable
symptoms of any kind when 0.5 cc was injected intraperitoneally
into each of 4 mice, The hemolytic test dose of the original toxin
was found to be 0.059 cc when tested with standard staphylococcus
antitoxin.

Three rabbits were found to contain less than 0.02 units of anti-
toxin per cc of serum before immunization. After immunization
the number of units of antitoxin per cc of serum was as follows:
Rabbit No. 80, 1.6 units; Rabbit No. 81, 3.0 units; Rabbit No. 91,
1.0 unit.





