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THE INFLUENCE OF COLLOIDS UPON THE DIFFUSION 
OF H~EMOLYSINS. 

BY SIMON F L E X N E R ,  M.D., AND H I D E Y O  NOGUCHI ,  M.D. 

(From the Rockefeller Institute ~or Medical Research, New York.) 

PLATBS X X V I ,  X X V I I ,  X X V I I I ,  X X I X ,  AND X X X .  

The study which forms the subject of this paper was suggested 
by the experiments made by one of us (Flexner 1) upon the re- 
straining influence of certain colloids upon the injurious action 
of bile salts upon the pancreas. The results of the present work 
not only confirm the view there expressed, namely, that colloidal 
substances reduce the degree and rapidity of diffusion of certain 
crystalloids, but they would seem to have even a wider bio- 
logical bearing. It  is for these reasons that they are given, in 
some detail, in this place. In order that the diffusion of very 
complex molecules (such as certain hmmolysins, etc.) might be 
studied it was necessary to devise a method of testing diffusion 
that would give approximately accurate results without having 
to resort to chemical analyses which are, indeed, useless with 
many of these bodies. We found that a suspension of blood 
corpuscles in certain colloids supplied a useful and accurate means 
of determining the rate of diffusion of simple and complex 
molecules which bring about hmmolysis. By reversing the 
experiment, namely by placing the chemical bodies in the colloids 
the rate of diffusion into water and saline could also be determined 
by estimating the quantity of the hmmolytic substance which 
appeared in these fluids after a given time. 

The  earlier s tudies  on  t h e  influence of colloids upon  t h e  r a t e  of diffusion 
showed,  for t he  mos t  par t ,  t h a t  t h e  r a t e  remained  unchanged .  G r a h a m  2 
bel ieved t h a t  no  inh ib i t ion  followed f rom t h e  presence of colloids. He dissolved, 
a m o n g  o the r  th ings ,  io  pe r  cent.  of sodium chloride in a 2 per  cent.  agar-  
agar  jel ly and  over la id  th is  in  a t u b e  w i th  an o t h e r  por t ion  of t h e  je l ly  

t Jour. Exp. Med., i9o6 , viii, I67. 
2 Phil. Trans. Roy. Soc., x86x, eli, P a r t  I, x83;Liebig's Annalen, x862, exxi, x. 
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minus  the  salt. A t  the  end of e ight  days  the  a m o u n t  of sal t  which  diffused 
in to  the  plain agar  was found to be the  same as t h a t  diffused in to  water.  De 
Vries a failed to notice any  marked  difference in the  diffusion of solut ions of 
po tass ium ch roma te  and  copper  su lpha te  into  pure  wate r  and  4 per  cent. silicic 
acid af ter  a con tac t  of four months .  Voigtl~nder~ inves t iga ted  the  r a t e  of 
diffusion of cer ta in  simple acids and  salts  into  agar-agar  of f rom i to  4 per  cent.  
While  the  r a t e  of diffusion was a t  first in favor  of the  weaker  concen t ra t ion  t h e  
ac tua l  quant i t ies  of sal ts  and  acids which  diffused were abou t  t he  same in all 
cases. Re fo rma t skys  observed no inhibi t ion  of the  ca ta ly t ic  reac t ion  of 
ace ta te  of m e t h y l  and  hydrochlor ic  acid b y  a x. 25 per  cent.  agar  suspension;  
and  Levi6 ascer ta ined t h a t  x .57 per  cent.  silicic acid, x per  cent.  agar, and  o .5  
per  cent. gelat in did not  a l ter  electric conduct iv i ty ,  lower the  freezing point ,  
or inh ib i t  the  invers ion of cane sugar  b y  hydrochlor ic  acid. 

No t  all exper imente rs  have  found t h a t  colloids act  in a whol ly  indifferent  
m a n n e r  upon  the  process of diffusion. Stefan7 recalculated the  values  of 
G r a h a m ' s  exper iments  and  ascer ta ined t h a t  the  diffusion cons t an t  was smal ler  
wi th  agar-agar  jel ly t h a n  w i th  pure  water.  Chabry8  found t h a t  ge la t in  and  
cart i lage delayed t he  ac t ion of acids on orcein. While  our  own exper imen t s  
were in progress a paper  appeared  b y  K u r t  Mayer9 in which  the  inh ib i t ing  
ac t ion of gelatin, agar, and  egg whi te  upon  diffusion is described. The  bodies 
employed  b y  h i m - - s o d i u m  chloride and  po tass ium c h r o m a t e - - w e r e  simple, and  
his resul ts  po in t  to  an  unmis t akab le  r e t a r d a t i o n  of diffusion b y  colloids, t he  
r e t a r d a t i o n  be ing  approx ima te ly  propor t iona l  to  the  concen t ra t ion  of the  col- 
loids. W i t h  agar  the  differences are less m a r k e d  t h a n  wi th  gelatin,  on accoun t  
of the  wider  va r ia t ions  in concen t ra t ion  prac t icab le  wi th  the  l a t t e r  substance.  
Similar  resul ts  were ob ta ined  b y  Nell t0 who s tudied  the  effect of gelat in  on  t h e  
diffusion of a n u m b e r  of chemical  bodies. Nell also observed t h a t  the  electr ical  
conduc t iv i ty  of solut ions of copper  su lpha te  are reduced b y  gelat in  when  presen t  
in amoun t s  of f rom x to  2o per  cent.  

The number of substances the diffusion of which can be satis- 
factorily observed by the hmmolytic method is considerable. 
We studied acids, alkalies, sodium taurocholate, saponin, solanin, 
cobra venom, and tetanus toxin. In  the case of the complex 
bodies, snake venom and tetanus toxin, the capacity for diffu- 
sion of the different constituents, namely, hmmolysins, neuro- 
toxin, tetanospasmin, was also determined. 

s Recueil des travaux chimiques de Pays-Bas, I884, ill, 375. 
Zeitsohr. f. physik. Chemie, x889, iii, 316. 

5 Zeitschr. ~. physik. Chemie, x89z, vii, 34. 
6 Gazetta chimica 4taliana, x9oo , xxx,  Pa r t e  II, 54. 
7 Wiener Sitzungsberichte, x879 , lxxix, I I  Abt . ,  x6x and  2i 5. 
* Journal de Physique, x888, vii, xx 5. 
9 Beitrage z. chem. Physiologie u. Pathologie, x9o5, vii, 393. 
to Annalen d. Physik, x9o5, IV  Folge, xviii, 3a3 . 
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The particular points which were noted were: the influence of 
concentration of colloids upon the rate of diffusion; the time 
relations of the rate of diffusion; and the comparative degree 
of diffusibility of different substances. 

The diffusible bodies were made to diffuse (i) from saline 
solution into colloids, (2) from colloids into colloids, and (3) from 
colloids into saline solution. 

METHODS. 

I n  prepar ing  the  var ious  solut ions and  blood mix tu res  a fair  degree of asepsis 
was observed.  Where  the  exper iments  ex tended  over  any  l eng th  of t i m e  
grea ter  precaut ions  were taken .  The  b lood was ob ta ined  asept ical ly  and  t h e  
colloids were sterile. T he  blood mix tu res  w i th  agar  and  gelat in  were well 
preserved  a t  t he  end  of a week or even  longer. The  exper iments  were m a d e  a t  
room t e m p e r a t u r e  which  was a b o u t  2o ° C. The  agar  suspensions were m a d e  
w i th  agar-agar  which  h a d  been  thorough ly  washed  in r u n n i n g  water .  The  agar  
was dissolved in disti l led water ,  clarified, filtered, and  o .9 per  cent.  sodium 
chloride added.  T he  gela t in  was dissolved in dist i l led water ,  neu t ra l ized  w i t h  
NaOH,  clarified, filtered, and  sal t  in o. 9 per  cent. added.  

T he  h ighes t  concen t ra t ions  of t he  colloids h a v i n g  been  made,  t h e  weaker  
s t r eng ths  were ob ta ined  b y  the  addi t ion  of o. 9 per  cent.  sa l t  solut ion.  Acids,  
alkalies, and  sal ts  were m a d e  in to  no rma l  solutions.  These  solut ions were fur-  
t h e r  d i lu ted  according to  t he  hmmolyt ic  s t r e n g t h  of the  different  chemical  
bodies. I n  m a k i n g  t he  mix tu res  of chemical  body  and  colloid a concen t r a t ed  
solut ion of the  first was added  to  t he  second so as to  avoid  undue  d i lu t ion  of 
t he  colloid. 

T he  colloids were p ipe t ted  in to  tubes  of 8 ram. to  I s m m .  diameter ,  care 
be ing  t a k e n  to  p reven t  flowing over  the  wall  of t he  t u b e  above  t he  layer .  
T h e  quant i t i es  employed were, usually,  2 c.c. each of colloid and  fluid. The  
colloid co lumn measured  f rom 32 to  33 ram. in  tubes  of 8 ram. diameter .  

Dog and  r a b b i t  blood in 3 to  5 per  cent .  suspensions  in o. 9 per  cent .  sa l t  
solut ion were used. T he  blood and  colloid were mixed  a t  low t empe ra tu r e s  
a f te r  which  t hey  were congealed. Ice was used to  congeal the  gelat in  blood 
mixtures .  

T he  readings  were m a d e  w i th  a scale one degree of which  was o. 7 ram.  All 
t he  figures were subsequen t ly  reduced to mill imeters.  

In  de te rmin ing  t he  q u a n t i t y  of hmmolyt ic  or toxic body  which  diffused f rom 
t he  colloid in to  t he  s u p e r n a t a n t  saline t he  l a t t e r  fluid was r emoved  a t  in te rva l s  
and  t he  hmmolyt ic  or toxic s t r e n g t h  determined.  These  values  could be  ex- 
pressed in hmmolyt ic  and  in toxic uni ts .  

DIFFUSION OF HiEMOLYSINS t~ROM FLUID INTO COLLOID MEDIA. 

There is no difficulty in observing the extent to which the hmmo- 
lyric body has penetrated into the blood-colloid suspension since 
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the originally opaque mixture becomes perfectly transparent as 
the result of the laldng of the corpuscles. The line of penetration 
is usually sharp and straight, but in some cases it is irregular. 

Series/.--Hydrochloric, nitric, oxalic acids, sodium hydroxide, 
and sodium carbonate in Tt¢ N. solutions were employed. The fig- 
ttres for hydrochloric and nitric acids are almost identical, although 
the degree of diffusion of hydrochloric is very slightly higher than 
of nitric acid. The values in millimeters for hydrochloric acid 
at  the different periods (h. equalling hours ) are as follows: 

9 h. 18 h. 42 h. 60 h. 84 h. 
2 5 %  ge l a t i n  4 -5  7 .7  i 3 . o  i 6 .  5 i 8 . 2  
I°~O 5 . 4  9 . I  I 6 . 2  20.  2" .  4 

The values for oxalic acid are lower: 

9 h. i8  h. 42 h. 60 h. 84 h. 
25 % g e l a t i n  2 . 75  4 . 9  9 . r  I I . 2  r 2 . 6  
Io  % ' 3 ' 4  6 . 3  r2 .  3 I4 .O I 6 . 8  

And the values for sodium carbonate are still lower: 

9 h. z8 h. 42 h. 60 h. 84 h. 
25 % ge!,atin 1 .25  2 . 2 4  4 . 2  4 . 9  5 . 6  
Io  ~ I ' 7 5  3 -3  6 ' 5  8 . 4  9 . 8  

The comparative rate of diffusion into gelatin of these simple 
bodies can be readily expressed graphically in the form of a 
curve (Plate XXVI) .  The influence of concentration of colloid on 
the rate and degree of diffusion is clearly seen in the curve. Lines 
I and I I  indicate the diffusion of hydrochloric acid into io per 
cent. and 25 per cent. gelatin respectively. Lines I I I  and IV 
indicate nitric acid, V and VI oxalic acid, and VII  and VII I  
sodium carbonate. The black dots show the reading periods and 
the marginal figures stand for millimeters. 

On comparing the diffusion values for ~o and 25 per cent. 
gelatin the relation can be expressed by the following formula: 
The amount of diffusion is approximately inversely proportional 
to the square root of the concentration of the gelatin. The deviations 
from this formula can possibly be accounted for by considerations 
of experimental error, impurity in the gelatin, and the resistance 
introduced by the e rythrocytes. The velocity of diffusion 
decreases steadily with increase in time. 
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l I From saline into IO~ gelatin. 
~/[o N. ttC1 II From saline into 25¢ gelatin. 

l I I I  From saline into Io~g gelatin. 
i / io  N. HNO8 IV From saline into 25~ gelatin. 

I/IO N, 

T/[o N. 

C~H~04 

Na~CO~ 

V From saline into IO~ gelatin. 
I VI From saline into 25~ gelatin. 

VII From saline into Io~ gelatin. 
VIII  From saline into 25~ gelatin. 
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The concentration limits for agar are smaller than for gelatin 
and consequently the differences in degree and velocity of diffu- 
sion are also smaller with that  colloid. The strengths employed 
in the next experiments were o.5, ~, and 2 per cent. Two ex- 
amples only, namely of nitric acid and sodium hydroxide, will 
be given. 

HNO3 ~ N. 

25 rain. 30 mln. i h. 2 h. 3 h. 4 h. 

2% a ,g,ar 5 .6 9.5 I3 .5  18.5 21.3 24.5 
1% 5 .8 9.75 I3 .5  18.75 21. 5 24.6 

0"5% " 5 " 9 5  9.8 I3 .8  19.o 21.8 24.8 

NaOH ~ N. 

IS rain. 30 rain. I h. 2 h. 3 h. 4 h. 

2% ag,ar 5 .6 9.5 13.5 18.5 2x.3 24.5 
I %  ' 5 .6 9-5 13.5 I 8 " 5  2 I ' 5  2 4 " 5  

° ' 5 %  " 5 '95 9 .6 I3.75 I8.75 21.5 28. 

Series I I . - - I n  the next experiments sodium taurocholate, 
saponin, and solanin were employed. The hmmolytic values 
were first determined in the ordinary manner. They can be 
expressed for rabbit blood in the following figures: o.oooi 
(saponin), o.ooo7 (solanin), o.oo7 (sodium taurocholate). The 
value of hydrochloric acid, under the same conditions was 0.02. 

Sodium Taurochola te  ~ N. Rabb i t  Blood 5% 

3h. 6h. i2h. 24h. 4zh. 6oh. 84h. 
J x .o 2.0 3. I5 4.3 5.6 7.0 ~st determinat ion.  

25~o gelatin 
1.2 2.2 3.9 5 .6 7 .0 8.4 2d " 

, ,  J 1. 4 2.6 4,3 6.6 7.8 9.0 1st " 
IOn0 2.0 3.5 5 .6 7.7 9.3 I I . 2  2d " 

Saponin I~-~ N. Rabb i t  Blood 5% 

3 h. 6h .  24h .  48h .  
x.o 2.0 4.2 6. 3 Is t  de terminat ion.  

2 ~ 0  gelatin 
2 . 4  5 . o  7 . 0  2 d  " 

,, j x.4 2.9 6.6 9. I5 xst " 
IoO~O 2.85 6 .o  8.4 ~d " 

Solanin ~ N. Dog Blood 3%. 

6 h. 24 h. 48 h. 
25% gelatin 3 .6 7.5 lO.5 
I o %  4.6 9.0 13. 5 

The relation which exists in the case of gelatin, between the 
degree of diffusion and the concentration of the colloid is, as this 



552 Influence of Colloids ulon the Diffusion of lfcemolysins 

experiment shows, the same for certain chemicals of high and of 
low molecular weight. When agar-agar is substituted for 
gelatin the differences are less marked, although a difference can 
still be made out. Taking saponin as an example the following 
figures are obtained: 

S apon in  T ~  N. 

3 h. 6h. 24h. 48h. 
x% agar  ~-45 5 .o 9 .8  ~4.o i s t  de t e r mina t i on .  

0 . 5 %  " 3 .85 8 . 4  x7.5 24,5 . . . .  
i %  " z .7  3 .5  8 .9  Io .  5 2d " 

0 . 5 %  " 1.8 3 .8  9 .3  i i , 2  . . . .  

Series I I I . - -The  next experiments were made with the complex 
lysins of cobra venom and tetanus toxin. Two specimens of 
cobra venom were available: one a fresh solution of o.4 per 
cent., one cubic centimeter of which contained for dog blood 
2ooo minimal hmmolytic doses; and a second solution of the 
same strength which had been on ice seven months and was 
ten times weaker. The samples of tetanolysin contained 33 
minimal hmmolytic doses per cubic centimeter. 

The experiments with dog blood and o. ~ per cent. cobra venom 
were not wholly satisfactory, since the line of demarkation was 
not always sharp. The influence of concentration of colloid is, 
however, shown even in this case. 

3h. 9h. z4h. 
~5% ge!,atin 0 .84  2. i 6 .0  
i o %  2 . i  5.6 31.5 

The next experiment was made with cobra venom, lecithin, 
and rabbit corpuscles, in which case the diffusion is regular. 

Cobra  V e n o m  o . 2 %  x c.c., Lec i th in  ~ N. x c.c. 

x2 h. ~4h. 42 h. 60 h. 84 h. 
25% ge!at in z. 7 2 .8  4 .~o  4 .9  5 .6 
xo% ' 1 .8  3 . I 5  4.55 5,55 6-3 

The employment of the old cobra venom gave, instead of a 
curve, an almost straight line. 

Passing now to the results with cobra venom o. I per cent.  and 
dog blood in agar, defirdte inhibition in the higher concentration 
is found to occur. 
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6 h .  a 4 h .  4 8 h .  

2 ~  a,g, ar i .  4 5- 25 9. I 
0. 5 2.1 7.o 12.6 

Cobra venom diffuses into agar more readily than into gelatin. 
The rate of diffusion into agar is proportional not  to the square 
root of the t ime bu t  almost directly to the time. 

Tetanolysin penetrates gelatin (strength below io per cent.) 
more quickly than  it  does agar of 0. 5 per cent., which makes an 
exception to the rule.* 

DIPFUSION OF H.~MOLYSINS FROM ONE COLLOID INTO ANOTHER. 

The next  experiments were designed to show whether any 
further inhibiting effect would be developed if the haemolysin were 
enclosed in the colloid. Since the velocity of diffusion is smaller 
the higher the concentration of the colloid, it  was presumable 
tha t  the introduction of a second colloid medium would further 
reduce the velocity. 

Sodium taurocholate, saponin, solanin, and pyrogallic acid 
were studied. In the first experiment to be given sodium 
taurocholate in ~ N. solution was enclosed in gelatin of io and 
25 per cent., and dog blood of 3 per cent. was suspended in agar 
of 0. 5 and 2.0 per cent. 

20/0 Agar and Dog Blood. 

Sod. taurochola te  6 h. z= h. 2 4 h. 48 h. 66 h. 
in 

25% ge!atin x.55 2.4 3.I5 4.0 5.6 
I O ~  I .  7 2 . 6  3 . 6  4 ' 9  7 . 0  
Saline (control) 2.55 3.55 5. I5 7.3 9.8 

*Arrhenius and Madsen (Contributions from the University Laboratory for 
Medical Bacteriology, Copenhagen, i9o2 ) have applied the method of diffusion 
into gelatin to a determination of the molecular weight of diphtheria toxin. 
They ascertained that diphtheria and tetanus toxin diffused into xo per cent. 
gelatin; that the former underwent no change in the process and the latter 
diffused more rapidly than the former. The corresponding antitoxins passed 
into the gelatin more slowly than the toxins. 

Craw (Pron. of the Royal Sot., Series B., I9o6, lxxvii, 3 H) determined that 
bacillus megatherium lysin passes more slowly through a porous filter impreg- 
nated with x5 per cent. than with 7.5 per cent. gelatin. 
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Sod. taurocholate 6 h . x2 h. 24 h. 48 h. 66 h. 
in 
2 5 %  ge, l a t i n  1 .5  2 .45  3 . x 5  4 .55  5 .6 
I o %  1 .8  2 . 8  3 . 8  5 . o  7 . 0  

Sa l ine  (control )  2 . 6  3 . 8 5  5- 2 7 . 3  9 . 8  

Hence taurocholate of sodium diffuses from 25 per cent. 
gelatin into agar more slowly than  it  does from i o per cent. 
gelatin. The difference in concentration of the agar has only a 
slight influence on the rate of diffusion. In a second experiment 
the salt was dissolved in agar and the  blood suspended in gelatin. 
The influence of concentration (o.5 and 2.o per cent.) of the agar 
was very small, and the diffusion from agar was slightly greater 
than  from saline solution (control). 

The experiments with ~ N. saponin dissolved in agar and 
dog blood suspended in gelatin showed diffusion to take place 
more rapidly into i o than into 25 per cent. gelatin, and much 
more rapidly from agar than  from the saline control. When, 
however, the colloids were reversed, namely, the blood sus- 
pended in agar and the solanin desolved in gelatin, the influence 
of the concentration of the gelatin came out, the diffusion from 
the saline being greater than  tha t  from the colloid. Plates 
X X V I I  and X X V I I I  express these effects in the form of curves. 

The explanation of this discrepancy is to be found, possibly, 
in the sum of inhibitions exerted by the gelatin and the corpuscles, 
of which the first is the greater;  while, as has frequently appeared 
in these experiments, the greatly weaker agar concentrations 
exercise slight inhibition only. A similar effect, although a 
smaller one, is produced in the case of pyrogallic acid. 

In  the  s tudy of the more complex hmmolysins of venom it was 
found, in spite of certain irregularities of diffusion, tha t  (i) the 
velocity of diffusion from agar into the gelatin blood is slower 
in the  case of 25 than  in the case of io per cent. gelatin, (2) the  
hmmolysin of cobra venom is diffused from agar into gelatine 
more slowly than  from these colloids into saline, (3) concentrations 
of agar between o. 5 and 2.o per cent, act about  the same, and 
(4) the relation of t ime to diffusion does not  correspond to 
Fick's law. 

o. 5 %  A g a r  a n d  D o g  Blood .  
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DIFFUSION FROM COLLOID INTO SALINE SOLUTION. 

Sodium taurocholate, saponin, and solanin were dissolved in 
io and 25 per cent. gelatin and poured into test-tubes of 20 ram. 
diameter. Five cubic centimeters of the colloids were pu t  into 
each tube after the congealation of which an equal quant i ty  
of saline solution was poured in. The saline fluid, after 
contact,  was removed at  s tated periods, and the quant i ty  of 
hmmolysin present in it  was est imated colorimetrically. Three 

TABLE I. 

SAPONIN 2 - ~  N .  

Period of 

Con t ac t  

D e g r e e  of 

Hmmolysis 

I I00% 
I hour 30% 

5% 
Ioo% 

0. hours 30% 
5% 

!  oo% 
4 hours 30% 

s% 
0.4hours {] IOO% 30% 

5% 

25% gelat in 

Quan t i t y  in c.c/ 
required to pro- 
duce s ta ted de- 
gree of hmmo- 
lysis 

1.8 
0 .  9 

1 . 4  
0 . 7  

0.75 
0 .  5 

0.7 
0 .  3 
o. I8 

Corresponding 
number  of hm- 
molytie uni t s  in 
x c.c. of saline 

0.55 
I . I  

0.7 
1 . 4  

I " 3 3  
2 .  

1 . 4  
3 . 3  
5.5 

t o %  gelat in 

Quant i ty  in c.c. 
required to pro- 
duce s tated de- 
gree of hmmo- 
lysis 

1 .  
0.55 

0.6 
o . 5  
I .  
0 .  5 
0 . 3 5  

o.5 
0.0 .  
o . 1 4  

Corresponding 
number  of hm- 
molytic uni ts  in 
z c.e. of saline 

I .  
1 .8  

1.6 
0.. 

t .  
0.. 
0. .8  

0.. 

5. 
7 . 1  

SOLANINT~ ~ N .  

hour { 

h o u r s  { 

$ hours { 

24 hours I 

1oo% 
30% 
5% 

ioo% 
30% 
5% 

IooO'/o 
30% 
5% 

I 00~0  
30% 
~% 

0.55 
o.14 
0.125 

0 . 3 3  
0 . 0 9  
0 . 0 8 5  

0 . 2 5  
0 . 0 7  
0.055 
O.I 
0.03 
0.00. 5 

1.8 
7- 
8. 

3 .  
II. 
I2. 

4. 
I4. 
t 8 .  

IO.  
33- 
4 ° • 

0.33 
0.09 
0.085 
0.25 
0.075 
0 . 0 7  
0.I8 
0.055 
0.04 
0 . 0 7  
0 . 0 2 5  
0 . 0  °. 

3"  
II. 
12. 

4 .  
I3.3 
1 4 .  

5.5 
18. 
2 5 .  
I 4 . 2  
4 0 .  
5 ° • 
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grades were used: IO0, 3 o, and 5 per cent. It  was found that  
sodium taurocholate was largely held back for at least 48 hours 
by the gelatin, probably because of a chemical union between 
the salt and the proteid. Only a trace of hmmolysis was obtained 
at the end of this period. The results obtained with saponin and 
solanin are given in the accompanying table (Table I), and they 
show that  the quantities of these bodies diffused from 35 
and io per cent. gelatin bear the proportion of r : 1.25-1.4o. 
Hence the velocity and amount of diffusion from colloid into 
saline, like that from saline into colloid, is inversely proportional 
to the square root of the concentration of the colloid. 

I N F L U E N C E  U P O N  T H E  R A T E  OF D I F F U S I O N  OF D I A M E T E R  OF 

S U R F A C E ,  D E P T H  OF M E D I U M ,  A N D  C O N C E N T R A T I O N  OF 

HeEMOLYSIN.  

TABLE II. 

A m o u n t  of r ~  N. Sapon in  

D i a m -  P e r i o d  of 
e t e r  of 
T u b e  Gela t l r  Sapon in  C o n t a c t  

Blood Solution 

6 h o u r s  
4C.C ! 4C.C. 2 4  " 

48 " 

6 h o u r s  
4C.C-  I 2 C.C. 24  " 

48 " 
oO 

= C . C .  4C.C.  

2 C . C . , 2 C , C .  

2C.C .  2C.C .  

I C . C .  2 c . c .  

6 h o u r s  
24 
48 " 

6 h o u r s  2 . 4  2 . 85  
24 " 5- 6. 
48 " 7. 8 . 75  

6 h o u r s  2 . 4  2 . 85  
24 " 5. 6. 
48 " 7. 8 . 75  

6 h o u r s  
24 
48 " 

r ~ e  N.  Sapon in  x ~  N Sa pon in  

2,"o xc% a~% xo% as% 
gel  ~ ; in gel ~tin ge l a t i n  ge la t in  ' g e l a t i n  

2 . 4  2-85 1 .9  
5" 6. 4 . 2  4 . 5 5  1 ' 7 5  
7" 8 . 4  6 . 4 5  7 ' 3 5  3 ' 8 5  

i 

2 . 4  2 .85  1 .9  
5. 6. 4 . 2  4 . 5 5  1 .75  
7. 8 . 4  6 . 45  7 .35  3 . 8 5  

f 

a . 4  2 .85  r - 9  
5- 6. 4 . 2  4 . 5 5  1-75 
7 '  8 . 4  6 . 4 5  7 ' 3 5  3 . 8 5  

> 

4 .2 4 . 55  2. 
7. 7 . 7  i 3"85 

d 

I 4 .2 4 . 55  2. 
7. 7 . 7  3 . 8 5  

2 . 4  2 . 8  5 > 
5. 6. 4 . 2  4 . 55  2. 
7 .5  9 . I  7. 7 . 7  3 - 8 5  

zo% 
ge l a t i n  

1 .75  
3 . 8 5  

1 .7  5 
3 . 8 5  

t . 7 5  
3 . 8 5  

2 . I  

3 . 8 5  

2 . 1  

3 . 8 5  

2 . 1  

3 . 8 5  
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The substances used in these experiments were solanin and 
saponin in saline solution and dog blood mixed with gelatin. 
The results are given in Tables II  and I I I  and they show tha t  no 
marked influence is exercised on the diffusion by diameter of 
surface and depth of medium. But  other facts may  be noted. 

TABLE III. 

Amount of ~o N. Solanin x ~  N. Solanin x . ~  N. Solanin 
)lame- Period of ! 25% 
~r of Gelatin Solanin Contact 25°7o *o% 25% *o% xo% 
Tube Blood Solutiot gelatin gelatin gelatin gelatin : gelatin gelatin 

6 h o u r s  3 . 6  4 -6  1.25 
4c .c .  4c .c .  24 " 7 .5  9 . 5  1 .4  3 .85  

48 " i o .  5 i 3 .  5 2 . i  5 .95  .= 6 

6 h o u r s  3 . 6  4 . 6  i .25 .3 ~o 
4c .c .  2c .c .  24 " 7 .5  9 . 5  1.3 3 . 8 5  

48 " lO.5  I 3 . 5  2 .1  6. 

6 h o u r s  3 . 6  4 . 6  1 .25  
2c .c .  4c .c .  24 " 7 .5  9 . 5  1 .4  3 . 8 5  

48 " 1o.5 13 .5  2 .x  5 . 9 5  

6 h o u r s  3 . 6  4 . 6  1 .25  
2c .c .  2c .c .  24 " 7 .5  9 .8 x . 4  3 .85  

48 " IO-5 13.5  2 .1  6. 

6 h o u r s  3 . 6  4 . 6  x .25  = 6 
2c .c .  i c . c .  24 " 7 .5  9 .8 1 . 4  3 .85  "" 

oo 48 " 1o. 5 I 3 .  5 2 . i  5 . 9  ~ ;~ 

6 h o u r s  3 . 6  4 . 6  I .  25 
lC.C. 2c .c .  24 " 8. 9 . 8  1 . 4  3 .85  

48 " lO.5  I 3 . 5  2 . i  6. 

The relative capacity for diffusion of saponin and solanin from 
saline solution into gelatin blood is expressed in hmmolytic 
units by the proportion of i : i . 5 .  These figures are to be com- 
pared with those in which the hmmolysin is enclosed in the 
colloid (Table I) and allowed to diffuse into saline, in which 
series the solanin is shown to diffuse from seven to eight times 
more h~emolytic units in a given period than  the  saponin. But  
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as solanin is near ly  twice as strong an haemolytic agent  as saponin 
the  proportion of diffused haemolytic units would stand, as 
regards diffusion from colloid into saline, as i : 4 against i : i. 5 for 
saline into colloid. The diffusion velocity for solanin is, under  
the  former  conditions, four t imes as great  as for saponin; and  the  
inhibiting influence of the  colloid is greater  when the crystalloid 
seeks to enter  it from than  when it a t t empts  to leave it for a 
fluid medium. 

The concentrat ion of the  active substance plays a considerable 
par t  in relation to the  ra te  of diffusion. The effects of this con- 
centrat ion are best  seen by  observing Plates X X I X  and X X X .  
In  the  case of saponin while the  difference in diffusion between 
T}, N. and T ~  N. is very  sl ight, that  between r~0~ N. and ~--a@~ N. 
becomes as about  2:1. In  the  case of solanin the difference 
between 1}7 N. and T o ~  N. is as 2"1, and between i ~  N. and 

N. more  than  io: i -f~-0-~ ~" 
In Plate XXIX, the following values are given: I and II 

represent the degree of diffusion of I{v N. saponin from saline 
into zo per cent. and 2 5 per cent. gelatin respectively; Ill and 
IV represent the degree of diffusion of ~ N., and V and VI, the 
degree of diffusion of ~ N. saponin under the same conditions. 
The values for Plate XXX are as follows: I and II represent the 
degree of diffusion of T~ N. solanin from saline into io per cent. 
and 2 5 per cent. gelatin respectively; and III and IV the degree 
of diffusion of ~ N. solanin under the same conditions. 

TABLE IV. 

Scale of 

Hmmolysis* 

a 
b 
e 

Saponin 

~$% gela t in  

I .  
O. 3 
0 . 9  

i o %  gelat in  

~{7. N ~ N 

o.6 
0.2 5 
O . I  5 I .  5 

Solanin 

25% gelat in  

~ N I ~  N 

o . = 5 1  2. 
o . o 6  I 0"7 
0.0431 o.s 

xo% gelat in  

T~ N I~½~ N 

o .  I 6  I I ' 5  
0 . 0 5  0.  5 
o.o35 o.35 

* The  scale of h~molys i s  was an  a rb i t r a ry  and  descending o n e - - a  be ing  
h ighes t  and  c lowest. 
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TABLE V. 

559 

Period of 

Contact 

x h o u r  

2 h o u r s  

4 h o u r s  

2 4 h o u r s  

Degree of 

Hmmolysls 

x~ N. Solanin 

25% gelatin 

o. I4"  
0.125 

0 .0  9 
0.085 

0.0 7 
o. 0 5 

0.03 
0.025 

xo% gelatin 

o . o  9 
o.o8 5 

0.075 
0 .0  7 

0.055 
0.04 

0.025 
0.02 

I ~  N. Solanin 

• 5% gelatin xo% gelatin 

I .  5 I ,  
I .  0 .6  5 

I. 0 .8  
0.7 0.5 5 

0. 7 0 .6  
0 .5  o . 4  

0 .03  0 .25  
0.25 0 .2  

* These  f igures indicate  t h e  q u a n t i t y  of  s u p e r n a t a n t  sal ine r equ i r ed  to  p ro -  
duce  the  degree  of hmmolys i s  s t a t ed .  

The differences noted are not  entirely easy of explanation; and 
it is especially difficult to account for the behavior of solanin, 
in tha t  while diffusing much  more readily than  saponin, i t  should, 
at  the same time, be so greatly influenced by concentration. These 
considerations apply only to the  special case in which the hmmo- 
lysins are contained in the saline; when they are enclosed in the 
colloid and allowed to diffuse into saline the amount  of diffusion 
is directly proportional to the concentration of the heemolysins. 

D I F F U S I O N  OF COBRA VENOM AND T E T A N U S  T O X I N  INTO 

COLLOIDS.  

It has been stated that the hmmolysins of cobra venom and 
tetanus toxin pass from saline solution into gelatin and agar. 
A series of experiments was made to determine the effect of 
enclosing the toxins in one colloid (agar) and the blood in another 
(gelatin), and the reverse. Using a S per cent. suspension of 
dog blood in io per cent. gelatin and O.l per cent. cobra venom 
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in ~ per cent. agar, it was found that  complete haemolysis 
occurred in twenty-four hours, while when the blood was mixed 
with the agar and the venom with the gelatin, the ha~molysis 
proceeded much more slowly. It  was also ascertained that  the 
venom haemolysin passes more quickly into gelatin from agar 
than from saline solution. In this respect it agrees with the more 
definite chemical ha~molysins. 

The next question considered was whether the entire series 
of venom principles pass into the colloids, and if so whether 
they diffuse with equal velocity. To test this the haemolysed 
portion of the gelatin- and agar-blood mixtures was carefully 
separated from the other in which the blood corpuscles were still 
intact, and each portion was injected into guinea-pigs to determine 
the toxicity. In the case of the gelatin-blood mixture the portion 
to be injected intraperitoneally was first melted, and in the case 
of agar it was emulsified in saline solution. The gelatin used 
was io per cent., and the agar 2 per cent. for enclosing the venom, 
and o.5 per cent. for enclosing the blood. 

Two cubic centimeters of the venom-colloid mixture were used 
in each experiment. The number of minimal lethal doses contained 
in this quantity, for guinea-pigs, of about 18o grams weight, was 
sixteen. It was ascertained that three m.l.d, of the venom passed 
in the hsemolysed portion from the agar into the gelatin blood, 
and one m.l.d, from the gelatin into the agar blood. It was 
further ascertained that the non-haemolysed portion of the 
colloid-blood mixture does not contain the cobra neurotoxin in 
appreciable quantities. In other words, cobra lysin and cobra 
neurotoxin diffuse together. 

Since the two principles diffuse together it was desirable to 
ascertain, if possible, whether they diffuse accurately in the pro- 
portion in which they exist in venom; that is, whether the whole 
venom passes unchanged into the colloid, or whether a separation 
of the components occurs. It has been stated that, using two 
cubic centimeters of a o.i per cent. cobra venom suspension in 
agar, one fifth of its toxic constituents passed into the gelatin- 
blood mixture in twenty-four hours. It was ascertained that 
two cubic centimeters of the venom mixture contained 60o 
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complete hmmolytic doses of cobra lysin (for dog blood). Since 
the  rate of diffusion of cobra lysin is very little affected by  time, 
as it proceeds almost in a straight line, all tha t  is required to 
determine the  quant i ty  of diffused lysin is to mult iply  the  amount  
of diffusion by the time. I t  was found by  experiment tha t  an 
amount  of cobra lysin necessary to h~emolyse two cubic centi- 
meters of a 5 per cent. suspension of dog corpuscles will require 
from three to four hours to pass from i o per cent. gelatin con- 
taining o.i per cent. venom to saline solution; and tha t  in 
twenty-four hours about  twenty-four complete hmmolytic doses 
will have diffused into the saline. Hence the rate of diffusion of 
cobra lys in  i s a s 2 4 : 6 o o  or i :25.  I n t h e  same time, as we 
have seen, the  quant i ty  of cobra neurotoxin which diffused 
from agar into gelatin was as i : 5. In  other words, cobra neuro- 
toxin diffused five times faster than  cobra lysin from agar into a 
gelatin-blood mixture.  This fact interesting in itself is ren- 
dered more suggestive in view of Faust 's  11 recent s ta tement  
of a relationship between cobra neurotoxin and the saponin 
substances. 

A series of experiments similar to the  above was made  with a 
te tanus  toxin one cubic centimeter of which contained iooo 
minimal  lethal doses for guinea-pigs of 250 grams and rats of 6o 
grams weight, and 33 minimal  hmmolytic doses. I t  was found 
tha t  both  tetanolysin and tetanospasmin pass together easily 
into gelatin and agar, since the  non-hmmolysed portions of the 
blood-colloid cylinder do not  contain an appreciable quant i ty  
(less than  o.oooi c.c.) of the  toxin. I t  would, however, appear 
from our experiments tha t  tetanolysin diffuses more rapidly into 
colloids than  tetanospasmin, since the great disproportion in 
quant i ty  of spasmin and lys in- - iooo:33- -which  exists in the  
te tanus toxin does not  bring about  a corresponding preponder- 
ance of the spasrnin in the colloid. 

SUMMARY. 

Acids, alkalies, salts, glucosides, and certain toxins diffuse 

H Die tierische Gifte, Braunschweig,  i9o6 , p. 54. 
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more quickly into 0.9 per cent. salt solution than into agar-agar 
and gelatin suspensions. 

The inhibitory effect of the colloids grows with increase in 
concentration, which increase affects both the velocity and extent 
of the diffusion. 

In the case of gelatin the degree of diffusion is approximately 
in inverse proportion to the square root of the concentration. 
Agar-agar in strengths up to 2 per cent. inhibits far less than 
gelatin in io per cent. suspensions; and the difference in degree 
of inhibition exercised by o. 5 per cent. and 2 per cent. agar- 
agar is a small one. 

Hmmolytic substances diffuse from gelatin into agar-agar 
more slowly than from saline into agar-agar. But the velocity 
of diffusion from agar-agar into gelatin is greater than from saline 
into gelatin. 

The effects of differences in concentration of the hmmolytic 
agent vary according to the agent and the manner of its solution. 
When the hmmolyser is dissolved in salt solution the diffusion of 
T{~N. and - f ~  N. solutions (saponin) is almost identical;  
while with solanin the stronger solutions diffuse faster. When 
the hmmolyser is dissolved in the colloid diffusion into fluid media 
is nearly proportional to the concentrations of the hmmolytic 
agent. 

The velocity of diffusion into and from colloids is in general 
proportional to the square root of the time. Acids, alkalies, 
salts, and glucosides act in a manner which is in agreement with 
this rule. Cobra lysin and tetanolysin do not act in conformity 
with the rule. 

Cobra lysin appears to diffuse into colloids more slowly, pro- 
portionally, than cobra neurotoxin, and tetanospasmin more 
slowly than tetanolysin. 

The biological method described in this paper for studying 
diffusion in colloids is applicable to hmmolytic and some other 
toxic substances, and, with accuracy possibly only to such 
substances possessing relatively simple compositions. 

Since all diffusion in the living body takes place within colloidal 
media of different concentrations, it would seem desirable to 



Simon Flexner and Hideyo Noguchi 563 

perfect methods through which the interaction of toxic chemicals 
and the fluids and cells of the body may  in a manner  be imita ted 
in vitro. Through this means our knowledge of toxicology may  
well be extended. 


