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I-Iemolytic Activity of Some 
Nonionic Surface-active Agents 

Harold N. Glassman 

Biological Department, Cbe~nical  Corps, 
Canzp Detr ick,  Frederick, Maryla~zd 

For  a long time i t  has been known that  surface-active 
agents, as  exemplified by tlie soaps, possess markecl hemo- 
lytic activity. Recent studies using synthetic anionic 
surface-active ngcnts have confirmed these observations 
and demonstrated that  the cytolytic efficiency of a ho-
n~ologous series of these compounds is dependent upon 
their carbon chain length. I n  discussion of these obser- 
vations, emphasis has been placed upon correlation of the 
cytolytic power of these compounds to their surface ac- 
tivity ( 3 )  and upon coinplex formation, based upon elec- 
trostatic interaction, between the anionic surface-active 
agents and lipid, lipoprotein, and proteiu components of 
the red blood cell ultrastructure ( 6 ) .  

It is desirable to report upon tlie hemolytic activity of 
certain nonionic surface-active compounds a t  this time, 
both because of i t s  pertinence to any consideration of the 
nlechanism of these cytolytic effects and because of the 
practical importance of having available surface-active 
agents with desirable physical properties but largely de- 
void of such dclcterious biological effects as  hemolysis 
and toxicity. 

This report will be confined primarily to  a series of 
nonionic polymeric surface-active agents' based upon 
alkyl phenols made water-soluble by interaction with an  
alkylene oxide.a The alkyl-substituted phenol represents 
the hydrophobic portion of the molecule, while the ether- 
alcohol groups are the hydropl~ilie portion. The hemolysis 
studies utilized a 5% suspension of mashed sheep red cells 
made up in 0 . 1 6 ~  NaCl f  0 . 0 1 5 ~  phosphate, buffered a t  
p H  7.4. Hemolysis was studied by mixing 0.2 ml of the 
5% sheep red cell suspension with 4.5 ml of buffered 

'The Triton conlpounds, as listed in Tahle 1, were made 
x+ailnble through the collrtesy of the Rohm and IIaas Colrl- 
pany. 
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NaCI to which the desired amount of the surface-active 
agent had been added. This mixture is  translucent, due 
to the scattering of light by the intact erythrocytes, but 
cpon hemolysis it becomes transparent. The time re-
quired to achieve hemolysis of 75% of tho cells has been 
used as  an  end point and was determined by visual com- 
parison with a standard (4).  Twofold dilutions of the 
surface-active agents were used and the time for  hemoly- 
sis was plotted against the concentration of these com-
pounds. From these plots the concentration per ml of 
surface active agent necessary for  an  hemolysis time of 
100 min was estimated and used as  a basis of comparison. 
Surface tensions a t  25" C were determined with the 
cluNouy tensiometer, previously standardized against H,O 
and benzene. 

It mill be seen (Table 1) that two of the nonionic com- 
pounds, Tritons WR-1352 and A-20, are  distinguished 
from the other surface-active agents listed in being non- 
hemolytic. This is  evident a t  concentration levels ap-
proximately 1,000-fold greater than is necessary to pro- 
dnce hemolysis with the other surface-active compounds. 
These two compounds, which in high concentration arc  
nonhemolytic to sheep cells, evidence this innocuousness 
a t  concentration levels a t  which they depress the surface 
tension of H,O from a control value of 72 to 33 or 42 
dynes per cm. I n  contrast, the other nonionic and ionic 
surface-active agents i n  Table 1are E~emolytic a t  concen- 
tration levels which depress the surface tension of their 
aqueous solutions to 37 dynes per cm for  the least hemo- 
lytic and to 68 dynes per cm for the most hemolytic corn 
pound. Thus, alteration of the physical properties of 
the solution as  exemplified by measurements of surface 
tension can in  no way suffice to explain the presence or 
lack of hemolytic activity of surface-active agents. Both 
anionic and cntionic surface-active agcnts have been 
shown to form saltlike, stoichiometric complexes with 
proteins and to cause their denaturation (2, 7) .  Non-
ionic compounds, on the other hand, do not possess strong 
polar groups and are thus unable to enter into electro- 
static interaction with proteins, as  is  evident from studies 
of electropl~oresis ( 5 ) ,  precipitation (1, 2 ) )  and altera- 
tion of biological activity (1,  2). This means that  the 
hemolytic activity of those nonionic compounds which 
evidence this property must he based upon nonclzctro- 
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static interactions with cellular components irlvolving van 
der Waals' forces or hydrogen bonding. The Begree of 
polymerization may be an  important factor i n  deter-
mining tlie hemolytic activity of tliese nonionic surface- 
active agents with the most highly polymerized com-

TABLE 1 

1IEACoI.STIC ACTIVITY OB S$:LECT&D SURFACE-ACTIVE AGENTS 

Conccn- Surfacetrntion tension(':[rl) (dsnes/em)
Surface-active agent 

,00-min a t  that 
collrCI1-bcmolysis trntiontime 

Nonionic compounds 
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The Inhibitory Effect of Three 
Antihistaminic Compounds on the 
Growth of Fungi Pathogenic for Man 

Layne E. Carson and Charlotte C. Campbell 

Departnzents of Basic Sciesce and Bacteriology, 

Triton \VR-1352 . . . . . . . . . . . . .  > 10,000 (42)* 

Triton 1\-20 . . . . . . . . . . . . . . . . .  >10,000 (33) 

Triton hI-3Gl0 . . . . . . . . . . . . . .  33 37 

Triton N-100 . . . . . . . . . . . . . . . .  30 40 

Triton S - 1 G G  . . . . . . . . . . . . . . . .  10 51 

Triton \TI<-136:s . . . . . . . . . . . . .  18 40 

Triton \VR-1360 . . . . . . . . . . . . .  6 40 

Triton Wit-1.164 ............. 4 57 


Ar~ior~iccompounds 

13ioctyl sodiuni sulfosoccinate 
(Aerosol OT) . . . . . . . . . . . . .  20 52 

Sodillin laoryl sulfilte 
(13ul?onol IVA)  . . . . . . . . . . . .  17 GO 

3,D-DiethyltridecnnolA 
sodium sulfate (Ycrgitol 7) .. 5 57 

Cntionic compounds 

Cetyl dim~tli) l henzyl 
ammonili~rl chloride ........ 9 57 

Cetyl pyridinium chloride 
(Ceepryn) . . . . . . . . . . . . . . . .  4 67 

Cetyl trimethyl ammoniur~i 
hroniidr (CTA4C) .......... 4 68 

* Values in ~tircntheses were measured a t  a concentration 
of 10,000 pg/ml. 

pounds evidencing the least hemolytic activity. How-
ever, a n  insufficient range of compounds was available t o  
establisli tliis point. 

It is of interest to record, in addition, tha t  the two 
compounds observed to have such low hemolytic activity 
also displayed a low toxicity. lJpon intraperitoneal 
injection into mice, both Tritons WR-1352 and A-20 had 
an  LD, (10-day observation period) of more than 2,500 
mg  per lcg body wt. No higher concentrations were used, 
due to the viscosity of these compounds a t  this level. 
This is  i n  contrast with the TiD7,,'s of the other compounds 
listed in Table 1, which ranged from 1 to 50 mg  per k g  
for the cationic, 70 to 100 for  the anionic, and 100 to  
300 for  the other nonionic con~pounds. 

I n  summary, attention has been called to  two nonionic 
surface-active agents capable of altering the physical 
properties of solutions but largely devoid of such dele- 
terious biological effects as  hemolytic activity and 
toxicity. 

Army Medical Departme?zt Research and 
Gradzcate School, Washi~tgton, D. C. 

Recent observation in this laboratory revealed tha t  
several cases of tinea pedis (athlete's foot)  responded 
dramatically to applications of a cream containing 2v0 
pyribenzamine. This observation suggested tha t  tlie 
untiliistamines sliould be assayed for  inhibi toq  activity 
against the pathogenic fungi. The following studies 
were conducted to determine wlietl~er the effect noted 
was solely against allergic manifestations incited by %he 
eliologic agent (4)  or whether such conlpounds possessed 
fungistatic or fungicidal properties as  well. 

Tliree crystalline antiliistaminic conipo~~nds selected for 
investigation were pyribenzamine l~ydrochloride (Ciba); 
antistine hydrochloride (Ciba) ,a and di-pllenyl-pyraline 
(RTop~o).~ Final concentrations of 0.1, 0.25, 0.5, 0.75, 
and 1.0 mg/ml of the freely soluble drugs were prepared 
iu Mycophil broth (Baltimore Biological Laboratory). 
These were dispensed to tubes in 5.0-ml quantities and 
z~utoclaved a t  15 Ib for  15  min. After sterilization the 
p H  of the control broths as well as  those containing 
tlie varying concentrations of di-phenyl-pyraline and an- 
tistine was 6.65; those containing pyribenzamine were 
p H  6.3. 

Tlie dermatophytic species tested included four strains 
of Microsporum, eight of TricAophyton and seven of 
Epidermophyton poccosum. Single strains of Candida 
albicans, Cryptococcus neoformans, nistoplasma capsula- 
tum, and Blastomyces dermalitidis, causative agents of 
systemic mycoses, were also employed in the study. With 
the exception of three organisms (T. ferrugineum, G. 
albicans, and C. neoformans) all straiqis had been isolated 
from human lesions within the previous six months. 

The test media containillg the antihistamines and the 
control media without antiliistamine compounds were iu- 
oculated with $-nil amounts of organism suspension pre- 
pared according to the method outlined in a previous 
publication from this laboratory (1). All cultures were 
incubated a t  28" C and examined for  comparative growth 
a t  three-day intervals for a period of two weeks. 

N,N-dimethyl-N'- ben7yl -N'- (a-1,yridyl) -ethylenediamine 

~nonohyilrochloridc. 


2 2 N - h e n z y l - N - p h e n y 1 - a m i n o m e t 1 ~ y l - i m i ~ ~ d r o c l ~ l o r i d e .  
3 l-Alet11yl-piperidyI-4-ben7l1ydrglether. 


