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Damaging Effect of Detergents on Human Lymphocytes 
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Detergents  a re  impor tan t  env i ronmenta l  pollutants:  a knowledge 
of the i r  damaging effect  on human cel ls  is thus impor tan t  f r o m  an 
envi ronmenta l  toxicological  point of view. They a re  applied in labo- 
r a t o r y  p rac t i ce  (BILLINGTON et at. 1977, CARLSSON et al. 1979), 
in households ,  and in chemica l  industry .  Wastewaters  and natural  
waters  are  over loaded by these  compunds.  In spi te  of that,  the i r  
d i r ec t  study on human or  o ther  ce i ls  has been neglected compared  
to invest igat ions on other  impor tan t  polluting agents,  e . g .  heavy 
metals  ( ~IUCKER & MA'I'IE 1980, MARKARIAN et al.  198(}), pes t i -  
cides (MOYER & BARTHALMUS 1980, NEHEZ et al .  1979), food 
components  (DRANE et al, 1980), var ious  drugs ,  carc inogenic  and 
mutagenic agents (HAR~[METZ &SLEM:ROVA 1980, HORVA2H 1980) 
~l'he effect  of var ious  de tergents  on oxidative p r o c e s s e s  and on m em -  
brane s t r uc tu r e  of [eukocytes has been studied e a r l i e r  (GRAHAM et 
al. 1967). 2:he ro le  of s e r u m  bite acids in l iver  lesion has been 
also invest igated {GOPINA~H e t a [ .  1980). 

In this paper  expe r imen t s  on human tons i l la r  lymphocytes  as 
model  cel ls  a re  repor ted ,  Human tymphocytes  have been also used 
as ce l ls  for  test ing (NA'IARAJAN&OBE 1980, LAMBER2 & LINDBLAD 
1980), thei r  application is r easonab le  because  they are  p resen t  in 
large amount in tonsils .  ~ h r e e  types of de te rgen t s ,  cat ionic (CPB), 
non-ionic (NP-40) and anionic (SDS and DOC) ,  were  invest igated.  
~he  study of DOC is pa r t i cu la r ly  impor tan t  because this bile acid 
is a physiological  component of blood p lasma and the ro le  of these 
acids had been studied r ecen t ly  (GOI~INATH et at. 1980, JANSEN 
et at. 1980). 

Abbreviations: 

CPB=cety tpyr id in ium bromide ,  DOC=sodium deoxychotate ,  
NP-40=Nonidet P-40 ,  phenyt -e thyi -potye thylenglycol ,  
SDS=sodium dodecyt  sulfate 
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MATERIALS AND METHODS 

Tonsiitar lymphocytes were prepared according to ANTONI et 
at. (1978). Detergents were applied at the foLLowing final concentra- 
tions: 0.001, 0.005, 0.01 and 0.02 % in the case of DOC: 0.001, 
0.005, 0.01, 0.1 and 1 %  in the case of other detergents. Ceils 
were treated with detergents for 0, 60, 90, 120, and 180 min and 
24 h at 37~ The effect of detergents on the target lymphocytes 
was examined in three different ways: (i) integrity of the celts was 
measured on the basis of their DNA synthesis,  (ii) intactness of the 
ceil membrane was monitored by the 51Cr-release assay, (iii) so- 
Lubilizing capacity was character ised by the amount of proteins pre- 
sent in the supernatants of the cells. 

3 
(i) DNA synthesis was determined by H-thymidine incorporation 

into DNA of the cells.  Lymphocytes (107per mL) were incubated in 
Eagle ' s  medium with or without detergent, after different incubation 
periods ceils were washed twice with Hanks' solution and were in- 
cubated in Eagle ' s  medium at 37~ for 60 min in the presence of 
3H-thymidine (1.1x105 Bq). Radioactivity of the isolated DNA was 
determined with a liquid scintillation counter. DNA was measured 
by the method of BURTON (1956). 

(ii) In ~i!hS:~l~:O51!:qSSN~:~!,rO:411fi:t:!!O7c:ii:4L)~?~e CSe:l!ii~S!~y e LabeLed 
washed 
in Eagle, s medium (107lymphocytes/mL) in the presence of deter-  
gents as mentioned above. In a control ser ies  cells were incubated 
in water without any detergent for the same time. At the end of 
incubation radioactivity of the ceil supernatants was measured with 
Gamma NK 350 scintillation counter (Gamma Works, Hungary). 

(iii) In the protein solubilization experiments cells (2x10- per mL) 
were suspended in Hanks, medium because the aromatic components 
of the Eagle ' s  medium interfere with the protein determination. 
Protein was measured in 0.5 mL supernatants with a micro-scale  
modification of the LOWRY method (1951). 

SDS and DOC were purchased from 1Reanal (Budapest), NP-40 
from BDH and CPB from United Pharmaceutical and Nutrient Works 
(Budapest). Other reagents were also of analytical grade. 3H-thymi- 
dine was the product of UVVR (Pragt!.e, Czechoslovakia) with a spe- 
cific activity of 6.3x1011 Bq/mmot. 51Cr-iabeled sodium chromate 
was purchased from the Institute of Isotope Hungarian Academy of 
Sciences (Budapest). 
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RESULTS AND DISCUSSION 

(i) 3H-thymidine incorpora t ion .  Fig.  1. shows that each  de te rgent  
caused a d e c r e a s e  of thymidine incorpora t ion  into DNA in tons i l la r  
lymphocytes .  The least  damaging effect  was produced  by anionic 
de te rgen t s .  Even af te r  a t r ea tmen t  of cei ls  with 0 . 1 %  SDS for  3 h, 
the values of thymidine incorpora t ion  into DNA was about one th i rd  
of the cont ro l  (original) value. The effect  of NP-40 was m o re  p ro -  
nounced in higher  concentra t ions  but at the same t ime it enhanced 
thymidine incorpora t ion  in the lowest  applied concent ra t ion  as low 
as 0 .001%s it  caused a p rompt  and total  inhibition of DNA-synthes is .  

(ii) 5 1 C r - r e l e a s e .  CPB was also found to be the most  damaging 
de te rgen t  as tes ted  by ch romium r e l e a s e  (Fig. 2. ). Fo r  example ,  
at 0. 005 % concent ra t ion ,  a f te r  60 rain t r e a tm en t  62 % was r e l e a s e d  
f r o m  the total  ce l l  label.  NP-40 caused the r e l e a s e  of 2 .3  % of the 
total  label whereas  SDS did not cause  any r e l e a s e  under  the same 
conditions.  DOC- t rea tmen t  r e su l t ed  in less  than 1 %  r e l e a s e  even 
af ter  180 rain at the same concentra t ion.  Increas ing  the de te rgen t  
concent ra t ion  the ch romium r e l e a s e  s eemed  to be more  marked ,  
neve r the l e s s ,  at the highest  CPB-concen t r a t i on  (1%)  this r e l e a s e  
d e c r e a s e d  compared  to the 0 . 1 %  CPB (Fig. 2). This  may be ex-  
plained by an enhanced adsorp t ion  of the r ad ioeh roma te  or by the 
p ro tec t ion  of many enc losed  intact  ce i ls  within ce l lu la r  aggrega tes  
p roduced  at this e levated  de te rgen t  concentra t ion.  

~iii) Solubilizing capaci ty  of d i f fe ren t  de te rgen t s .  In spi te  of the i r  
sl ight damaging effect ,  the anionic de te rgen ts  w e re  m o re  effect ive  
in the solubi l izat ion of the pro te ins  than CPB or  NP-40 (Fig. 3). 
I nc rease  in de tergent  concent ra t ion  did not cause  a s ignif icant  and 
propor t iona l  enhancement  in the amount of solubi l ized pro te ins  in 
pa r t i cu la r  in the case  of CPB and NP-40.  The effect  of high con-  
cent ra t ions  could not be tes ted  because  they d i s t u rb ed  pro te in  e s t i -  
mation.  280/'ag pro te in  was solubi l ized f ro m  2x107 cel ls  in the case  
of the most  effect ive  reagent  ( 0 . 0 1 %  SDS, 120 rain). This  was about 
one third of the total  p ro te in  content,  showing that i n t r ace l lu l a r  p ro -  
teins were  also r e l e a s e d  f rom the lymphocytes .  

Detergents  we re  used for  pro te in  solubi l izat ion at h igher  con-  
cent ra t ions  (more than 0 . 1 % ) .  These  agents could be applied at 
lower concent ra t ion  without ce l l  d is rupt ion  both in bac te r i a l  and eu-  
karyot ic  ce l l s .  0.005 % DOC caused the inact ivat ion of the prol ine  
t r anspo r t  sy s t em in E . c o l i ,  but i t  could be r eac t iva t ed  with bovine 
s e r u m  albumin (MIZUSHIMA 1976). 0 . 0 1 %  DOC- t rea tmen t  r e su l t ed  
in the solubi l izat ion of a g lycoprote in  which inhibited the DNA syn-  
thes is  (I-IRAB.~K et al. 1980) and in a d e c r e a s e  of lec t in  s t imula t ion  
and r ad ioch roma te  uptake (paper in prepara t ion)  without cons iderab le  
ce l l  disrupt ion.  
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Fig.1. The effect of detergents on the 3H-thymidine incorporation. 

Abscissa: time of treatment,  ordinata: thymidine incorporation 3H cpm/tag 

, , A .  [ ]  : eontro~ [ ] =  0 001% [ ]  = 0 0o~ %. ~ : 0 Ol ~ .  [ ]  0 o2 ~, 

[ ]  = 0,1%D [ ]  = 1% detergent. S.E.M. was catcutated from 6 experiments. 
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Fig.2. The effect of detergents on the chromium re l ea se .  

Abscissa: time of treatment,  ordinata: 51Cr re [eased /cpm/ .  

[ ]  : oontrol, [ ]  : o ool % ~ : o ~ % [ ]  : 0 ol % [ ]  : o o2 ~, 

~__J : 0 . 1 % ,  [ ]  - - 1 %  detergent. I : total 51Cr label, ~ = hypotonic 

lysis with H20. S .E.M.  was calculated from 4 experiments.  

508 



150- 

90 

30 

90 

30 

300 

100 

CPB 

0 60 120 180 rnin 

NP 

0 60 120 180 min 

SDS 

0 60 120 180 min 

~.-~ 
�9 I I I I I I N  \ 

, i i } l l ~  % 

. I I I I I I k  \ 

I t ' /  
I / ]  " I l I [ 1 1 ~  \ 

V ~  . . . . . . .  

w,- �9 

V ]  

v �9 - �9 . . . . . .  

I , - /  

�9 . I I  I I I I , .  

r s  ,..IIIIIK \ 
24 hours 

24 hours 

24 hours 

300 

100 

DOC 

0 90 180 min 
Fig .3 .  The effect of detergents  on prote in  soiubit izat ion.  

24 hours 

Abscissa :  t ime of t r ea tmen t ,  ordinata:  ug prote in  so[ubi[ized from 

2 x 107 lymphocytes .  [ ]  = control ,  [ ]  : % 0 0 1 % , [ ~  : 0.005 %, 

[ ]  = 0 . 0 1 % ,  [ ]  = O. 02 % /h igher  concentrat ions of detergents  

caused aggregat ion or  in te r fe rence  in prote in  de te rmina t ion / .  S .E .M.  

was catcutated from 3 exper iments .  
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GRAHAM et al. (1967) p e r f o r m e d  e x p e r i m e n t s  with d i f ferent  
s u r f a c e - a c t i v e  agents  on po l ym orphonuc l ea r  and mononuc lea r  cei ls .  
Lower  concen t ra t ions  of DOC, digitonin and endotoxin caused  a con-  
s i de rab l e  i n c r e a s e  in g lucose  oxidation and r e s p i r a t i o n  as wel l  as 
in the uptake of inulin. However ,  these  agents ,  except  digitonin,  
did not cause  any damage  to p l a s m a  m e m b r a n e s .  Digitonin t r e a t m e n t  
d i s rup ted  m e m b r a n e  s t r u c t u r e  as shown by e l ec t ron  m i c r o s c o p y .  
Cho les t e ro l  p ro t ec t ed  the m e m b r a n e  agains t  digitonin but the effect  
of DOC was not affected.  Other  de te rgen t s  (Tr i ton-X-100 ,  SDS) had 
no or  s l ight  e f fec ts  on oxidat ive p r o c e s s e s .  

In the p r e s e n t  e x p e r i m e n t s  the va r ious  types  of de t e rgen t s  
we re  found to da m age  lymphoey tes  to d i f ferent  ex tents .  CPB,  the 
cat ionic  de te rgen t  showed a d r a s t i c  effect  even at 0 . 0 0 1 %  concen t -  
r a t ion ,  but it  caused  only a s l ight  d e c r e a s e  in the r e s p i r a t i o n  of 
leukocytes  (GRAHAM et a[. 1967). I ts  s t rong  ef fec t  on lymphocytes  
may be expla ined by the r e l a t i ve ly  hydrophobic  c h a r a c t e r  of the 
ce ty lpyr id in ium ion. The i m p o r t a n c e  of this c h a r a c t e r  with r e s p e c t  
to the capac i ty  of a de te rgen t  was a l r eady  p roved  by the c o m p a r i s o n  
of d i f fe ren t  bile acids (VYVODA et al. 1977). We have no data  the 
ef fec t  of C P B  on s e v e r a l  e n z y m e s ,  the eventual  inhibit ion of c e r t a i n  
e n z y m e s  involved in DNA syn thes i s  may also  be r e s p o n s i b l e  for  the 
toxic p r o p e r t i e s .  

The c h a r a c t e r  of the e l ec t r i c  cha rge  may  have an i m p o r t a n t  
r o l e :  the anionic de te rgen t s  have  only a mode ra t e  effect .  The expe -  
r i m e n t s  r e p o r t e d  h e r e  sugges t  that anionic de t e rgen t s  can be used 
advantageous ly  for  p ro te in  solubi l iza t ion  both in l a b o r a t o r y  p r a c t i c e  
and in o ther  a r e a s ,  because  of the i r  g r e a t  capac i ty  for  so lubi l iza t ion  
and because  of the i r  m o d e r a t e  e f fec t s  on ce l lu la r  in tegr i ty .  

Due to the i n c r e a s e d  consumpt ion  of su r f ace  ac t ive  m a t e r i a l s  
in households  and indus t r i a l  p lants  , sewages  contain l a rge  amounts  
of diluted de te rgen t s .  F o r  this r e a s o n ,  the inves t iga t ion  of the da-  
maging ef fec ts  of de t e rgen t s  at lower  concen t ra t ions  may be of g r ea t  
i m p o r t a n c e  with r e s p e c t  to wa te r  pol lut ion and to the p ro tec t ion  of 
the env i ronment .  

Our r e s u l t s  on human model  ce i l s  can cont r ibu te  to the infor-r 
mat ions  on the eff ic iency of va r i ous  de te rgen t s  and may  be useful  
in avoiding the i r  haza rdous  appl ica t ions  both in the l a b o r a t o r y  and 
in p r a c t i c a l  a r e a s .  F u r t h e r  s tudies  a r e  planned to obtain in fo rma t ions  
on the effect  of these  s u r f a c e - a c t i v e  agents  on ce l lu l a r  e n z y m e s .  
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