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The resting membrane potential, Era, and the cell input resistance, Rinp, of cultured human Chang liver cells 
were measured using the single electrode 'double-pulse' current clamp technique, following exposure of the 
cells to the insecticide D D T  (20/zM). In control (unexposed) cells, the mean E m was - 2 4  mV, and the mean 
R i,p was 30 M D. Neither parameter was significantly impaired after 1 h of cell exposure to DDT. But after 7 
and 48 h, the E m was depolarized by 15 and 25 mV, respectively, in parallel with a decrease of the cell input 
resistance. The strongly time-delayed effect of D D T  on Chang liver cell membranes may indicate a mode of 
interaction different from excitable membranes. 

Knowledge of reaction mechanisms of pesti- 
cides in biological cells is indispensible for risk 
evaluation of potential hazards in animals and 
man. We have been studying the interaction of 
pesticides with mammalian cell plasma mem- 
branes of cultured Chang liver cells, an established 
cell line of human origin. The insecticide 1,1,1-tri- 
chloro-2,2°bis(p-chlorophenyl)ethane (DDT) was 
shown to interact with plasma membrane proteins 
[1,2]. Endogenous tryptophan fluorescence of 
membrane proteins was decreased [2], indicating 
interference of the insecticide with membrane pro- 
teins, and binding of the hormone antagonist hy- 
droxybenzylpindolol to the fl-adrenergic receptor 
was diminished [1], indicating a specific loss in the 
apparent  number  of fl-receptors. 

The effect of D D T  on these membrane proteins 
was not parallel in time with the uptake of the 
insecticide by the cells: whereas the physical pro- 
cess of uptake into the cell plasma membrane 

Abbreviation: DDT, 1,1,1-trichloro-2,2-bis(p-chlorophenyl)- 
ethane. 

came to equilibrium within 6 h of cell exposure to 
DDT,  it was 48 h before either biological effect 
was significantly developed [2]. On the other hand, 
the activity of some other plasma membrane en- 
zymes was not affected under identical experimen- 
tal conditions [2]. Therefore, we set out to define 
closer the degree of specificity of D D T  interaction 
with these cells. 

Electrophysiological parameters, such as the re- 
sting membrane potential [3] and the cell input 
resistance (terminology as in Ref. 4), appear to 
reflect cellular damage sensitively. In order to 
determine the response of these membrane param- 
eters under the conditions of cell exposure to the 
lipophilic insecticide DDT,  we applied the 'dou- 
ble-pulse' current clamp technique (Refs. 5, 6 and 
legend to Fig. 1) on cultured human liver cells. We 
took advantage of the following characteristics of 
this method: (i) reduction of leakage by single 
electrode impalements only; (ii) potential-con- 
trolled audio signal indication of correct electrode 
insertions (in addition to optical control); (iii) 
sampling of signal amplitudes in the voltage re- 
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l a x a t i o n ,  t h u s  a v o i d i n g  o v e r s h o o t  p h e n o m e n a  o f  

e l e c t r o d e  r e s i s t a n c e ;  ( iv)  p o l a r i t y  c h a n g e  for  eve ry  

' d o u b l e - p u l s e ' ,  t h u s  p r e v e n t i n g  p o l a r i z a t i o n  

a r t e f a c t s  o n  t h e  m e m b r a n e  p o t e n t i a l .  

C h a n g  l ive r  cel ls  ( A T C C  N o .  C C L  13) we re  

c u l t u r e d  in  m o n o l a y e r  as  d e s c r i b e d  ea r l i e r  [2]. 

A b o u t  2 . 1 0  6 cel ls  w e r e  p l a t e d  p e r  c u l t u r e  d i s h  

( F a l c o n ,  10 c m  in  d i a m e t e r )  o n  t h e  d a y  p r e c e d i n g  

t he  e x p e r i m e n t .  Ce l l  d e n s i t y  w as  s u f f i c i e n t  to  p r o -  

v i d e  p r o p e r  p h y s i c a l  c o n t a c t  b e t w e e n  cel ls  in  o r d e r  

to  e s t a b l i s h  h o m o g e n o u s  e l ec t r i ca l  c o u p l i n g  be -  

t w e e n  t h e m .  Fig.  1. s h o w s  t yp i ca l  c h a r t  r e c o r d s  o f  

t h e  m e m b r a n e  p o t e n t i a l  E m a n d  t he  cell  i n p u t  

r e s i s t a n c e  Rinp. U n d e r  s t e a d y - s t a t e  c o n d i t i o n s ,  i.e., 

a f t e r  4 - 6  m i n  o f  e l e c t r o d e  i m p a l e m e n t s ,  b o t h  

p a r a m e t e r s  we re  c l ea r ly  d i f f e r e n t  f r o m  c o n t r o l s  in  

cel ls  w h i c h  h a d  b e e n  e x p o s e d  to  D D T  for  7 a n d  48 

h. T a b l e  I c o m p i l e s  m e a n  v a l u e s  a n d  s t a n d a r d  

d e v i a t i o n s  o f  E m a n d  R in p in  e x p e r i m e n t s  c o n -  

d u c t e d  a f t e r  1, 7, a n d  48 h o f  cel l  e x p o s u r e  to  

D D T ,  t o g e t h e r  w i t h  a n  e v a l u a t i o n  of  t h e i r  s t a t i s t i -  

ca l  s i gn i f i c ance .  A s  s h o w n  in  t he  t ab l e ,  e x p o s u r e  of  

cel ls  to  D D T  fo r  1 h h a s  a n  i n s i g n i f i c a n t  e f fec t  o n  

b o t h  p a r a m e t e r s .  I n  c o n t r a s t ,  e x p o s u r e  fo r  7 a n d  

48  h d e p o l a r i z e d  t h e  m e m b r a n e  p o t e n t i a l  in  t he  

m e a n  b y  15 a n d  25 m V ,  r e spec t ive ly ,  in  p a r a l l e l  to  

a s i g n i f i c a n t  d e c r e a s e  of  t he  cel l  i n p u t  r e s i s t ance .  

T h e  m e a n  m e m b r a n e  p o t e n t i a l  o f  C h a n g  l iver  cel ls  

c o m p a r e s  f a v o r a b l y  w i t h  v a l u e s  r e p o r t e d  for  o t h e r  

m e m b r a n e  p o t e n t i a l s  in  m o n o l a y e r  c u l t u r e d  m a m -  

m a l i a n  cel ls  [7,8]. I t  is n o t e w o r t h y  t h a t  t h e  m e m -  

b r a n e  p o t e n t i a l  of  c o n t r o l  cel ls  a p p e a r s  to  i n c r e a s e  
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Fig. 1. Electrophysiological measurement of the membrane 
potential, E m, and the cell input resistance, R i.p, of Chang liver 
cells. Typical simultaneous recordings with time of E m (upper 
panel) and of Rin p (lower panel, positive current) in three cells 
are shown. Cells were impaled at time zero following no (C, 
control), 7 h (DDT, 7 h), and 48 h (DDT, 48 h) exposure to 
DDT (20/tM, cf. Ref. 1). The basics of the electrophysiological 
measurements are described elsewhere [5]. Briefly, cells were 
impaled by a single-barreled microelectrode which served both 
for potential recording and current injection. Bipolar 'double- 
pulse' current stimuli were injected into the cell and signal 
amplitudes were sampled in the voltage response of the circuit 
at distinct times carefully adjusted to the different time con- 
stant of the electrode (%) and of the cell membrane (~'inp), 
respectively (Tinp/'/'i > 50). Values of E m, Rin p and of the 
electrode resistance (not shown here) were calculated by dif- 
ferential amplifiers and were recorded with a y, t multi-pen 
recorder. The current-voltage relationship was nearly linear for 
voltage deflections smaller than 50 mV from the resting poten- 
tial. Adjustments for the Electrophysiological Monitor ELM2 
were [4]: short pulse, 1 ms; long pulse, 100 ms; t (SH1)= 
200-300 ~ts; I = _+ 1 nA. Electrode resistances were from 40-60 
MO and tip potentials were smaller than - 3  mV in the 
experimental solution. 

TABLE I 

MEMBRANE POTENTIAL AND CELL INPUT RESISTANCE OF CHANGE LIVER CELLS 

Cells were exposed to growth medium without DDT (control) or to growth medium containing 20 ttM DDT (+  DDT). Impalements 
were started after the exposure times indicated, and the eleetrophysiological experiments were performed within 1 h. Two or three 
dishes of each preparation were used. E m and Rinp data are given as the mean value_+ S,D. (number of impalements). Statistics: Expt. 
1, Era: P ~< 0.2; Rinp: P ~< 0,5; both not significantly different from control (marked *). Expt. 2, Era: P ~< 0.002; Rinp: P ~< 0.02, Expt. 
3, Era: P ~< 0.001; /~inla: P ~ 0.001; all values significantly different from controls (t-test). 

Expt. Exposure Exposure time E m R inp A Em A R inp 
(h) (mY) (MI2) (mY) (M~2) 

1 control 1 - 18 + 9 (6) 34 + 14 (6) 
+ D D T  1 -12_+ 6(8) 40_+15 (8) 6 "  + 6 "  

2 control 7 - 22_+ 8 (6) 45 _+ 15 (6) 
+ D D T  7 - 7 +  4(6) 25+ 7(6) 15 - 2 0  

3 control 48 - 28 _+ 13 (6) 40 _+ 12 (6) 
+ D D T  48 -3_+ 2(5) 4_+ 3(5) 25 - 3 6  



with the t ime elapsed from the last change of the 

growth med ium (Table I), as has likewise been 

observed in rat hepatocytes [9]. 
Under  our  experimental  condi t ions  of cell ex- 

posure, the decrease of the electrophysiological 

m e m b r a n e  parameters  E m and R in p precedes the 
effect of D D T  on endogenous  t ryp tophan  fluores- 

cence as well as on the fl-receptor in the same 
membrane .  On the other hand,  membrane  poten-  
tial and  cell input  resistance reflect the presence of 
D D T  rather late when compared with the time- 

course of D D T  action on excitable nerve cell 

membranes .  For  example, an increased negative 

after potent ial  as well as a decreased resting mem- 

b rane  potent ial  were observed within 20 rain of 
exposure to D D T  of lobster nerve preparat ions  

[10]. When directly applied onto  the outer hair 
wall of the moth Antheraea polyphemus, a com- 
plete break down of the membrane  potent ia l  of the 

receptor cell dendri te  was observed even within a 
few seconds [11]. One may conclude that the de- 

crease of E m and  R in p caused by D D T  in Chang 
liver cells does not  follow the mechanism of D D T  
poisoning in excitable cells. The action on excita- 
ble membranes  is obviously dependent  on the rate 
of access of the insecticide to the target m e m b r a n e  

site. In contrast ,  the strongly delayed effects on 
various plasma m e m b r a n e  funct ions of non-excita-  

ble h u m a n  liver cells can not  be explained solely 

be a low rate of insecticide diffusion, but  may 

rather indicate in teract ion either with separate 
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prote in  targets in the cell p lasma membrane  or 

with a c o m m o n  target site dis tant  from the mem- 
brane.  In  this way, the insecticide D D T  could 
interfere with the metabol ism of specific mem- 
brane  proteins elsewhere within the Chang liver 

cell. 
We thank Miss Eva-Maria  Linderer  for the 

prepara t ion  of the microelectrodes. 
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