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Abstract-( 1) Lidocain inhibited I 3H lthymidine and [ )H luridine incorporation in human tonsillar lympho- 
cytes known to synthetize DNA in the absence of mitogens. This effect of lidocain was shown to be due to an 
inhibition by the anaesthetic of the uptake of the labeled precursors. (2) Lidocain was found to sensitize 
lymphocytes to the cytolytic effect of antilymphocyte serum. Lidocain is assumed to inhibit a hypothetic 
repair mechanism responsible for the integrity of the plasma membrane. 

Local anaesthetics are known to alter the physicochem- 
ical state of the plasma rnern~~e of cells by increasing 
membrane fluidity I I-31. These compounds decrease 
the binding of calcium to the membrane 14,51, and 
inhibit the function of microtubules and microfilaments 
[6]. Their anaesthetic effect, i.e. the inhibition of neural 
conductivity, is due to the inhibition of the influx of 
sodium ions. Local anaesthetics also affect other kinds 
of cells: they cause membrane expansion in erythro- 
cytes [7,81, destroy the “cap” formed on lymphocytes 
and inhibit “cap” formation 16, M-121. 

Prevention of the mitogen-induced stimulation of 
lymphocytes by local anaesthetic has been subject of 
several reports I9, 13 I; however, the underlying mecha- 
nism has remained obscure. Ferguson has demon- 
strated that the binding of mitogen to cells is not 
influenced by the drugs [9, 131; therefore it has been 
assumed that either the processing of the stimulation 
signal or the synthesis of DNA is inhibited li9, 131. We 
attempted to gain information on the mechanism of the 
inhibition of mitogen-induced stimulation of lympho- 
cytes by studying the uptake and incorporation of 
nucleic acid precursors into human tonsillar lympho- 
cytes which are known to synthetize DNA in the 
absence of mitogen 1141. 

Another line of investigation of the membrane altera- 
tions caused by Lidocain was concerned with the resist- 
ance of lymphocytes to the cytoiytic action of antilym- 
phocyte serum (ALS). 

MATERIALS AND METHODS 

Lymphocytes were prepared from tonsils of 5 to 10 
year-old children as described earlier [ 15, 161, and 
suspended for incubation in Eagle’s minimal essential 
medium completed with penicillin and streptomycin 
(100 lug per ml, each). 

Uptake and incorporation of precursors were studied 
as follows. Cells (10’ in 1 ml)were incubated at 37* for 
60 min with 1.5 $i [‘Hlthymidine (26 Ci per m-mole) 
or with 3 &i 13Hluridine (25.5 Ci per m-mole). La- 
beled precursors were products of the Institute of Iso- 
topes. Prague. After incubation the cells were washed 

Abbreviations: PCA, perchioric acid; ALS, antilymphocyte 
serum; c.p.m., counts per minute. 

twice with ice-cold Hanks’ solution. then homogenized 
in cold 0.5 N perchloric acid (PCA), and centrifuged, 
at 2500 r.p.m., at O0 for 10 min. Radioactivity of the 
acid supernatant was determined. The acid precipitate 
was washed three times with cold 0.5 N PCA, then 
treated with 0.5 N PCA at 90” for 60 min, and centri- 
fuged. The radioactivity of the supernatant was deter- 
mined in a Packard Tri-Carb liquid scintillation spec- 
trometer using toluene based cocktail to which absolute 
ethanol was added. Radioactivity extracted by hot PCA 
from the fraction insoluble in cold acid was regarded as 
a measure of incorporation of precursors into nucleic 
acids (“incorporation”). The total amount of precur- 
sors taken up by the cells (“uptake”) was the sum of 
cold acid soluble radi~~tivity and the amount incorpo- 
rated into nucleic acids, Results are expressed as c.p.m. 
per 10’ cells. In each experiment three parallel samples 
were studied. The coefficients of variation were between 
11.7 and 15 per cent. 

Antilymphocyte serum was produced by the inocu- 
lation of human tonsillar lymphocytes (10’ cells in 
0.1 ml) into the paw of 6 to 8 week-old male rats. After 
8 days the animals were bled and the serum obtained 
was stored at -20° for up to two weeks. Serum of 
untreated animals of similar sex and age was used as 
control. 

Labelling of lymphocytes by 51Cr was performed in 
Eagle’s medium. Cells (10’ per ml) were incubated at 
37O for 30 min with 10,&i of Na,f’CrG, (30 to 
10 mCi per mg Cr purchased from the Isotope Institute 
of the Hungarian Academy of Sciences, Budapest). 
Subsequently the cells were washed three times with 
cold Hanks’ solution in order to remove free radiochro- 
mate. Cells were centrifuged at O”, at 1000 r.p.m. for 5 
min. 

Immune cytolysis was investigated by the use of 
SICr-labeled lymphocytes (lo6 cells) suspended in 
0.5 ml Eagle’s medium containing ALS and additions. 
Serum concentration was 10% (v/v) and the mixture 
was incubated at 3 7O for 40 min, if not stated otherwise. 
The incubation was terminated by centrifugation. 
Radioc~omi~ released by the cells into the medium 
was determ~~ using a well-type crystal sc~t~lation 
detector (Gamma Works, Budapest). Released 51Cr 
was expressed as a percentage of the original total label. 
In each experiment three parallel samples were studied. 
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Fig. 1. Effect of Lidocain on the uptake and incorporation of 
nucleic acid precursors. (Control values, expressed as c.p.m. 
per 10’ cells. were I6,OOO for A, 8 100 for B. 365.000 for C 
and 144,900 for D.) Lidocain inhibited the uptake and 
incorporation of nucleic acid precursors. Calcium ions did 

not counteract the effect of Lidocain. 

The coefficients of variation were between 3.37 and 
15.17 per cent. 

RESULTS 

1. deflect of local anaesthetics on the uptake and 
incorporation qf nucleic acid precursors. Incorporation 
of [3H]thymidine into the DNA of tonsillar lympho- 
cytes was found to be inhibited by aI1 local anaesthetics 
tested. The inhibitory effect of the compounds (at 
10s3 M concen~ation) correlated with their anaesthetic 
efficiency, Nupercain being the most inhibitory fol- 
lowed by Tetrpcain, Lidocain and Procain (Table 1). 

The effect of Lidocain is shown in Fig. 1. It can be 
seen that the cellular uptake of both L3H lthymidine and 
i3H luridine were strongly inhibited by Lidocain, to 
about the same extent. Inhibition of incorporation was 
more marked in the case of thymidine where the precur- 
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Fig. 2. Effect of Lidocain on the spontaneous and ALS- 
induced Wr release. The spontaneous ‘ICr release was in- 
creased by Lidocain only at a concentration higher than 
IO-*M. The ALS-induced Wr release was potentiated by 
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Fig. 3. Time course of “Cr release in the presence of 
Lidocain. 

SOT pool was smaller. Addition of calcium ions did not 
counteract any of these inhibitory effects of Lidocain. 
Uptake and incorporation of precursors were restored 
(85.1-92.5 per cent of the control value) after the 
removal of the local anaesthetic by changing the sus- 
pending medium. The uptake and incorporation of 
lymphocytes, which have been submitted to the same 
experimental procedure but without Lidocain, were 
96.2-98.2 per cent of the control value. 

2. Sensitization of ~mpho~vtes to the cyto&tic effect 
of ALS by Lidocain. Immune cytolysis induced by 
ALS was quantitated by measuring the amount of Wr 
released from lymphocytes prelabeled with radio- 
chromium. Lidocain increased markedly the ALS-in- 
duced SLCr-release of lymphocytes, although it did not 
infiuence significantly the spontaneous 52Cr-retease of 
cells up to a concentration of IO-* M (Fig. 2), therefore 
the drug was applied at this ~ncen~ation in the foilow- 
ing experiments. 

The time course of cytolysis (Fig. 3) as well as its 
dependence on serum concentration (Fig. 4) show that 
Lidocain had a characteristic potentiating effect on the 
cytotoxicity of ALS. The potentiating effect of Lido- 
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Fig. 4. Effect of serum concentration on 5’Cr release in the 
Lidocain at 5 x lo-’ M. presence of Lidocain. 
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Table 1. The relative anaesthetic efkiency and the per cent ~hibit~n of 
f 3H ~~~i~rne incorporation 

Anaesthetics 
Relative anaesthetic 

efficiency 

Per cent inhibition 
of l’Hlthymidine 
incorporation at 

lo-’ M 1O-2 M 

Procain 1 20.0 73.0 
Lidocain 2 44.3 91.3 
Tetracain 25 98.8 99.7 
Cinchocain 25 99.6 99.8 

cain on ~rnun~ cytolysis was counteracted by calcium 
ions which had no effect on either the spontaneous or 
the ALS-induced Wr-release (Fig. 5). 

The experiment presented in Fig. 6 was devised for 
the elucidation of the peculiar effect of Lidocain de- 
scribed above. Labeled lymphocytes were preincubated 
for 10 min in control medium, or with 5% ALS, in the 
presence and absence of Lidocain. Then the cells were 
centrifuged and resuspended in fresh media containing 
various additions as indicated (when present, ALS was 
lo%), and incubated for further 30 min. 

Preincubation of the cells in control medium had no 
effect. The spontaneous Wr release was about the same 
during the (second) incubation as in the experiments 
without pre~cub~ion. ALS increased the “‘Cr release, 
Lidocain did not affect the Wr release in the absence of 
ALS. 

The same results were obtained when cells were 
preincubated for a short time (10 mm) in the presence 
of ALS. Thus the effect of ALS is reversible; after its 
removal it does not affect the Y!r release during the 
(second) incubation. In contrast, after preincubation of 
cells with ALS and Lidocain, 5rCr release continued 
even in the control medium. Further, Lidocain in itself 
was as effective in maintaining the leakage of Yr from 
cells as ALS. Cells, simultaneously exposed to ALS 
and Lidocain, are more susceptible to Wr release. 

Ac~r~m~y, the reversible injury of cells caused by 
ALS (and complement) changed to an irreversible 
damage in the presence of Lidocain. Calcium ions were 
shown to counteract the ALS-potentiating effect of 
Lidocain, and in the latter system calcium restored the 
reversible character of the cellular injury. 

A*****A ALS + Lidocoin, 10-2 14 

0-0~ ALS 

-without serum 

Fig. 5. Effect of calcium ions on $0 release in the presence of 
Lidocain. Calcium ions had no effect on the 5’Cr release in the 
absence of Lidocain, but inhibited the potentiating effect of 

Lidocain on the ALS-induced “Cr release. 

These ex~iments were carried out ‘7 times. The 
coefhcients of variation were between 4.26 and 14.8 per 
cent. 

DISCUSSION 

Local anaesthetics are known to aUect the plasma 
membrane of cells in general. This is why the observa- 
tions that these compounds inhibit mitogen stimulation 
without interfering with the membrane-binding of mito- 
gem have been difficult to interpret. Human tonsillar 
lymphocytes, which contain many stimulated ceils syn- 
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Fig. 6. Reversibility of the Wr release of ALS-treated 
lymphocytes. The lower columns show the Wr release dur- 
ing preincubation in control medium, ALS (5%) containing 
medium, and in the presence of ALS (5%) and Lidoeain 
(IO-* M), respectively. After preincubation, taking 10 min, 
the media were changed and cells were incubated for a further 
30 min. 

Control media were exchanged for: column l---control 
medium; column 2-ALS (lO%~on~~mg medium; col- 
umn 3--Lidncain (lo-’ M)-containing medium. 

ALS containing medii were exchanged for: column 4- 
control medium: column 5-ALS (lO%)_containing me- 
dium; column 6-Lidocain (IO-’ M)-containing medium. 

ALS and Lidocain containing media were exchanged for: 
column 7--control medium; column g-calcium (6.8 mM)- 
containing medium; column 9-ALS (lO%)-containing me- 
dium; column IO-Lidocain (lo‘* M)-containing medium; 
column 1 l--calcium (6.8 mM)- and Lidocain (lo-* M)con- 

taining medium. 
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thetizing DNA in the absence of mitogen [ 14) are 
particularly suited for the examination of this problem. 
since in these ceils mitogenic stimulation has occurred 
in viva. There remained to be investigated whether the 
incorporation of externally supplied precursors is 
blocked at some stage. As shown by our results, at least 
one of the impaired steps is the membrane transport of 
nucleosides. This may account for all findings accord- 
ing to which mitogen-induced incorporation of radioac- 
tive thymidine has been inhibited by local anaesthetics 
[P, 131. Neither the inhibition of mitogen stimulation 
191 nor the inhibition of transport have been prevented 
by calcium ions. The inhibitory effect of local anaesth- 
etic was found to be reversible. 

The enh~cement by Lidocain of the ALS-induced, 
complement-mediated cytolysis exhibited the charac- 
teristics of a potentiating effect. Lidocain may sensitize 
the plasma membrane to the action of the complement 
and/or it may inhibit some mechanism responsible for 
the reparation of complement induced lesions. Accord- 
ing to the doughnut hypothesis I 171 these lesions are 
transmembrane channels produced by the annular in- 
sertion of terminal complement components into the 
phospholipid bilayer. However, according to recent 
concepts complement lysis is accompanied by a major 
rearrangement of the membrane structure [ 181, in- 
volving lateral seggregation of membrane lipids and 
proteins [ 191, probably due to the detergent like effect 
of C8 and C9 [ZO]. Local anaesthetics are known to 
increase the fluidity of membranes [ I-3 1. thus changes 
in the physico-chemical state of the membrane caused 
by Lidocain may predispose the cells to the disorganiz- 
ing effect of the complement. 

We observed that ALS-treated lymphocytes re- 
covered from the state of increased permeability after 
the removal of ALS (Fig. 6). Similarly, 86Rb release has 
been found to be a reversible, nonlethal event in hepa- 
toma cells treated with antibody and complement [ 2 11. 
These findings suggest the existence of a repair mecha- 
nism which can restore membrane integrity following 
complement-educed damage. Decreased resistance of 
tumour cells to immune cytolysis after pre~eatment 
with the ~hemothera~utics 6fluorouracil and 6-mer- 
captopurin [ 161 may also be explained by an inhibition 
of such a repair mechanism. Our finding that Lidocain, 
when present during the exposition of lymphocytes to 

ALS, sustained the increased ~rmeability of cells even 
after removal of the antiserum (Fig. 6), suggests that 
Lidocain interferes with the alleged repair mechanism. 
Probably the permeability of the plasma membrane is 
determined by the extent of the complement-induced 
damage and by the efficiency of the repair mechanism. 
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