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INTKODLICTION 

Modern local anaesthetics are of low toxicity. An 8 yo Xylocain solution or 
a 4 yo Citanest solution thus produces no irritation of the eye when instilled 
in the conjunctival sac (Goldberg, 1947; WiedEing, 1960) and a n  8 yo Car- 
bocaiii solution injected subcutaneously into t he rabbit's ear produces only 
mild injury (Ulfenduh I, 1957). 

The local toxicity of long-acting anaesthetics, such as Marcain, is of par- 
ticular interest. It is possible that the duration of contact between Marcain 
and the tissue is longer than that of other anaesthetics. The long contact 
might be of importance in the development of tissue damage. I t  was there- 
fore considered worthwhile to study the cytotoxic effect of Marcain and to  

compare it with that of Carbocain. 

MATEHIAL AND METHODS 

HeLa-cells (Gey et aZ., 1952) and human skin fibroblasts from 2-4 month 
old foetuses were cultured and harvested in the way described previously 
(S)Kngberg, 1969 a). 
- 
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The toxicity of the anaesthetic agents was assessed from their effect 011 

HeLa-cells and human skin fibroblasts in slide cultures prepared accortling 
to Bergman's technique (Bergmun, 1963 ; Spiingberg, 1969 a) and from their 
effect on the oxygen consumption by HeLa cells. 
Slide culture. I n  a culture chamber consisting of a glass ring fastcmetl t o  ii 

slide, 0.2 nil of the test solution and 0.5 ml of cellular suspension (150,000 
t:ells/ml) were deposited and mixed. After the mixture hat1 lice11 liept at 
37°C for 5 hours in the chamber the glass ring was rerrioved and the slide 
was washed in lukewarm (37°C) Parker 199 (SRL). The cells that kiatl at- 
tached to the slide were then cultured for 18 hours in Hellent ha1 cuvettes 
in a ))final growth medium)) consisting of Parker 199 with a11 aclditioii of 
Iiuinan and calf serum ( S ~ h g b e r g ,  1969 a). 

After the final growth the slide culture was fixed antl stained antl tlie cells 
and mitotic figures were counte(1 (Bergman, 1963; Sp&n.gberg, 1069 a) 

The mean number of cells per field of vision was de~erminetl anti the 
mitotic count was calculated from counts in 20 fields of vision per slide. 
The average number of cells per field of vision of the slitles in the experi- 
mental group and the mean number of mitotic figures per 100 cells were 
calculated. 

In all experiments cultures for each type of test solutiori were madc in 
cluplicate. The experiments were repeated four times for the HeLa cells 
and twice for the fihroblasts. Each test solution was tried on 10 &le cultures 
with He1,a cells as well as on 6 with fibroblasts. 

Respimmetry. The oxygen consumption by the cells was infxsure(l with the 
aid of a Warburg apparatus (Bruurz, V 166, Melsungen, West Cerrnany) 
with Warburg's direct technique. The experiments were carrietl out in at- 
mospheric environments (Rueckert & Mueller, 1960) and at :37"C, antl the 
CO, was absorbed with 0.2 ml 20 "/" (w/v) potassium hydroxide; a periotl 
of 75 minutes was allowed for gas and temperature equilibration before the 
heginning of the experiments. The reaction vessels were shaken 110 times 
a minute with an oscillation amplitude of 7 cm. 

At the beginning of the experiment 2.5 ml of cellular suspension was 
added to each reaction vessel and 0.4 ml test substance to the side arms. 
After the end of the equilibration period the respiration was noted for every 
15th minutes during a total period of 90 minutes (control period), after which 
the test material was mixed with cellular suspension. The oxygen respira- 
tion was then recorded in the same way during two consecutive 60 minute 
test periods. The resulting uptake of oxygen after addition of the test sub- 
stance to the cell culture is given in the description of the results as percent- 
ages of the initially recorded control respiration of the culture. This was 
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calculated for the first and second test periods and for a double test period 
(1.20 minutes). Six experiments were carried out for each test substance and 
concentrat ion. 

l’cst solution. In the ))slide culture)) technique the solutions were prepared 
by adding to a basic medium consisting of Parker 199 and 25 yo calf serum 
Carbocain* and Marcain” (0.5 yo w/v mepivacaine and bupivacaine hydro- 
chloride in I’hysiological saline) respectively in such anionnts that the final 
concentration of the anaesthetic agents in the slide cultures were 0.17, 0.057, 
0.028, 0.014, 0.007 and 0.004 7; w/v. In the controls only basic medium 
was used. 

The test siibstance in the repirornetric experiments was prepared in sodium 
bicarbonate-free Parker 199 buffered with trishydroxymethylaminomethane- 
HCl (.Spcin.gberg, 1969 b) to  which was added Carbocain or Marcain (3.6 
w/v in physiological saline) in such amounts that the concentration of the 
anaesthetic agent in the flask cultures were 0.248, 0.124 and 0.062 yo w/v. 
,4s control iris buffered Parker 199 was used. 

.St(itistic(d treatment. Student’s t-test was used for all comparisons. 

Levels of significance 
almost significant 0.05>p >0.01 
significant 0.01>p>o.o01 
highly significant 0.001 >I’ 

KESULTS 

Slidc c*rrltrirc 

HeLa cells (Table I). Carbocain in a concentration of 0.007 yo in the culture 
produced a significant reduction of the number of cells. Higher concen- 
trations caused highly significant deviations from the control and 0.107 % 
inhibited all growth of cells on the slide. At 0.007 % Marcain in the cell 
culture the reduction in the number of cells was almost significant. Higher 
concentrations produced a highly significant reduction; 0.057 % entirely 
inhibited growth. 

Carbocain in a concentration of 0.028 yo produced an almost significant 
reduction of the mitotic count, while Marcain in such a low concentration as 
0.014 74 reduced the mitotic count significantly. 

No significant differences were found between equal concentrations of 
Carhocain and Marcain regarding their effect on the cells count and mitotic 
frequency. 

* At3 Bofors Nohel-Pharma, Molndal, Sweden. 
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Table I. 
Ejyect qf  Carbocain (and ,Vlarcain on HeLa-cells. Number of cells per f ield nf vision and 

mitotic figures per 100 cells [ M f e ( ~ ) ]  
~ - ~~~ ~~~ ~ 

Carbocain Marcain 
Concentration Cells/field Mitotic figures/ Cells/field Mitotic figurw 
(04 w/v) of vision 100 cells of vision 100 cells 

Control 10.8f0.8 3.4f0.5 10.8 f 0.8 3.4f0.5 
0.004 Non tested 10.0f0.7 4.1f0.5 
0.007 7.9f0.5** 3.1f0.4 U.lf0.8* 4.0f0.5 
0.014 4.4&0.7*** 2.4f0.5 4.2f0.6*** 1.4f0.3*' 
0.028 3.6f0.6** * 1.9 &0.5* 2.0&0.5*** 0.810.4' 
0.057 0.8f0.2' ** 0 t.i.c. t.i.c. 
0.107 t.1.c. t.i.r. Non te.sted 

* = 0.05>p>O.O1; * *  = 0.01>p>0.001; * * *  = O.OOl>p. 
t.i.r. = total inhibitory concentration. 

Fibroblasts. (Table 11). Carbocain in a concentration of 0.107 % in the 
culture significantly reduced the cell count which was, however, not affected 
hy lower concentrations. 

At 0.007 yo and 0.014 yo Marcain produced an almost significant reduc- 
tion, while 0.028 yo gave a significant reduction. In a concentration of 
0.057 yo Marcain inhibited all cell growth. 

Table 11. 

Effect of Carbocacn and Marcain on human skin fibroblasts. Cells per f ield o j  v~scori 

[MfE(M)l __ ~ _ ~ _ _  _ _ ~ _ _ _  - - -- - - - 

Cells/field of vision 
Carbocain Marcain Concentration (% w/v) 

~- ____ - 

Control 
0.004 
0.007 
0.014 
0.028 
0.057 
0.107 

6.1h0.5 6.1fO.S 
Non tested 6.260.8 
5.2i0.6 4.1*0.5* 
5.4*0.7 3.7*0.8* 
4.0 f 0.4 2.9 f 0.6* * 
5.7f0.7 t i c .  
3.3f0.5** Nan tested 

* = 0,05>p>0.01; ** = 0.01>p>0.001 
t.i.c. = total inhibitory concentration. 
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On comparison between Carbocairi and llarcaiii tlie lowest concentralion 
producing d significant reduction of the cell count %as 0.028 yo, at which 
Marcair1 had a itronger reducing effect than Carbocain. 

On comparison between Carbocain and lilarcairi it  as found that only 
at 0.028 wa5 there a significarit difference in the cell ( ount. At this coil- 

centration Marcain had a stronger reduciiig effect than Carbocain. 

Kesp rromc~t r3 

Both Carbocairi arid Marcain in a coriceiitratiori of 0.248 yo had d liiglili 
significant effect on tlie r e s p i r a h i  of the cells (Tahle 111). But the effect of  
Marcairi uas iigriificantly to highly significantly \troiiger t han that of Car- 

In conceiilrations 111) t o  0.124 0+1 ( 'arhcain liatl iio effect on the i i l i lcAe 

of oxygen. 
In  the 1)resence of 0.124 '/" Marcaiii the respiration of the cells was higlil) 

5ignificantly lower than in the presence of Carhocain in a corresponding 
concentration arid than in the controls. At 0.062 % Varcaiii in the culture 
respiration differed significantly from that of the controls, and the devia- 
tion during ihe first and second experimental period differed almost signif- 
icantly froni that of Carbocain. 

hOCdill. 

DISCUSSION 

Marcain is a stronger anaesthetic than Carbocaiii, aiid in dental practice a 
concentration of 0.25 yo or 0.5 Yo is sufficient t o  produce a good effect 
(Feldmunm & NordmranL, 1966), which requires u 2---3 yo solution of 
Carbocain. It was therefore corisitfered relevant to stutly the effect on cell 
cultures at equivalent concentration. Thus if 0.004 yo, 0.007 yo and 0.014 yo 
Marcaiii are compared with fourfold concentrations of Carbocain, Marcain 
will have significantly lower toxic effect on HeLa cells studied according t o  
the uslide cultureo technique. No such difference, however, can be demon- 
strat ecl in correspoiitlirig comparisons of their effect on human fibroblasts. 

In respirometric experiments cornparisoii between the effect of 0.062 T) 
Marcain arid fourfold concentrations of Carbocain revealed an almost signif- 
icantly stronger effect of Carbocain during the first experimental period, 
but no difference during the second. The ratio found between the toxicity 
of the two anaesthetics was in agreernent with that reported by Henn & 
Brattsand (1966). With the use of a trypan blue-test, they compared tlie 
effect of inter alin Carbocain and Marcain after iri t  racutaneous injection 
into rabhits arid found that the threshold irritant concentration of Carbocain 
was 3 oh aiid of Marcain 0.6 %. 
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SUMMAHY 

The cytotoxic effect of Carbocain and that. of Marcairi were compared in 
citro. When tested on HeLa cells in slide cultures no difference was found 
regarding the effect of the anaesthetics on cell count arid mitotic frequency. 
In tests on  human fibroblast cultures it was found that the lowest concen- 
tration of the anaesthetics capable of producing a reduction in cell coiint 
was 0.028 %, and that then the toxic effect of Marcain was the greater. 

Analysis of the respiration of HeLa-cells showed that Marcain produced a 
stronger rediiction than Carbocain. 

Marcain is a more potent anaesthetic than Carbocain and therefore it was 
regarded as justified to compare the cytotoxic effect of Marcain with the 
fourfold concentration of a Carbocain solution. In such a comparison Mar- 
cairi was found less toxic. 

RCSUMB 
EFFET CYTOTOXIQUE DE LA CARBOCAINE ET DE LA MARCAINE 

L‘effet cytotoxique de la Carbocaine et celui de la Marcaine ont 6tB cornparks 
in oitro. Lorsqu’on les testait sur des cellules HeLa en cultures sur lames, 
on ne trouvait pas de diffkrence en ce qui concernait l’effet des anesthksiques 
sur le nombre de cellules et stir la frkquence des mitoses. Lorsqu’on les 
testait stir des cultures de fibroblastes humains, on constatait que la plus 
basse concentration d’anesth6sique capable de dkterminer une diminution 
du nombre de cellules Btait 0,028 yo, et que l’effet toxique de la Marcaine 
Ptait alors plus grand que celui de la Carbocaine. 

Lors de l’analyse de la respiration des cellules HeLa, on a constat6 que la 
Marcaine dkterminait une plus forte rhduction que la Carbocaine. 

La Marcaine Btant un anesthhsique plus puissant que la Carbocaine, 
on a considCrC qu’il Ctait IBgitime de comparer l’effet cytotoxique cle la 
Marcai’ne avec celui d’iiiir solution quatre fois plus concentr6e de Carbocainr . 
Dans cette comparaison, la Marcaine prksentait Line tox.icitt5 moindre qiie 
la Carbocaine. 

ZUSAMMENFASSUNG 

DIE WIRhUNC \‘ON CARBOCAIN UND MARCAIN AUF HELL ZELLEN UND HAUT- 

FIBROBLASTEN IN VITRO 

Die in vitro cytotoxische Wirkung von Carbocain wurde rnit der von Mar- 
cain verglichen. In Experimenten mit HeLa Zellen hat man keinen Unter- 



424 LARZ SPANGBERG AND BO ISAKSSON 

schied zwischen diesen Betauburigsmitteln in bezug auf ihre Wirkung auf 
die Anzahl der Zellen oder die mitotische Frequenz in kultiiren auf Glass- 
scheiben gefunden. In Experimenten rnit inenschlichen Fibroblastkultureri 
erwiess es sich, (lass die riiedrigste Konzentratiori der Betaubungsniittel, 
welche die Anzahl der Zellen reduzieren konnte, war 0.028 yo und dass die 
toxische Wirkung von Marcain grosser war als die von Carbocain. 

Eine Analyse der Respiration von HeLa Zellen zeigte, dass Marcain eine 
grossere Reduktion zeugte als Carbocain. 

Marcain ist ein stirkeres Uettiubungsmittel als Carbocain. Daher schien 
es berechtigt, die Wirkung von Marcain mit der einer vierfachen Konzen- 
tration von Carbocain zii vergleichen. In solchen Vergleichen erwiess sich 
Marcain als weniger toxisch. 
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