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Carbaryl has been shown to be toxic to f ive major f ish famil-  
ies (MACEK & McALLISTER 1970). At low concentrations, i t  is a meta- 
bol ic stressor of freshwater cat f ish,  and causes increased swimming 
ac t i v i t y  and a higher frequency of opercular beats (ARUNACHALAM et 
al. 1980). Carbaryl and i ts  major hydrolysis product, l -naphthol,  
have been found in i r r i ga t i on  and drainage water, as a resu l t  of 
both aerial spraying and sruface runoff (OSMAN & BELAL 1980). Run- 
of f  resul t ing from the appl icat ion of 1 Ib of carbaryl/acre has been 
shown to depress brain acetylcholinesterase ac t i v i t y  in f ish (MARAN, 
CIK 1976; HULBERT 1978). In aquaria, carbaryl is rapidly converted 
to Ir-naphthol (KARINEN et al. 1967); a recent study, using Drotozoal 
cultures as indicators,  suggested that l-naDhthol is as toxic as 
carbaryl (WEBER et al. 1982). 

Carbaryl has been shown to local ize in the nuclear f ract ion of 
human cel ls  in v i t ro ,  by binding to nuclear proteins (MURAKAMI & FU- 
KAMI 1982). 

The purpose of the oresent study is to assess the tox i c i t y  of 
carbaryl and l-naDhthol to cell  cultures derived from goldf ish,  and 
to examine the in t race l l u la r  local izat ion of carbaryl in these cel ls .  

MATERIALS AND METHODS 

Cells: CAR cel ls (ATCC CCL-71), o r ig ina l l y  derived from gold~ 
f ish f in ,  were obtained from the American Type Culture Collection. 
Cells used were between the 70th and 75th passage from reposi tory 
stocks. 

An uncharacterized cel l  l ine derived from goldf ish a i r  bladder, 
ABIII ,  was in i t i a ted  in th is  laboratory. Cells used were between 
the 50th and 60th passage from primary culture. 

CAR and ABIII cel ls were incubated at 25 C under normal atmos- 
phere. 

Medium: Culture medium consisted of Medium 199 supplemented 
with 10% fetal  bovine serum, and I00 units of Denic i l l in  and strep- 
tomycin, and 0.025 mcg Fungizone/mL. 

Carbaryl and l-naphthol: Technical grade carbaryl (99.07% 
pure) and technical grade l-naphthol (99.7% pure) were g i f ts  of 
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Union Carbide Corp. Stock solutions were freshly prepared at the 
star t  of each experiment in 100% ethanol at 0oi g/mL and ser ia l ly  
di luted with medium to f inal concentrations of 200, I00, 50, 25, 
I0, and 5 parts per mi l l ion (ppm). These di lut ions resulted in a 
maximum of 0.1% ethanol (in the 200 ppm- treated cultures, with fur-  
ther di lut ions thereafter) ;  previous studies (SHEA & BERRY 1982) 
have demonstrated that incorporation of 0.1% or less ethanol into 
culture medium has no detrimental effect on cel ls.  

Toxicity studies: Toxicity of carbaryl and 1-naphthol was ex- 
amined according to a previously described method for goldfish-der- 
ived cell cultures (SHEA & BERRY 1982). In br ie f ,  cells were planted 
in 24-well trays (Falcon) at a density of 9xlO4/well. Twenty-four h 
la ter ,  medium was removed, and cultures received medium containing 
either carbaryl or l-naphthol at the concentrations l is ted above, 
with 4 replicate cultures/concentration. At intervals, cultures 
were examined for tox ic i ty  using phase-contrast microscopy. Toxici- 
ty was determined by the extent of granulation, vacuolization, cell 
rounding, and detachment. 

In t racel lu lar  local izat ion of carbaryl and . . . .  1-naphthol: Dupli- 
cate 24 hLold'CAR cultures in 75 cm2 flasks (Corning) received 10 mL 
medium containing 25 ppm carbaryl without serum, and were incubated 
for 48 h at 25 C. No cytotoxic i ty was observed. Duplicate samples 
of s ter i le  culture medium containing wither carbaryl or l-naphthol 
at 25 ppm were also incubated for 48 h at 25 C. After incubation, 
media samples were stored at 70 C. Culture medium was removed, and 
cultures were rinsed with Hank's Balanced Salt Solution (HBSS), with 
medium and rinse combined and frozen. Cells were fractionated into 
acid-soluble, alcohol-soluble, and acid- and alcohol-insoluble frac- 
tions according to the methods of MURAKAMI & FUKAMI (1979) as modi- 
fied by SHEA & BERRY (1982). Al ternat ively,  the nuclear fract ion 
was isolated by lysis of the cells in HBSS containing 0.1% Triton 
X-IO0 (Sigma) followed by centrifugation at 2000 rpm for I0 min, 
washing of the nuclear pel let  in HBSS, recentri fugation, and dis- 
ruption of nuclei by freezin- (-70 C) and thawing (room temp). All 
samples were extracted with 1 mL dichloromethane, and th in- layer 
chromatography was performed according to the method of KARINEN et 
al. (1967). 

RESULTS AND DISCUSSION 

Toxicity: Similar levels of tox ic i ty  of carbaryl were observed 
for both CAR and ABIII cells (Table 1). At day I af ter  addition of 
carbaryl, cultures treated with 200 ppm were s l igh t ly  granulated 
compared to controls; on day 2 this amount of carbaryl was toxic. 
Toici ty was not observed at levels below 200 ppm unti l  day 7, when 
50 ppm was toxic, and 25 ppm induced s l ight  granulation. This pat- 
tern of tox ic i tywas unaltered unt i l  day I0, when the study was ter-  
minated. 

200 ppm 1-naphthol resulted in complete destruction of both 
CAR and ABIII c l tures by day 1, with mild granulation induced by 100 
ppm in ABIII cells at this time (Table 2). On day 2, mild granula- 
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t ion was also observed in CAR cel ls  treated with 100 ppm. On day 5, 
100 ppm was tox ic  to both cel l  l i nes ,  with mild granulat ion observed 
for  both at  50 ppm. By day 7, 25 ppm induced mild granulat ion in 
both CAR and ABI I I  cu l tures,  with I0 ppm also inducing granulat ion 
in CAR ce l l s ;  50 ppm was tox ic  at th is  time. On day i0 ,  25 ppm was 
tox i c ,  and 10 ppm induced granulat ion,  for  both cel l  l ines.  

In comparison to carbary l ,  1-naphthol was i n i t i a l l y  far  more 
tox ic  to both cel l  l ines ,  and a f te r  I0 days incubation, exhib i ted 
an endpoint t o x i c i t y  level 2- fo ld over that  of  carbaryl (25 ppm for  
l-naphthol versus 50 ppm for  carbary l ) .  

Tab..l.e ..1:.. T.oxi..cLi..ty*of ' ca.rbary..l t.o c.el.l l...ines ..derived .from .goldfis.h... 
cel l  . . . . . . . . . . . . .  Toxic. i ty 

Day l ine  200** 100 50 25 10 5 0" 
1 CAR + / ,  _--Z- Z--- t--  L-- ~ 

ABI I I  +/ . . . . . . .  

2 CAR + 
ABI I I  + 

5 CAR + 
ABI I I  + 

7 CAR + + + +/-  
ABII I  + + + +/-  

10 CAR + + + +/-  
ABII I  + + + +/-  

* T o x i c i t y  dete~ninedby exten{  o{ granulat ion, '  vac'uol izat ion, 
cel l  rounding, and detachment. Symbols: - ,  v i sua l l y  nontoxic; +, 
t ox i c ;  + / - ,  mild granulat ion;  TD, t o t a l l y  detached. 

**ppm carbaryl incorporated into cul ture medium. 

Table 2: T o x i c i t y , o f  1-naphthol to cel l  l ines derived from qoldf ish 
cel l  . . . . . . . . .  ..Tox.ic..ity . . . . . .  

daY l ine  200 100 50 25 10 5 0 
1 CAR TD" = _--- L--- _-- ~ 

ABI I I  TD +/ . . . . . .  

2 CAR TD +/-  
ABI I I  TD § 

5 CAR TD + +/-  
ABI I I  TD + +/-  

7 CAR TD + + +/-  + / -  
ABI I I  TD + + +/-  - 

10 CAR TD + + + +/-  
ABI I I  TD + + + ,..§ 

W'See 'legend {or"Table I .  " ~' ' 
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Localization of carbaryl and 1-napthol in CAR cells: In i t ia l  
experiments involving fractionation of CAR cells into acid-soluble, 
alcohol-soluble, and acid- and alcohol-insoluble fractions revealed 
exclusive localization of all compound removed from the medium in 
the acid- and alcohol-insoluble cytoskeletal fraction (data not 
shown). We therefore explored this phenomenon further by isolating 
nuclei from CAR cultures exposed to medium containing carbaryl. The 
hydrolysis of carbaryl to 1-naphthol in Sterile culture medium dur- 
ing 48 h incubation is shown in Fig. 1. Approximately 10% of the 

A B C D E F 
Fig. 1: Hydrolysis of carbaryl to 1-naphthol in steri le med- 

ium at 25 C. A, carbaryl standard; B, 1-naphthol standard; C, car- 
baryl in steri le medium at 0 h; D, carbaryl in steri le medium at 
48 h; E, 1-naphthol in steri le medium at 0 h; F, 1-naphthol in 
steri le medium at 48 h. 

A B C D E F 
Fig. 2: Localization of 1-naphthol in CAR cell nuclei. A, 

carbaryl standard; B, 1-naphthol standard; C&D, duplicate samples 
of carbaryl in culture medium after 48 h incubation with cells; E&F, 
duplicate samples of the nuclear fraction of CAR cells after 48 h 
incubation with medium containin 9 carbaryl. 

carbaryl introduced into the culture medium at 0 h had hydrolyzed 
to 1-napthol during the course of the chromatographic assay. By 
48 h after addition, approximately 50% of the carbaryl had hydrol- 
yzed. No further breakdown of 1-naphthol was noted, either subse- 
quent to the hydrolysis of carbaryl, or when 1-naphthol was i n i t i ,  
ally introduced into the medium. 
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In the presence of cel ls,  under the same conditions of incu- 
bation, 1-naphthol did not accumulate in the cul:ture medium over 
48 h. However, 1-naphthol was observed in the nuclear fract ion at 
48 h, at levels equivalent to those found in s te r i le  medium af ter  
48 h incubation. Carbaryl was not detected in the nuclear fract ion 
(Fig. 2). When cel ls were fractionated into acid-soluble, alcohol- 
soluble, and acid- and alcohol-insoluble fractions, 1-napthol was 
exclusively located in the acid- and alcohol-insoluble fract ion, and 
carbaryl did not local ize in any ce l lu lar  fract ion (Data not shown). 

Apparently, carbaryl is not taken up by CAR cells under these 
conditions. Rather, i ts  major hydrolysis product, 1-naphthol, is 
removed from the medium as i t  is formed. This phenomenon would ex- 
plain the dramatic difference in tox ic i ty  observed for both cell 
lines on day 1 af ter  addition of 200 ppm 1-naphthol as compared to 
200 ppm carbaryl (Tables I and 2), as well as the 2-fold difference 
in tox ic i t y  noted for l-naphthol versus carbaryl af ter  I0 days in- 
cubation. 

MURAKAMI & FUKAMI (1980, 1982) have reported the uptake and lo- 
cal izat ion of carbaryl in the nuclear fract ion of human cells in 
v i t ro ;  the i r  method of assay ut i l i zed carbaryl radioactively l ~ e l -  
led with 14C at the carbon 7 and i0 positions. I t  should be noted, 
however, that these positions are within the ring structure of the 
compound, and therefore do not allow d i f ferent ia t ion between car- 
baryl and 1-naphthol. Thin-layer chromatography, u t i l i zed in the 
present study, readily permits this d i f ferent ia t ion,  as the Rf val- 
ues for carbaryl and 1-naphthol are not equivalent. I t  would be of 
interest to examine whether carbaryl i t s e l f  localizes in human cells 
in culture, or whether hydrolysis is a prerequisite for uptake. 14C 
label l ing of the methylamine moiety, or the carbonyl moiety, or the 
use of th in- layer chromatography, could accomplish this. I t  is en- 
t i r e l y  possible that our piscine cultures are simply passively ad- 
sorbing l-naphthol, while human cells are capable of act ively accum- 
ulating carbaryl. 

WEBER et al. (1982) have shown that 1-naphthol is as toxic as 
i ts  parent compound, using protozoal cultures as an indicator sys- 
tem. Considering the re la t ive ly  rapid rate of hydrolysis of car- 
baryl in aquaria (KARINEN et al. 1967), our data suggest that i ts 
major hydrolysis product, l-napthol, contributes to i ts  toxi~city 
is other aquatic systems as well. 
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