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Metabolism of Carbaryl (1-Naphthyl N-Methylcarbarnate) in Human Embryonic Lung 
Cell Cultures 

Tsu H. Lin, Hanson H. North, and Robert E. Menzer* 

Carbaryl (1-naphthyl N-methylcarbamate) was 
metabolized oxidatively by primary human em- 
bryonic lung cells in culture. After incubation of 
[14C]carbaryl (300,000-400,OOO dpm, about 3 
pg) for 72 hr, 70% of the recovered radioactivity 
resulted from oxidative metabolites, with 30% 
being water soluble. The total recovery of added 
radioactivity was over 99%. Protein and nucleic 
acids determinations on cellular materials re- 
vealed that carbaryl a t  the applied dosage level 
did not inhibit cell growth and enzyme syntheses. 
Unconjugated metabolites from both cells and 
cell sonicates were identified as 1-naphthol, 5-  

hydroxycarbaryl, 4-hydroxycarbaryl, and 5,6-di- 
hydro-5,6-dihydroxycarbaryl. The water-soluble 
materials released after HC1 hydrolysis were 
identified as 4-hydroxycarbaryl, 1,4-naphthalene- 
diol, and 5,6-dihydro-5,6-dihydroxycarbaryl. 
Several unknowns remained to be identified. The 
conjugated metabolites were possibly not O-glucu- 
ronides because P-glucuronidase treatment did 
not free aglycones from conjugation. Further- 
more, the addition of UDPGA and other cofactors 
to the cell sonicates did not effect any increase in 
conjugations. 

The metabolism of carbaryl (1-naphthyl N-methylcar- 
bamate) has been studied extensively in plants (reviewed 
by Kuhr, 1970) and animals (reviewed by Dorough, 1970) 
by many investigators. Presently, however, only one paper 
on the metabolism of carbaryl in cell cultures has been 
published, indicating that investigators in insecticide tox- 
icology and chemistry have just begun to use tissue or cell 
culture systems as a research tool. Cell cultures provide a 
means for investigating the direct action of pesticides on 
cells or tissues in the absence of the complex system of a 
whole organism (Rosenoer, 1966). Baron and Locke (1970) 
first published work on the metabolism of carbaryl in a 
cell culture system using an established cell line, L-132 
human embryonic lung cells. They identified three agly- 
cones of carbaryl as 1,4-naphthalenediol, 4-hydroxycarbar- 
yl, and 5,6-dihydro-5,6-dihydroxycarbaryl; 1-naphthol was 
not found among the aglycones. These authors also sug- 
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gested that the water-soluble metabolites were N-glucuro- 
nides instead of 0-glucuronides because the water-soluble 
metabolites could not be hydrolyzed by p-glucuronidase. 
Many water-soluble metabolites remained unidentified. 

The metabolic fate of carbaryl may vary with the age, 
stage of development, and type of cells. The present study 
reports the investigaton of carbaryl metabolism by pri- 
mary human embryonic lung (HEL) cell cultures. 

MATERIALS AND METHODS 
Materials. [14C]Carbaryl (1-[14C]naphthyl N-methyl- 

carbamate) was synthesized by reacting equimolar quan- 
tities of methyl isocyanate in toluene (1:2, v:v) and 1- 
[Wlnaphthol (20.8 mCi/mmol, Amersham/Searle Corp.) 
a t  80” for 2 hr (Leeling and Casida, 1966). The product 
was identified by cochromatography with authentic stan- 
dard carbaryl (Union Carbide Corporation) and had a spe- 
cific activity of 12.16 mCi/mmol. 

Several derivatives of carbaryl were also supplied by 
Union Carbide Corporation. Beef liver @-glucuronidase 
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Table I. [l4C]Carbaryl Metabolism by HEL Cells: Percent of Each Metabolite Present i n  
Recovered Radioactivity at Corresponding Periods of Incubation 

6 hr 12 hr  24 hr  48 h r  72 hr 

Metabolites Control Test Control Test Control Test Control Test Control Test 

1,4- Naphthalenediol 0 5.6 0 7.2 0 6.6 0 3.4 0 0.9 
1- Naphthol 0.4 50.5 0.5 59.0 0.7 66.4 0.9 71.2 1.2 73.2 
1,5-Naphthalenediol 0 1.8 0 1.5 0 1.8 0 0.6 0 0.5 
Carbaryl 98.6 20.8 98.3 8.4 97.5 3.3 97.3 0.6 96.3 0.2 
5- Hydroxycarbaryl 0 1.2 0 1.9 0 1.1 0 0.6 0 0.2 
4- Hydroxycarbaryl 0 0.7 0 2.4 0 0.8 0 0.5 0 0.1 
5,g-Dihydro- 5,6-dihydroxycarbaryl 0 0.6 0 1.4 0 0.7 0 0.3 0 0.3 
Unknown (origin) 0.3 17.4 0.3 14.0 0.3 6.8 0.2 3.6 0.3 1.5 
Total organosoluble 99.3 98.6 99.0 96.0 98.5 87.7 98.4 80.8 97.8 77.4 

0.6 1.2 1.0 3.6 1.5 12.1 1.6 19.0 2.2 22.4 Total water soluble 
Washed cell pellet 0 0.1 0 

(70,000-100,000 units/g), serum bovine albumin, serum 
DNA, yeast-soluble RNA, NADPH, and UDPGA (ammo- 
nium salt) were all obtained from Nutritional Biochemi- 
cals Corp., Cleveland, Ohio. 

Cell Cultures. Human embryonic lung (HEL) cells 
were obtained from Flow Laboratories, Rockville, Md. 
These cells were freshly explanted from in vivo sources 
and seeded in tissue culture flasks with nutrient medium. 
The general procedures of North and Menzer (1972) for 
cell culture studies were used in the present investigation. 

Incubation Conditions. Radioactive carbaryl (300,000- 
400,000 dpm, 2.2-3.0 pg) in diethyl ether was applied to a 
culture flask by dispersing evenly over the bottom of the 
flask upon which the cells would be seeded. A gentle 
stream of sterile air was used to evaporate the solvent. 

Two-week-old cells were dislodged by trypsinization 
from a donor flask and together with 3 ml of nutrient me- 
dium (pH 7.4) were added to the flasks which were pre- 
viously inoculated with carbaryl. The flasks were stop- 
pered and the cultures were maintained in an incubator at  
37" for periods of 6 hr to 3 days. Control flasks containing 
all the above components except cells were prepared and 
incubated in the same manner. 

The concentration of nucleic acids and protein concen- 
trations in relation to the progression of cellular growth 
were also studied. Culture flasks were inoculated as de- 
scribed, but they contained nonradioactive carbaryl with 
a concentration identical with those flasks containing the 
labeled carbaryl. For determinations of nucleic acids and 
protein, cells were first dislodged from the flask walls as 
described, and then were carefully washed 3 times with 2 
ml of 0.85% saline by centrifugation a t  275g a t  5" for 10 
min. Nucleic acids (RNA and DNA) were extracted and 
determined according to the procedure of Schneider 
(1957). Protein concentration was determined by the 
method of Lowry et al. (1951) using bovine serum albumin 
as the standard. 

Carbaryl metabolism was also investigated by using 
HEL cells which had been sonically disrupted. Primary 
HEL cells were allowed to grow to maximum density and 
then were scraped into suspension in the nutrient medi- 
um. Culture medium containing cells was centrifuged at  
275g a t  5" for 10 min. The supernatant was decanted and 
the cells resuspended in a pH 7 Tris-HC1 buffer (0.05 M )  
with subsequent recentrifugation. This washing process 
was repeated 4 times to remove serum protein in the me- 
dium from the cells. The cells were then resuspended in 
15 ml of Tris-HC1 buffer and transferred to a Branson ro- 
sette container to disrupt the cells by sonic vibration for 1 
min from the microtip of a Branson sonifier (Branson 
Sonic Power, Danbury, Conn.). The cells in a Branson ro- 
sette were immersed in ice during sonication. The soni- 
cate (containing 25 p g  of albumin equivalent protein) was 

0.12 0 0.12 0 0.20 0 0.20 

decanted into a 25-ml erlenmeyer flask which contained 
200,000-300,000 dpm of [Wlcarbaryl as previously de- 
scribed, 36 pmol of NADPH, and 3 pmol of magnesium 
chloride. Control flasks contained the same components 
except that cell sonicates were boiled prior to use. Test and 
control flasks were incubated at 37" in a water bath with 
constant shaking for 3 hr. 

Investigations of conjugation of carbaryl by HEL cell 
sonicates were also conducted, Two-milliliter cell soni- 
cates (containing 25 pg of protein) in Tris-HC1 buffer were 
added to 50-ml erlenmeyer flasks which contained 
200,000-300,000 dpm of [14C]carbaryl added as previously 
described, 36 pmol of NADPH, and 3 pmol of magnesium 
chloride. The final volume in each flask was adjusted to 5 
ml with 0.05 M Tris-HC1 buffer (pH 7.4). The flasks and 
contents were incubated at  37" in a water bath with con- 
stant shaking for 3 hr. At this point, 12 nmol of UDPGA 
in Tris-HC1 buffer was added to each flask except the 
control flasks. The final volume in each flask was 6 ml 
with the pH value maintained at  7.4. The flasks and con- 
tents were incubated further at  37" with shaking for 20 
min (Dutton, 1966). The metabolites were extracted and 
separated for identification. 

Extraction Procedures. At the end of incubation, the 
cell culture medium (pH 7.6-8.0) was neutralized and an 
equal volume of diethyl ether was added to each flask to 
stop cell metabolic activities. The ether layer was re- 
moved and the remaining aqueous solution was extracted 
4 times with additional equal volumes of diethyl ether. Fi- 
nally, the ether extracts from each single flask were com- 
bined into one fraction for each flask. The remaining 
aqueous solution was adjusted to pH 2.0 by adding 0.1 N 
HC1 and then was further extracted 4 times with diethyl 
ether to yield the ether extract and the aqueous fraction. 

The last aqueous solution was adjusted to pH 4.4 with 
0.1 N HC1 followed by incubation with /3-glucuronidase 
(1750 units/ml) at  37" for 24 hr in order to free possible 
conjugates of carbaryl (Kuhr and Casida, 1967; Lucier and 
Menzer, 1970). The solution was then extracted with di- 
ethyl ether as before. Radioactivity in the ether extract 
and aqueous solution was assayed. Aliquots of the water 
phase were also subjected to acid hydrolysis by adding 0.1 
N HCl to pH 1.0 and heating at  100" for 6 hr. The freed 
metabolites were extracted into diethyl ether and radioas- 
sayed. 

Chromatography. Commercially prepared TLC plates 
(silica gel F-254, 0.25 mm thickness, E. Merck) were used 
to separate ether-extractable metabolites of carbaryl. Be- 
cause of insufficient radioactivity, the water-soluble me- 
tabolites were not subjected to separation. Two-dimen- 
sional chromatography was used for cochromatography in 
the identification of ether-extractable metabolites. Thin- 
layer plates were developed in solvent systems as listed in 
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METHYLENE CHLORIDE-ACETONE 14 11- 

Figure 1. Two-dimensional thin-layer chromatogram of carbaryl 
and some possible metabolites on a silica gel F-254 plate dcvel- 
oped in solvents as shown. Letters represent the following com- 
pounds: (A) 5,6-dihydro-5,6-dihydroxycarbaryl; ( 6 )  5,6-dihydro- 
5,6-dihydroxynaphthoI; (C) 1-naphthyl N-hydroxymethylcarba- 
mate; (D) 4-hydroxycarbaryl; (E) 5-hydroxycarbaryl; (F)  1,3- 
naphthalenediol; (G) 1,5-naphthaIenediol; (H) carbaryl; ( I )  1- 
naphthol; (J) 1,4-naphthaIenediol. 

Table I. For the two-dimensional system, the plate was 
first developed in ether-hexane (4:1), and then in methy- 
lene chloride-acetonitrile (4: l). 

Detection and  Identification of Metabolites. After res- 
olution of the metabolites on TLC plates, the locations of 
radioactive carbaryl metabolites were determined by ra- 
dioautography using Kodak No-Screen X-ray film. The 
locations of the unlabeled reference carbaryl derivatives 
were observed on the TLC plates by visualizing fluores- 
cence under uv light. 

Radioassay Procedures. A Packard Tri-Carb liquid 
scintillation spectrometer (Model 3375) was used for ral 
dioassays, using the techniques described by North and 
Menzer (1972). The external standard method was used to 
correct for quenching. 

RESULTS 
Carbaryl Metabolism by HEL Cell Cultures. The 

total recovery of radioactivity from cell cultures after in- 
cubation a t  all time intervals was over 99% for both the 
control and test flasks. The radioactivity remaining in the 
washed cell pellets constituted only 0.1 to 0.2% of the ad- 
ministered dose. The ether-extractable metabolites de- 
creased in the longer incubation periods, with 98.6% of 
applied dose being recovered after 6 hr of incubation and 
77.4% after 72 hr of incubation. The relative concentration 
of water-soluble metabolites, conversely, increased with 
prolongation of incubation time; only 1% of the dose was 
present in the post-extraction aqueous phase after 6 hr of 
incubation, and by 72 hr of incubation, the formation of 
water-soluble metabolites had increased nearly 22-fold 
(Table I). No significant radioactivity could be extracted 
into ether after the aqueous fraction was adjusted to pH 
4.4 with 0.1 N HC1 followed by digestion with P-glucuron- 
idase a t  37". In contrast treatment with 0.1 N HCl for 6 hr 
in a boiling water bath without added enzyme converted 
30 to 50% of the radioactivity in the aqueous phase into 
ether-extractable materials. All radioactivity from the 
control flasks was extracted into ether. 

TLC resolved ether-extractable radioactivity from HEL 
cell incubations into eight spots (Table I; see Figure 1). 

- 
PROTElh 1 

CO1TROL /F I 

I I I 
6 12 24 48  12 

Hourr of incubation 

Figure 2. Changes in protein, DNA, and RNA concentrations in 
HEL cell cultures after treatment with a single dose of 3 pg per 
culture flask of carbaryl. Incubation at 37" for indicated periods. 

These spots were identified by cochromatography with 
standard compounds as carbaryl, 1,4-naphthalenediol, 1- 
naphthol, 1,5-naphthalenediol, 5-hydroxycarbaryl, 4-hy- 
droxycarbaryl, and 5,6-dihydro-5,6-dihydroxycarbaryl. 
One spot (the origin) was not identified. The major me- 
tabolite was 1-naphthol, whose formation seemed to be 
rapid and continuous as long as carbaryl still existed in 
the medium. TLC resolution of radioactivity extracted 
from control incubations revealed minute quantities of 1- 
naphthol (less than 1.5%), indicating very little degrada- 
tion of carbaryl in the controls (Table I). The rate of dis- 
appearance of carbaryl may be taken as the rate of me- 
tabolism of carbaryl by HEL cells. The fastest metabolic 
rate for carbaryl in HEL cells was found to take place in 
the first 6 hr of incubation. 

TLC resolved ether-extractable radioactivity from the 
acid hydrolysates into six radioactive spots. Three of these 
spots were identical with 5,6-dihydro-5,6-dihydroxycarbar- 
yl (1.3% of administered dose), 4-hydroxycarbaryl (2.2%), 
and 1,4-naphthalenediol (6.6%). Three other spots re- 
mained unidentified (1.2%). 

Carbaryl Metabolism by HEL Cell Sonicates. After 
incubation of carbaryl with sonicates of HEL cells and co- 
factors for 3 hr as described, metabolites were extracted 
into ether. About 10% of the applied carbaryl was con- 
verted to water-soluble materials, with the remainder 
being extracted into ether. TLC separated the ether-solu- 
ble radioactivity into six spots. Cochromatography re- 
vealed that five of the spots were 1-naphthol, carbaryl, 4- 
hydroxycarbaryl, 5-hydroxycarbaryl, and 5,6-dihydro-5,6- 
dihydroxycarbaryl. 1 -Naphthol in small percentage (less 
than 3%) was the only decomposition product found in the 
controls (boiled sonicates). Assays of the aqueous phase 
following incubation of HEL cell sonicates with [14C]car- 
baryl, UDPGA, and other cofactors as described revealed 
no more radioactivity than that found in the incubation 
medium containing no UDPGA. This suggested that no 
glucuronic acid conjugation took place in the HEL cell 
cultures. 

Protein and Nucleic Acid Contents in HEL Cell Cul- 
tures. Carbaryl metabolism in test and control cultures 
was determined concomitantly with assays for cellular 
protein and nucleic acids. There were faster increases in 
protein concentrations in the cells with carbaryl than in 
controls without carbaryl up to 24 hr after a single dose 
treatment with carbaryl (1 pg/ml) and incubation at  37". 
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Nucleic acid concentrations were identical in tests and 
controls under the same conditions. This indicated that 
cells were growing normally despite the treatment with 
carbaryl (Figure 2). 

DISCUSSION 
Carbaryl was almost completely degraded by primary 

HEL cell cultures after 72 hr of incubation. The recovery 
of applied radioactivity was high indicating that the HEL 
cells did not convert carbaryl to carbon dioxide. Baron 
and Locke (1970) reported 33% loss of I4CO2 formation 
when ring-labeled [14C]carbaryl was incubated for 72 hr 
with L-132 human embryonic lung cell cultures, an  estab- 
lished cell line. The primary HEL cells which were used 
in the present investigation may not possess the enzyme 
system necessary for breaking down the naphthalene ring 
of carbaryl to form carbon dioxide. 

The major metabolite of carbaryl from HEL cell cul- 
tures was found to be l-naphthol a t  all incubation inter- 
vals. Although 1-naphthol presumably results from hy- 
drolysis of carbaryl, its production in this system is not 
surprising because 1-naphthol has been found to be a 
major metabolite of carbaryl degradation in many orga- 
nisms studied. Other metabolites of carbaryl found in the 
first ether extracts included 1,4-naphthalenediol, 1,5- 
naphthalenediol, 5-hydroxycarbaryl, 4-hydroxycarbaryl, 
and 5,6-dihydro-5,6-dihydroxycarbaryl. However, the two 
diols, 1,4-naphthalenediol and 1,5-naphthalenediol, could 
be formed through hydrolysis of 4- and 5-hydroxycarbaryl, 
respectively, during pH adjustments of culture media 
with 0.1 NHC1. 

Relatively high amounts of radioactivity remained a t  
the origin after TLC separation, but the amount was not 
random at  each study interval. I t  decreased with prolon- 
gation of incubation periods. The unidentified material a t  
the origin is, therefore, carbaryl metabolite(s) of a more 
polar nature, which are not extractable by diethyl ether or 
are metabolized further with prolonged incubation to ma- 
terials which do migrate in the systems used. 

ThB aqueous phase was subjected to acid hydrolysis, 
ether extraction, and TLC analysis. Three metabolites of 
carbaryl freed from water-soluble conjugates were charac- 
terized as 4-hydroxycarbaryl, l,4-naphthalenediol, and 
5,6-dihydro-5,6-dihydroxycarbaryl. Since 1,4-naphthalene- 
diol was a hydrolytic product of 4-hydroxycarbaryl, 4- 
hydroxycarbaryl could be the major carbaryl metabolite 
which was conjugated by the cells. These results agreed 
with those of Baron and Locke (1970). Sullivan et al. 
(1970) found 5,6-dihydro-5,6-dihydroxycarbaryl to be the 
principal aglycone of carbaryl isolated from acid hydroly- 
sate of rat urine water-soluble materials. Such was not 
found to be the case in the HEL cell culture system. 
Species specificity may account for the discrepancy. 

@-Glucuronidase treatment did not free aglycones from 
conjugation. This result also agreed with the report by 
Baron and Locke (1970). Furthermore, the addition of 
UDPGA and other cofactors to the cell sonicates did not 
increase the radioactivity in the aqueous phase. These 
facts plus the absence of 1-naphthol (a compound known 
to form an 0-glucuronide conjugate readily) in the ether 
extracts of acid hydrolysate strongly suggested that the 
water-soluble conjugates of carbaryl metabolites were not 
0-glucuronides. Although Dorough and El-Shourbagy 
(1974) reported a high degree of 1-naphthol 0-glucuronide 
formation in adult rat lung tissues, the human embryonic 
lung cells in culture lacked the ability to form O-glucuro- 
nides of carbaryl metabolites. Perhaps the embryonic cells 
have not developed the enzyme system for 0-glucuronide 
formation. The salient suggestion of Baron and Locke 
(1970) on the nature of conjugates of carbaryl metabolites 
is supported here. However, whether the conjugates were 
N-glucuronides cannot be affirmed. Acid hydrolysis did 
not produce 100% conversion of water-soluble materials 
into aglycones of carbaryl. There was additional radioac- 
tive material remaining unextracted and unidentified. It 
appears that  a wider variety of enzymes should be em- 
ployed to free the metabolites from conjugation in order to 
further characterize these unknown metabolites. It is also 
possible that cultured cells conjugate hydroxylated me- 
tabolites of carbaryl with moieties not found in previous 
carbaryl studies. 
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