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UNION CARBIDE CORPORATION
CHEMICALS AND PLASTICS

P. Q. BOX 8004, SOUTH CHARLESTON, W. VA, 25303

SOUTH CHARLESTON PLANT . QOctober 8, 1973

Kenneth D, Johnson, Ph. D,
Secretary

Technical Task Group on

Vinyl Chloride Research
Manufacturing Chemists Association
1825 Connecticut Avenue, N, W,
Washington, D. C. 20009

Dear Doctor Johnson:

Study of the two feasibility study proposals— one by Food and
Drug Laboratories, Inc., and one by Foster D. Snell, Inc. -~ leaves me
with the feeling that we have only one proposal; i.e., Foster D, Snell,
Inc. In the case of Food and Drug Research, they simply took our sug-
gestion on technic and returned it to us with elaboration, Foster D, Snell
apparently gave the study consideration in depth and, as a result, would
congider three alternatives. I have no direct knowledge of Foster D.
Snell's performance on studies of this type but they talk a good garme and
would get my vote.

Developments in the vinyl bottle and coating areas recently raise a
question as to whether we want to consider a rat-feeding study at all except
as it may apply to a metabolismn study. The S, P.I. is currently proposing to
F.D.A, and others that the free VC monomer in resins used for food and
liquor packaging be low enough that materials contained in those packages
contain no detectable free VC monomer by the best available analytical t chnic,
While not a specific part of the proposal, bottles made from PVC resin con-
taining less than 25 ppm free monomer cause no measurable contamination of
liquor. The best available analytical technic appears to be sensitive to 50 ppb.
Based on this data, I think there is serious question regarding the need for
an animal-feeding study.

For general information, I am attaching a copy of an article by
Dr. C. P, Carpenter, et al on in vitro metabolism studies.

Very truly ou}r;./ : A
RNWJr/ra R. N. W'zler, Jr.
Attachment

(Distribution - see attached)
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Copies To-

Dr. Z. G. Bell, Jr.
PPG Industries, Inc.
One Gateway Center
Pittsburgh, Pennsylvania 15222

Dr., W. D. Harris
UNIRQYAIL, Inc,
Oxford Management & Research Center
Middlebury, Connecticut . 06749

M. N. Johnson, M, D.

The B. F. Goodrich Company

Medical Center

500 South Main Street

Akron, Ohio 44318

Dr. R. L. Maycock

Shell Chemical Company

One Shell Plaza

P.O. Box 2463

Houston, Texas 77001

Dr. W. E. Rinehart

Ethyl Corporation

Medical Department

451 Florida Avenue

Baton Rouge, Louisiana 70801

Dr. T. R. Torkelson

The Dow Chemical Company

Ag - Organics Department

9008 Building

Midland, Michigan 48640
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TOXICOLOGY AND APPLIED PHARMACOLOGY 22, 161-174 (1972)

In Vitro vs in Vivo Chromatographic Profiles of Carbaryl
Anionic Metabolites in Man and Lower Animals!

L. J. SuLLivaN, B. H, CHIN, aND C. P. CARPENTER

Chemical Hygiene Fellowship, Mellon Institute,
Carnegie-Mellon Unwersity, 4400 Fifth Avenue, Pittsburgh, Pennsylvania 15213

Received January 23, 1971

In Vitro vs in Vivo Chromatographic Profiles of Carbaryl Anionic
Metabolites in Man and Lower Animals. SuLLivan, L. J., Crin, B, H., and
CARPENTER, C. P. (1972). Toxicol. Appl. Pharmacol. 22, 161-174. An in vitro
technique for metabolic studies utilizing liver tissue has been developed
based upon successful organ maintenance methods and chromatographic
profiles. This technique qualitatively reflects in vivo metabolic processes of
animals, including man, under prescribed conditions without resorting to
the risk of dosing human beings. This was accomplished by the utilization
of the published literature on in vivo metabolism of carbaryl in rat, dog,
guinea pig and man, Under the required conditions, which simulate a dose
level comparable to a chronic no-ill-effect feeding level in the rat, the varia-
tions between these in vitro and the previous in vivo results are substantially
less than between species,

. The prime objective of these studies was to develop a practical method to determine the

. :%f,, metabolism of a chemical in man without direct human dosing and its attendant risks.

Lo It was hypothesized that an in vitro technique which would duplicate as faithfully as

o possible the conditions within the human body would best serve this objective. The

' \ assumption that metabolites formed in the liver (Parke, 1968) would predominate in the
m urine made it the organ of choice for this investigation. Its availability as a result of
. s ' surgical procedure and diagnostic biopsy made its use practical. Therefore, the estab-
lishment of a suitable organ maintenance method for such tissue “explants” was

TN attempted. The role of other organ tissues, ¢.g., kidney, lung and blood, in the total
g metabolism of a chemical has not been discounted or overlooked but must be left for
g future investigation.

For the purposes of this study, the anionic metabolites were chosen for profile analysis
because they not only reflect the complex redox systems in metabolism but include the
conjugating systems as well. The important neutral or nonconjugated materials also
will be treated species by species in later studies.

The pesticide carbaryl was selected as the prototype because of the extensive metabolic
studies (Knaak et al., 1965, 1968; Knaak and Sullivan, 1967; Sullivan et al., 1970) that
have been made in man and other species. Any other compound with a comparable
body of information on anionic metabolites would have served the purpose equally
well.

! Paper 28, Division of Pesticide Chemistry, 160th American Chemical Society National Meeting,
Chicago, Illinois, September 13-18, 1970,

D 1972 by Academic Press, Ine. 161
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162 SULLIVAN, CHIN, AND CARPENTER

METHODS

1-Naphthyl methyl-'*C-carbamate (carbaryl) of specific activity 11.3 uCi/mg, 1-
naphthyl-'*C-methylcarbamate of specific activity 5.8 4Ci/mg and 3,4-dichlorobenzyl-
4C.methylcarbamate of specific activity 5.2 uCi/mg were used.? The carbogen used was
the commercially available 959 oxygen:5% carbon dioxide mixture. Trowell T8
medium was employed.’ Organ tissues from the following species were used: 120-150 g
male Hatlan-Wistar rats, 6 kg male beagle dogs, mature male guinea pigs and liver
biopsy from a human female.

Culture methods. Trowell (1959) T8 medium was oxygenated by passing carbogen at
the rate of 100 ml/min through a 10 mi aliquot in a 15 m| beaker for 30 min. Aseptically
procured liver was gently rinsed in oxygenated medium until free of blood. Tissue,
500 mg, was weighed on the sterilized cover of a 60 x 15 mm petri dish and then cut
freehand with a No. 10 scalpel blade into 2 mm cubes under oxygenated medium using
aseptic technique. The cubes were then transferred to an open petri dish containing
3 ml of oxygenated Trowell T8 medium and placed in a 9-1 vacuum desiccator. Again,
this entire unit was flushed with carbogen at 1.5 {/min for 30 min, The chamber was
sealed and maintained at room temperatute for 90 min; the labeled compound, dis-
solved in 5-10 ul of 95%; ethanol was then added dropwise from a 10 ul syringe, while
gently swirling the dish. The dish was returned to the desiccator and again flushed with
carbogen, sealed, placed in an incubator at 37°C for the desired incubation time and
then analyzed.

Analytical methods. Prior to doing an analysis, the distribution of the applied radio-
activity in the medium, in the tissue and on the physical apparatus was determined in the
manner outlined below:

1. At the termination of incubation, a 0.05 ml aliquot of the medium was counted
using liquid scintillation. The remaining medium was pipetted from the culture dish;
if in excess of 2.5 ml, it was concentrated by vacuum distillation to that volume and
subjected to diethylaminoethyl (DEAE) cellulose column chromatography to develop
the profile.

2. The tissue was placed in a Biichner funnel and washed thoroughly with 100-150 ml
of water; an aliquot was assayed for radioactivity.

3. All glassware was thoroughly washed, the volume of the combined washings was
measured and an aliquot was taken for assay by liquid scintillation counting.

4. The washed tissye was homogenized in a minimum volume of 50°%; ethanol and
centrifuged. The supernatant was withdrawn, the solids were resuspended with 509
ethanol and the process was repeated. Finally, all supernatants were combined, the
volume was measured and an aliquot was taken for radioactive assay.

In an experiment using guinea pig liver, metabolic profiles were developed from the
total tissue and medium and from the medium alone for comparison. The tissue, the
medium after incubation and the washings were pooled, adjusted with absolute ethanol
to make a 50% ethanol solution and then homogenized and centrifuged. The super-
natant was removed and the solids were resuspended in 509, ethanol; the process was

2 Prepared by T. E. N. Steele, Union Carbide Corporation, Tuxedo, New York and W. J. Bartley,

Technical Center, Union Carbide Corporation, South Charleston, West Virginia.
! Procured from Microbiological Associates, Bethesda, Maryland.
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IN VITRO METABOLIC PROFILES 163

repeated twice. All glassware was washed with distilled water; these washings and the
combined supernatants were transferred to a distillation flask, and the total volume was
reduced to 2 or 3 ml by vacuum distillation. During the reduction process it was neces-
sary to transfer the concentrate to a smaller distillation flask with the corresponding
washings. A 0.05 ml aliquot of concentrated sample was assayed by liquid scintillation
counting, and a measured volume was added 1o the DEAE-cellulose column for pro-

file development.

The basic method published by Knaak et al. (1965) was adapted for DEAE-cellulose
chromatography. A modification, utilizing an ammonium formate buffer system, gave
improved resolution of some components. The formate columns were prepared by add-
ing 6 g of DEAE-cellulose to 150 ml of 0.005 ~ formic acid at pH 4.0, stirring for 15 mun
and packing this slurry into a 1.5 x 24 cm column. The column was then washed with
750 ml of 0.005 W formic acid, pH 4.0, and equilibrated by washing with 6 1 of 0.005 N
ammonium formate, pH 6.5. The elution gradients for these columns consisted of 0.005
to 0.01, 0.01 to 0.05, 0.05 to 0.1 ¥ ammonium formate; 300 ml of each concentration
was used per gradient. Fractions (4 ml) were collected, and every fifth fraction was
analyzed by liquid scintillation counting techniques.

RESULTS

In all the explant studies 100 pg of carbaryl per 500 mg of tissue was used. For the
rat, this is roughly equivalent to an in vivo dose of approximately 7 mg/kg of body
weight. The profiles reported are those obtained from analysis of the medium, because
studies in the guinea pig using concentrates of homogenates of tissues and medium
resulted in the same distribution of components as was found in the medium alone.

Figure 1 illustrates the direct comparison of typical naphthyl-'“C carbaryl DEAE-
cellulose profiles for both an in vitro and in vivo study in the rat (Sullivan et al., 1970).
In most instances the identity of the peak component in Table 1 is that assigned by
Knaak er al. (1965); any exceptions will be noted.

Peaks A and B are considered to be neutral components to the DEAE-cellulose
anion exchange system, and no conjugates have been found in this area. Peak Cis an
unknown, weakly acidic metabolite not always completely resolved from peak D.
Usually when resolution has been obtained a much larger %, of methyl-'*C metabolites
than of naphthyl-!C is found. Peak D in the rat was determined (Sullivan er al., 1970)
to be a group of metabolites, the major component of which was the 5.6-dihydro-5,6-
dihydroxycarbaryl glucuronide. Peak F has been shown to be a glucuronide of hydroxy-
carbaryl. In order to determine which hydroxy isomer of carbaryl has been conjugated,
the peak must be hydrolyzed and the aglycon identified. Peak G in the rat is naphthyl
glucuronide. Peak H is an unknown metabolite of minor importance in all species
studied to date. Peak [ is the sulfate conjugate of hydroxycarbaryls. Again, each isomer
must be identified as in the case of the glucuronide. Peak J is naphthyl sulfate. The
remaining peaks, unknown and unlettered, are found in several species and represent
small 9; of the dose in all cases studied.

The in vitro results in the rat for naphthyl-'4C carbaryl are related qualitatively to
results obtained in vivo and provide evidence for the presence of similar major and
minor metabolic components, except for naphthyl sulfate. This component was pro-
duced by rat liver in vitro in approximately 3 times the amount found in vivo. Part of
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SULLIVAN, CHIN, AND CARPENTER

RAT
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FiG. 1. DEAE-cetlulose chromatogram of in vivo and in vitro rat metabolites of carbaryl-naphthyl-
'4C. Gradient elution program: (I) 0.01 m Tris-HC] buffer, pH 7.5, 10 0.05 » Tris-HC! buffer, pH 7.5;

(I1) 0.05 M Tris-HCI buffer, pH 7.5, to 0.1 M Tris-HCl buffer, pH 7.5; (II) 0.1 M Tris-HC! buffer, pH 7.5,
to 0.5 M Tris-HCI buffer, pH 7.5,

TABLE 1
PEAK IDENTITY AND FLUORESCENCE®

Identification Fluorescence

Neutrals Indeterminate
Unknown Unknown
§5,6-Dihydro-5,6-dihydroxycarbaryl No
glucuronide + unknown glucuronides®

Unknown ' Yes
Hydroxycarbaryl glucuronide Yes

Naphthy! glucuronide Yes
Unknown Unknown
Hydroxycarbaryl sulfate Yes

Naphthyl sulfate Yes

A, B
C
D
E
F
G
H
I
J

“ 285 nm activation and 335 nm emission.
¢ Identity cstablished for the rat, Sullivan et al, (1970),

this higher level of naphthy! sulfate is undoubtedly caused by nonenzymatic hydrolysis
of carbaryl. The compound is relatively stable at room temperatute and at pH values of
less than 7.5, but appreciable hydrolysis occurs at 37°C, (Chin et al., 1971). The pH of
the medium gradually reaches 7.2 in an 18 hr tissue study. Nonenzymatic hydrolysis as
determined in buffered systems at pH 7.2 and 37°C without tissue produces an estimated
109, nonenzymatic hydrolysis. Failure to find appreciable amounts of 1-naphthol in the
tissue studies from ether extracts of the neutrals indicates that this material is conju-
gated with either glucuronic or sulfuric acid.
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IN VITRO METABOLIC PROFILES 165

Sullivan et al. (1970) reported in vivo values of 12%; and 28 ?; for the naphthyl-'*C
and methyl-'*C neutrals, respectively. As illustrated in Tables 2 and 3, values obtained
from the in vitro method were approximately twice the in vivo results for each label.
Continuous ether extraction of the neutrals obtained in vitro compared favorably on a
°/ basis with the in vivo studies in the rat (Sullivan et a/., 1970). From both in vivo and
in vitro systems a greater ; of naphthyl.!*C than of methyl-'*C was extractable. Thin-
layer analysis of the neutrals in the ether-hexane thin-layer system used by Knaak et al.
(1965) detected only trace amounts of unmetabolized carbaryl. Extractions of peaks A
and B (Fig. 1) from an 18 hr incubation of tissue were chromatographed on silica gel
by the method of Sullivan er al. (1970). The in vitro method gave qualitatively the same
ratio of components as reported in vivo. The major ether soluble neutral chromato-
graphed as 3,6-dihydro-5,6-dihydroxycarbaryl. Only a trace of carbaryl was found.

A

RAT
——=, IN VIVO , Garbaryl-Methyl-C'*
. IN VITRO, Carbaryl-Mathyl-C'*

Rodigacisviiy { Counts/Min/ml = 500G

Fraction Number+10
R o )

Fi6. 2. DEAE-cellulose chromatogram of in vivo and in vitro rat metabolites of carbaryl-methy!-'*C.
Gradient clution program as in Fig, 1.

Comparative results for methyl-'*C carbaryl are given in Fig. 2. The comparison of
the in vitro and in vivo profiles in this instance is striking. A higher 9; of neutrals was
obtained than in the in vivo studies. CQ, was not measured in this particular experi-
ment, but in other studies being conducted CO, production was comparable to that
obtained from a feeding study. The principal conjugated metabolite again was
metabolite D. Although the % neutrals in the in vitro study are higher than in the in
vivo, with this label there are significant fractions in both.

To evaluate the reproducibility of the in vitro technique, profiles of metabolites of
naphthyl-'*C carbaryl obtained from livers of 5 male Harlan-Wistar rats were com-
pared (Table 2). The use of these animals from the weekly output of our breeding
colony eliminated variables which might be caused by age, sex and strain. If the means
and SD of peaks A, D, EF, G, I and J are considered, all peaks show good reproduci-
bility. Variations are within the limits of experimental error estimated from duplicate
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TABLE 2
VARIATION OF IN VITRO RAT LivER METABOLITES OF CARBARYL {NAPHTHYL-'*C)
Tenuative identification by chromatographic position
A B C b E F 1 J
Dihydro-
dihydroxy-
carbary! Hydroxy- Hydroxy- A
Neutrals glucuronide, carbaryl Naphthyl carbaryt WNaphihyl Pooled Recovered,
to DEAE Unknown major aglycon Unknown glucuronide glucuronide sulfate sulfate  fractions® corrected
Rat no. Naphthyl-'*C, carbaryl
1 26 0 1] 19 «— 42 — 1.5 0.4 20 5.8 83
2 2 0 0 23 “«—— 50 —— 6.0 1.7 21 4.2 84
3 25 0 0 27 «— 2.7 — 6.3 Trace 20 4.5 89
4 29 0 0 23 « 45 — 6.3 Trace 14 13.5 90
5 25 0 0 18 «—- 58 ——> 538 Trace 24 4.2 83
Means+  25.2+ 220+ «— 444+ ——> 6.38+ 9.8+ 6441+ 8584
sD 29 36 1.15 0.66 36 4.00 34
* Calculated as % of '“C applied on the column.

* Combined fractions from arcas of chromatogram not containing a distinguishable peak.
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{N VITRO METABOLIC PROFILES 167

determinations on | rat liver. “Pooled fractions™ represent the combined areas of chro-
matographic profiles not containing distinguishable peaks. In the case of rat No. 4, the
pooled fractions deviated markedly from the others because of poor resolution of
column peaks. This was not seriously detrimental to the overall profile analysis and can
be minimized by improvement in analytical methodology.

In order 10 estimate the incubation time required by the in vitro method, experiments
were designed utilizing rat liver to determine a practical incubation period. Results of
these studies are given in Tables 3 and 4. The 18 hr data are the mean valyes from Table
2. The 6 and 18 hr times are comparable for the anionic metabolites as illustrated in
Table 3. The major difference found was with the neutral fractions. Comparative % of
carbaryl, 5,6-dihydro-5,6-dihydroxycarbaryl (the major in vivo neutral metabolite),
ether extractable neutrals and of the neutrals per se are given in Table 4, The ¥ of total
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Fic. 3. DEAE-cellulose chromatogram of in vivo and in vitro guinea pig metabolites of carbaryi-
naphthyl-'*C, Gradient elution program as in Fig. |.

radioactivity increased in the medium with time, reaching an average of 80°; in 18 hr.
The 9 of neutrals, ether extractables and unmetabolized carbaryl all decreased with
time. Only the 18 hr incubation data approach that found in vivo for any of these para-
meters. The major in vivo metabolite, 5,6-dihydro-5,6-dihydroxycarbaryl, was found
to increase as a 9 of recovered activity with time and approached the in vivo results at
18 hr. Based upon profile analysis of the medium, in all probability a 6 hr incubation
period is adequate for study of anionic metabolites. Where in-depth studies are needed,
longer incubation times are suggested. Because specimens are procured and must be
handled on the same day, the 18 hr incubation period provides a practical laboratory
procedure. Studies in progress are designed to complete the evaluation of tissue viability
as a function of incubation time.

It was found that data from ip dosing of the guinea pig could not be compared quanti-
tatively with data from low dose single po intubation or dietary inclusion studies. There-
fore, a study was undertaken using a single po dose of 30 mg/kg body weight of carbaryl.
The solid line in Fig. 3 was obtained from this study. The dashed line represents the in
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TABLE 3
IN ¥ITRO METABOLIC PROFILES FOR VARIOUS INCUBATION PERIODS®
Tentative identification by chromatographic position
A B C D E F G H I i
Dihydro-
carbaryl Hydroxy- Hydroxy-
Incubation  Neutrals glucuronide, carbaryl Naphthy! carbary!  Naphihyl Pooni
(hr) to DEAE Unknowa major aglycon Unknown glucuronide glucuronidde Unknown  sulfule sulfate  lracuons
3 s64 0 0 17.1 — 42— 09 14 no 19
6 86 O 0 216 «— 105 ——> 4.6 <« 159 —— kR
18 25.2 0 0 220 «— 44 ——> 6.4 Trace 19.9 6.4

* All values as ¥, of applied radioactivity.

TABLE 4
OPERATIONAL PARAMETERS EXPRESSED A5 PERCENTAGE OF CARBARYL EQUIVALENTS
Iacubation Naphihyl-*C Neutrals Meutrals extracted Carbaryl® in Carbaryl 5,6-Dihydro-5,6-dihydroxy-
(hn) in the medium {from DEAE - by ether ether phase in medium carbaryl® in ether phase
3 51 56 82 74.7 30 98
6 60 35 69 56.3 15 106
18 80 25 40 Trace Trace 56.7

€ A5 % of aclivity recovered from a sihca gel column.
* Based upon siica gel column chromatographic position of 5,6-dihydro-5,6-dihydroxycarbary), a major neutral metabolite, found in vivo in the rat and
expressed as %, of recovered radioactivity,

891
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IN VITRO METABOLIC PROFILES 169

vitro results, All peak designations (Table 1) are the same as for the rat. [n the case of
isomeric aglycons chromatographing as conjugates, the individual isomers have not
been isolated and identified for verification of these designations. {n vitro resuits show a
higher % of unconjugated neutrals than in vivo. The major metabolite from the guinea
pig under these conditions was naphthyl glucuronide from both in vivo and in vitro,
and the peak had the proper fluorescence spectra. Hydrolysis by 8-glucuronidase fol-
lowed by extraction and thin-layer chromatography confirmed the presence of 1.
naphthol. The major difference in the in vivo results reported here vs those reported by
Knaak er al. (1965) is the change in the relative concentrations of metabolite D and
naphthyl glucuronide. Because the original study was by ip dosing, the indications are
that formation of metabolite D is sensitive to the degree and/or route of insult to the
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FiG. 4. DEAE-cellulose chromatogram of in vivo and in vitro dog metabolites of carbaryl-naphthyl-

w 14C. Gradient elution program as in Fig. 1.

animal. Although the profiles from the 2 studies are not quantitatively exact, the corre-
lation of major and minor metabolites verifies the rat results, viz. that the in vitro method
reflects the in vivo metabolites of carbaryl identified in 24 hr urine specimens after a
dose.

poFigures 4 and 5 represent the results found with studies in dogs using naphthyl-'*C
and methyl-'*C carbaryl, respectively. Both in vivo and in vitro neutrals comprise the
major metabolites accounting for approximately 509 of the radioactivity. Carbaryl
metabolism in the dog is an excellent example for comparison of in vivo and in vitro
techniques. Peak G in the in vivo studies of Knaak and Sullivan (1967) was reported
to chromatograph on DEAE-cellulose as if it were naphthyl glucuronide (peak G), but
it proved to be nonfluorescent. In the profile obtained for the in vitro metabolism of
carbaryl with dog liver the same results were obtained. Thus, the in vitro technique in
this species not only gave profiles of similar character but reproduced this particular
unique metabolite, Qualitatively the profiles from in vivo and in vitro studies for both
labels compare favorably.

MR
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Fia. 5. DEAE-cellulose chromatogram of in vivo and in vitro dog metabolites of carbaryl-methyl-
'4C. Gradient elution program as 1n Fig. 1,

Knaak et al. (1965, 1968) published in vivo results on human beings using the DEAE-
cetlulose profile and fluorescent analysis. Figure 6 illustrates the results obtained with
naphthyl-"*C carbaryl in vitro in liver tissue obtained during surgical procedure on a
40 yr old female, when plotted with the in vivo results of Knaak et al. (1968), The quali-

HUMAN
18 . :: —=, IN VIVQ, Flugrescence .« 18
ﬂ e, [N VITRO, Corboryl-Naphthyl-C'

i
a
Radioaciivity [Counte/Min/ml+ 100}

e

Fluorescence Intensidy {Arbiirary Unins }
=]

=

7
hry——oi | M —— s
QO 2 4 6 8 10 12 14 16 18 20 22 24 26 28
l_ Fraction Number =10
- 1 +

FiG. 6. DEAE=czllulose chromatogram of in vivo and in vitro human metabolites of carbaryl,
Gradient ¢lution program as in Fig. 1.

tative agreement of the profiles is extremely good. The minor peak D, absent in vivo,
was demonstrated to be a nonfluorescent metabolite in the rat (Knaak et al., 1965). The
major difference in the 2 profiles is a substantially greater %, of naphthyl sulfate in vivo
and a greater % of naphthyl glucuronide inr vitro. Reasons for this disagreement are
not currently known.
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IN VITRO METABOLIC PROFILES 171

Figure 7 illustrates results from a less precise early study of the in vitro metabolism of
3.4-dichlorobenzyl methylcarbamate in the rat. Knaak and Sullivan (1968) published
the in vivo results and designated peak A as the neutrals and peak B as the glucuronide
of 3,4-dichlorobenzyl alcohol: peak C was postulated to be a glucuronide of 3.4~
dichlorobenzoi¢ acid. Peak D was identified as 3,4-dichlorohippuric acid, and peak E
as 3,4-dichlorobenzoic acid. Because 3,4-dichlorohippuric acid was the major metabo-
lite in vivo, this study was conducted to investigate the ability of the in vitro technique
to make this metabolite. Again, quantitative comparisons were not obtained. However,
peak D in vitro was the major metabolite and was confirmed to be 3,4-dichlorohippuric
acid by isolation and gas chromatography of the methylated derivative. Othet studies
have been conducted which indicate successful reduction of aromatic nitro groups and
oxidation of sulfur to sulfoxides where in vivo studies have shown these mechanisms to
operate.

0

ﬂ RAT
3,4-Dichlorobenzyl

N-Methylcarbamate
— N VIVD
—==IN VITRO

St

3
T 1
20

O

Lt L

Radigochivity | Counss /Man /mit100)

~
P S

20 40 a0 -0+ ] 100 120 140

) . . . Fraction Numbaer =10
M F1G. 7. DEAE-cellulose chromatogram of in vivo and in vitro rat metabolites of 3,4~dichlorobenzyl

N-methylcarbamate. Gradient elution program: as (I) in Fig. 1.

Histologic changes reported after tissue was incubated in the nutritive medium for 18
hr at 37°C are predictable: degeneration and shrinkage of nuclei, condensing of chro-
matin and, ultimately, rupture and death of cells. However, fresh tissue that has been
subjected to 18 hr incubation under the prescribed conditions of this test is histologically
in a state similar to portions of the same tissue stored at 5°C for 1§-24 hr in physiological
saline.

The quantitative results obtained from the in vitro metabolism of carbaryl by liver
tissues of man, rat, guinea pig and dog, respectively, are given in Table 5. These data
are given as % of radioactivity recovered from the column. The individual labels can be
compared by species but cannot be directly compared for the 2 labels in 1 species,
except where the major metabolite contains both labels. Generally speaking, a higher %
of dose will be found in the neutral fraction from these in vitro studies than would be
found in vivo in the same species, There are several factors which can contribute to this
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TABLE 5

IN ViTao DERIVED METABOLITES OF CARBARYL IN FOUR SPECIES®

Tentative identification by chromatographic position

A B (o D* E F G H 1 J
Dihydro-
dihydoxy- .
carbaryl Hydroxy- Hydroxy-
Neutrals glucuronide, carbaryl Naphthy] carbaryl Naphthyl Pool
to DEAE Unknown major aglycon Unknown glucuronide glucuronide Unknown sulfate sulfate  fractions’
Man * 40 0.4 0.3 5 0 3 3 <« 10 —— 1 5
I 1.2 «— 114 —> 0 6.7 1] 0 O 0 29
Guincapig 1 26 06 5 "3 4 6 33 0 2 12 5
ir 4s 0 H 15 24 1.6 0 0 1.6 ] 5
Rat I 258 0O 1] 19 — 42 —> 7.5 0 0.4 20 5.8
il 5 1} “— 17 —— 1] 08 0 0 2 0 5
Dog I 29 0 22 ——> 0 5 16¢ 0 34 2.5 6
I 66 1) «— 19 — 0 5 0 0 1 { 4
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* Calcutated as %, of '*C applied on the column.

* Naphthyl-**C carbaryl (1),

¢ Methyl-'*C carbaryl (}1).

¢ Chromatographs as naphthyl glucurcnide but does not fluoresce as this compound should. Identity unknown.
¢ With the methyl label some components which did not contain naphthyi-**C chromatographed in these areas.
/ Combined (ractions from areas of chromaiogram not containing a distinguishable peak.
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result, including the physical parameters of diffusion, a static vs a dynamic system and
time. A further complication arises from the possible interaction of the kidney and other
organs with the 10 vivo liver metabolites. The higher 7¢ of neutrals found with methyl-
14C than with naphthyl-'*C reflects the results obtained in vivo. Man metabolized a
higher °; of carbaryl to neutrals than did the other species under scrutiny. Extracts of

these neutrals in man were found to be 30 %, of the dose for the naphthyl and 31 % for the
methyl labels. Analysis showed that no more than 6% of the dose could be unreacted
carbaryl. The remainder of the neutrals was found to be a mixture of metabolites; they
have not as yet been isolated and identified.

Based upon chromatographic and fluorometric analysis, naphthyl glucuronide was
the most significant anionic metabolite from man and the guinea pig, and a dihydro-
dihydroxycarbaryl glucuronide from the rat and dog (Sullivan et al., 1970). The other
significant anionic found in the dog was the nonfluorescent material cochromato-
graphing with naphthyl glucuronide as reported by Knaak and Sullivan (1967).

DISCUSSION

Studies comparing the results of the in vitro metabolism of carbaryl and of 3 4-
dichlorobenzyl methylcarbamate with in vivo results have confirmed that the in vitro
organ maintenance technique can be a useful method of demonstrating comparative
metabolism. The in vitro results closely paralleled in vivo metabolism of the compounds
as derived from analysis of 24 hr urine samples. The metabolic products found in vitro
are species specific and not dependent upon the addition of cofactors for their produc-
- tion. The method is qualitatively correct but semiquantitative in its present form. In
' vitro profiles were reproducible, and the individual variation was not significantly differ-
ent in 5 rat livers. The anionic metabolites were found to havean SD of 0.7-4 %, depend-
ing upon the fraction analyzed. The SD as % of '*C applied to the chromatographic
column was generally of the order of magnitude of the quantity present for minor
metabolites, a finding which precludes quantitative comparison of the importance of
W differences between species. However, with major metabolites in man, the value of the

standard deviation as determined from rat data was such that direct quantitative com-
parison could be made.

The in vitro organ maintenance technique thus offers promise as a method to deter-
mine metabolism in man utilizing radioactivity of high specific activity without direct
dosing of human subjects. In-depth studies of comparative metabolism of man and
animals would then fulfill the concepts proposed by Frazer (1970) in regard to selection
of animals for toxicologic studies: . . . if two or more different metabolic patterns are
found in animals investigated, it becomes necessary to discover which of these patterns
occurs in man. When this is known, animals with a similar pattern should be chosen for
further toxicological studies.”

It also offers a developmental approach to the needs foreseen by the Committee on
Problems of Drug Safety of the Drug Research Board, National Academy of Sciences—
National Research Council (1969): “More research is required to establish quantitative
criteria to indicate how different species resemble and differ from one another in matters
of drug metabolism. These criteria would facilitate the selection of the best species for
toxicity studies.”

MHIsiL i




174 SULLIVAN, CHIN, AND CARPENTER

REFERENCES

CHin, B. H., ELDRIDGE, J. M., and SutLivaN, L. J. {1971). The comparative metaboiism of
carbaryl by selected human tissues using an organ-maintenance technique. Paper 43, Division
of Pesticide Chemistry, 162nd American Chemical Society Meeting, Washington, D.C.,
September 13-17, 1971.

DoroucH, H. W., and Castpa, J. E. (1964). Nature of certain carbamate metabolites of the
insecticide SEVIN. J. Agr. Food Chem. 12, 294.

Drug Research Board, National Academy of Sciences (1969). Application of metabolic data
to the evaluation of drugs. Clin, Pharmacol. Ther. 10, 607-634.

Frazer, A. (1970). The need for more biochemical information in the field of food safety
evaluation, Metabolic Aspects of Food Safety (F.J. C. Roe, J. C., Roe, ed.), p. 9. Blackwell,
Oxford.

Knaak, J. B, and Sucuivan, L. J, (1967). Metabolism of carbaryl in the dog. J. Agr. Food
Chem. 15, 1125-1126.

KNaaK, J. B., and SuLLivan, L. J. (1968). Metabolism of 3 4-dichlorobenzyl N-methylcarba-
mate n the rat. J. dgr. Food Chem, 16, 454--459.

Knaak, J. B, TALLANT, M. 1, BarTLEY, W. J., and SuLLIvaN, L. J. (1965). The metabolism of
carbaryl in the rat, guinea pig, and man. J. Agr. Food Chem. 13, 537-543.

Knaak, J. B., TaLLant, M. J,, KozBeLT, 8. 1., and SuLLivan, L. J. (1968). The metabolism of
carbaryl in man, monkey, pig and sheep. J. Agr. Food Chem, 16, 465-470,

PARKE, D. V. (1968). The Biochemistry of Foreign Compounds, Chapter 1, p. 3. Pergamon,
Oxford.

Suruivan, L. J., ELDRIDGE, J. M., KNAAK, J. B,, and TALLANT, M. J. (1970). 5,6-Dihydro-5,6-
dihydroxycarbaryl glucuronide as a significant metabolite of carbaryl in the rat. Paper 6,
Division of Pesticide Chemistry (Probationary), Joint Chemical Institute of Canada/Ameri-
can Chemical Society Conference, Toronto, Canada, May 24-29, 1970.

TROWELL, O. A. (1959). The culture of mature organs in a synthetic medium, Exp. Cell Res.
16, 118-147,

ucc
000729

AU




