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Absorption, Excretion, and Metabolism of Methoprene by a Guinea Pig,

a Steer, and a Cow

William F. Chamberlain,* LaWanda M. Hunt, Donald E. Hopkins, Alan R. Gingrich,
John A. Miller, and Bennye N. Gilbert

When the metabolic fate of methoprene (isopropyl
(2E,4E)-11-methoxy-3,7,11-trimethyl-2,4-dode-
cadienoate) was studied in a guinea pig, a steer,
and a cow, a rather large percentage of the radiola-
bel was incorporated in the tissues and respired by
the animals. In the urine and feces, a small
amount of radiolabel was metabolized into free
primary metabolites, somewhat more was incorpo-
rated into simple glucuronides, and a considerable

quantity of radiolabel was found in polar com-
pounds, possibly complex conjugates or polar bio-
chemicals. No methoprene was found in the urine,
but approximately 40% of the radiolabel in feces
was contributed by unmetabolized methoprene.
The formation of conjugates and the metabolism
of methoprene was more extensive in the steer
than in the guinea pig.

Methoprene (isopropyl (2E,4E)-11-methoxy-3,7,11-tri-
methyl-2,4-dodecadienoate) (compound 1), a new insect
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growth regulator, has shown particular promise in the con-
trol of mosquitoes (Schaefer and Wilder, 1972, 1973) and
horn flies (Harris et al., 1973, 1974). No toxicity to rats ad-
ministered methoprene at 10,500 mg/kg was demonstrated
(Siddall and Slade, 1974). Also, these workers observed no
irritating effect on the conjunctiva of rabbits, and fish were
not adversely affected by water containing 100 ppm. How-
ever, these insect growth regulators are so new as control
agents that only a few studies have been made to determine
the distribution or elimination of the materials or their me-
tabolites in mammals. Hoffman et al. (1973) studied the
metabolism (by rats) of 1-(4-ethylphenoxy)-6,7-epoxy-3,7-
dimethyl-2-octene, and recently a study has been under-
taken by Ivie (1974) on the metabolism of the same com-
pound by a steer. Both these studies were conducted with
the 14C label within the phenoxy radical of the molecule.
Also, a distribution and balance study was completed by
Cline et al. (1975) with 3H-labeled methoprene in white
mice. Therefore, when methoprene was proposed for mos-
quito control in situations in which cattle might drink the
treated water and when it was used successfully (at very
low percentages) in mineral blocks as a feed-through-pro-
cedure for the control of horn flies (Harris et al., 1974), we
undertook a study of 4C-labeled methoprene (provided by
Zoecon Corp.) in a guinea pig, a steer, and a cow.

U.S. Livestock Insects Laboratory, Agricultural Research
Service, U.S. Department of Agriculture, Kerrville, Texas
78028.
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MATERIALS AND METHODS

The high-purity [**C]methoprene (1) used in these stud-
ies was prepared by J. C. Leak, ICN Corp. (for details of ra-
diosynthesis, see Schooley et al., 1975). Our most sensitive
thin-layer chromatographic (TLC) system (2:1:1, benzene~
pentane-methanol) indicated that the radiochemical pu-
rity of this product was 96.9%. The 14C label was incorpo-
rated at the C-5 position which is important in the inter-
pretation of the results.

In addition, Zoecon Corp. also supplied several known
primary metabolites as nonradioactive standards. They
were: 2, isopropyl 11-hydroxy-3,7,11-trimethyl-2,4-dode-
cadienoate; 3, 11-hydroxy-3,7,11-trimethyl-2,4-dodecadi-
enoic acid; 4, 11-methoxy-3,7,11-trimethyl-2,4-dodecadi-
enoic acid; and 5, 7-methoxycitronellic acid (7-methoxy-
3,7-dimethyloctanoic acid). Also, a small sample of 4C-la-
beled 4 was available as a radioactive standard, and puri-
fied methoprene was provided as a nonradioactive stan-
dard.

Treatment of Guinea Pig. The 1050-g male guinea pig
was treated with 50.86 mg of the [5-1*C]methoprene, specif-
ic activity of 0.58 mCi/mmol, by adding the material to a
no. 3 gelatin capsule conaining a small amount of powdered
grain. The capsule was then held on the tip of a small rub-
ber tube attached to a 1-ml syringe, and on compression of
the syringe plunger, injected down the esophagus of the
guinea pig. After treatment, the guinea pig was maintained
for 24 hr in a metabolism cage (urine and feces automati-
cally separated) and fed lettuce and fried pelleted food.
The cage was completely covered with a plastic bag, and
400-500 ml of air/min was drawn through the cage and into
an ethanolamine solution to remove CQs. At the end of the
test period, the guinea pig was killed and samples of mus-
cle, fat, and blood were taken. The urine of the guinea pig
was collected at irregular times during the 24 hr, and all the
feces were collected at 24 hr.

Treatment of Steer. The 277-kg Hereford steer was
treated with 2.0009 g (3.55 mCi) of the 5-14C-labeled meth-
oprene, specific activity of 0.58 mCi/mmol, by adding the



material to a 0.25-0z gelatin capsule containing a small
amount of cracked grain. The capsule was then adminis-
tered orally by using a balling gun. The steer was held in a
metabolism room, and standard methods were used to col-
lect all the urine and feces. Blood samples were taken at
regular times after treatment. Also, the air within the room
was sampled with an ethanolamine absorber every 3 hr
{(1-hr period) for the first 48 hr of the test, then every 6 hr
for the next 48 hr, and finally once a day for the remainder
of the test, to determine whether 14CQO, was expired. Air
conditioning was used to maintain a temperature range of
17-32° and a relative humidity of 42-84% during the test
period. At 2 weeks after treatment, the steer, weighing 288
kg, was slaughtered by electrocution. Samples of tissues
were removed for analysis of radioactive residues; weights
of organs and various parts of the steer were recorded so ra-
dioactive residues could be calculated.

Treatment of Cow. The 4-year-old, 338-kg pregnant
lactating Jersey cow, a low producer (slightly less than 2 gal
of milk/day), was administered orally a smaller quantity of
[5-14C]methoprene than the steer, 0.2076 g (0.74 mCi, spe-
cific activity 1.11 mCi/mmol).

The 4C-labeled material lost through respiration by the
cow was determined by fitting a plexiglass box at intervals
over the cow’s head. The box was prepared according to the
specifications of Robbins and Bakke (1967) as modified by
Rumsey (1969). However, we changed the valving system
slightly by placing the valves at the end of the system, and
installing a pump of larger capacity, one capable of moving
163 1. of air/min (Gast Mfg. Co.). The gases were drawn
from the box by the pump, and the flowmeters and valves
were used to divert 1% of the total flow through two traps,
each containing a mixture of ethanolamine and 2-methoxy-
ethanol (1:7). The efficiency of this system was pretested
by placing a known quantity of 4C-labeled Nay;CO3 in the
box, closing the openings, adding 1 N HsSO, to the beaker
of NasCOgs, and measuring the recovery of CO; at the 1%
setting of the flowmeters and valves. The recovery was
100% of the expected value for the 1% setting.

After treatment, the gases expired by the cow were
trapped continuously for the first 4 hr, with the trapping
solution being changed each hour; then the gases were
trapped for 1 hr every fourth hr for the next 3 days. On
days 4 through 7, measurements were made during every
12th hr. The radioactivity of the trapping solution was de-
termined by pipetting 2 ml into Insta-gel (Packard), fol-
lowed by liquid scintillation counting. The resulting counts
were plotted on graph paper so we had hourly values for
the 7 days of the test. On graphical integration the total
amount of expired *CO; could be determined.

Temperature within the metabolism room containing the
cow was held at a constant 22-23°; temperature within the
plexiglass box was 23.5-27°. The respiratory rate was usu-
ally 19-24 respirations/min and rarely as high as 33 respi-
rations/min.

All the urine and feces were collected separately and the
cow was handmilked at approximately 12-hr intervals. Col-
lected milk and urine were treated with 1 ml of 38% formal-
dehyde/500 ml. Blood samples were taken at 6- and 48-hr
posttreatment and at slaughter. The cow was fed cane hay
and a complete dairy feed but consumed very little; water
consumption was less than 1 gal/day. Milk production
dropped from 2 gal/day to slightly less than 1 gal/day. At
slaughter (7 days posttreatment) the cow weighed 291 kg.
Tissues were taken to determine radioactive residues;
weights of organs and various parts of the body were deter-
mined for calculation of total radioactive residue.

Radioassay and Chromatography. Thin-layer chroma-
tography was used to separate the methoprene and metab-
olites in urine and extracts. Brinkman 0.25-mm silica gel
Fgs54 precoated chromatoplates were used for most separa-
tions, but occasionally Analtech or plates that we prepared

METABOLISM OF METHOPRENE

were used to check results. Each sample of radioactive ma-
terial was always developed in three or four systems on sep-
arate plates as follows: acetonitrile-water (80:20, v/v); hex-
ane-ethyl acetate (100:15, v/v); benzene-ethyl acetate-ace-
tic acid (100:50:5, v/v); and benzene-pentane-methanol (2:
1:1, v/v). In this way, errors caused by overlapping of ra-
dioactive compounds could be eliminated. The nonradioac-
tive standards were applied to each plate as side markers,
and compounds 1, 2, 3, and 4 could be located because of
the quenching of the fluorescence in the silica gel 254 under
uv light. Standard 5 was located by spraying a portion of
the plate with ceric ammonium sulfate solution (1.0%). The
cholesterol standard was located by spraying a portion of
the plate with 2.0% antimony trichloride in 6 N HCl and
then heating the treated area to 100°; the cholesterol ap-
peared as a lavender spot.

Radioactive areas on the developed plates were located
by exposing the plates to nonscreen Gaevert X-ray film for
periods ranging from 4 to 83 days, depending on the total
amount of radioactive material on the plates. This proce-
dure allowed for the separation of similar radioactive re-
gions. After the films were developed, they could be re-
matched to the TLC plates, and the indicated areas of ra-
dioactivity could be removed and counted by liquid scintil-
lation in a 2,5-diphenyloxazole-bis-MSB toluene solution.

The radioactivity in the urine of all three animals was
determined by pipetting 1 ml or less (depending on the ac-
tivity) into 15 ml of Insta-gel liquid scintillation counting
medium. Also, the nature of the 14C-labeled residues within
the urine of the guinea pig and steer was evaluated either
by applying the urine directly to the TLC plates, treating
with concentrated HCI to adjust the pH to 6.5, and then
applying it to the TLC plates, or separating it into fractions
by Amberlite XAD-2 columns. In addition, these urine
samples were treated with several glucuronidases (Sigma
Chemical Co.) in acetate buffer (0.2 M) by the procedure
described by Chamberlain and Hopkins (1973) and then
examined by TLC after 24-48 hr at 36°.

The urine of guinea pigs normally has a high pH of near
10, which results in the precipitation of solid material, and
makes TLC difficult; therefore, all the guinea pig urine was
brought to a pH 6.5 by addition of concentrated HCI to dis-
solve the solids before chromatography or the Amberlite
XAD-2 column was used.

The total radioactive material in the tissues and feces of
all three animals was determined either by combusting 100
mg of wet or lyophilized material in the Packard 303 Tri-
Carb oxidizer, trapping the 14C-labeled CO; in ethanolam-
ine, and counting in 2,5-diphenyloxazole-bis-MSB toluene
after addition of methanol or by pipetting a 10% suspen-
sion of the feces directly into the Insta-gel. All counting
was done in a Beckman LS-150 liquid scintillation counter
with both internal and external standardization and chan-
nels ratio. The radioactivity in the blood was determined
by pipetting 100-ul samples onto cotton balls and then
combusting and collecting the CO; for counting. Also, the
radioactivity in the milk was determined by pipetting 1 ml
into Insta-gel and counting.

The feces of the guinea pig and the steer were extracted
with several solvents either by mixing in a blender or by
Soxhlet extraction (methanol and methyl acetate gave best
results). The #C-labeled residues in the extracted feces
were determined by combustion as described for the unex-

tracted feces. The extracts were then counted or examined
by TLC.

RESULTS

Guinea Pig. The total radioactive material in the blood
of the guinea pig was 18.8 ug equiv of methoprene/ml of
blood at 24-hr posttreatment. The material in muscle was
14.3 ug equiv/g of dried meat; this value equaled 3.31 ug
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Table I. Radioactive Materials Found in Urine, Feces, and Blood of a Steer Treated Orally with [1#C]Methoprene

Urine Feces
Cumulative Cumulative %
Hr post- ug equiv/ Total, % of adminis- ug of adminis- Blood, ug
treatment ml mg tered dose  equiv/g Total, mg tered dose equiv/ml
3 20.8 11.1 0.6 0 0 0.2
6 35.4 18.4 1.5 0 0.3
12 21.4 31.5 31 3.7 8.5 0.4 0.7
24 23.7 70.6 6.6 8.3 36.7 2.2 2.3
36 32.6 4.1 10.3 20.7 122.9 8.3 No sample
48 24,0 69.2 13.8 21.6 142.2 15.5 4.1
72 15.1 67.17 17.2 16.0 221.6 26.6 4.5
96 7.6 35.0 19.0 6.2 78.8 30.5 4.2
120 3.5 17.2 19.9 3.7 46.2 32.8 4.1
144 1.9 8.3 20.3 2.0 21.9 33.9 3.4
168 1.1 4.8 20.5 1.4 17.4 34.8 3.3
192 3.6 14.3 21.2 0.9 14.0 35.5 3.2
216 0.6 2.3 21.3 0.7 10.0 36.0 No sample
240 0.6 2.3 21.4 1.9 25.6 37.3 2.3
264 0.4 1.4 21.5 0.5 6.4 37.6 No sample
288 0.5 1.9 21.6 0.6 7.4 38.0 2.0
312 0.4 1.7 21.7 0.6 8.4 38.4 No sample
336 0.2 0.7 21.7 0.6 .1 38.8 2.0
Totals 432.5 775.7
500 30 radioactivity. Extraction of the feces with methanol yielded
w 96.0% of its radioactivity.
§ § Steer. The highest level of radioactive material was
%500 25, found in the blood of the steer at 72 hr after treatment
& g (Table I), but the peak was flat, and the 2-week level was
o e nearly one-half the maximum value.
gaoo 20% The peak in total radioactive material in the feces oc-
N 8 curred at 48 hr after treatment, and 38.8% of the applied
0300 - :( dose was recovered in the feces during the 2-week test peri-
z o od (Table I). A maximum of 83% of the radioactive materi-
3 ES al in the feces was extractable with methyl acetate or meth-
2200 0> anol.
g < The urinary excretion pattern demonstrated a poorly de-
2 g fined peak in radioactivity at 36 hr after treatment (Table
100 53 I). Small quantities of radioactive materials were still being
excreted in the urine 2 weeks after treatment. The total re-
covery of the applied dose in the urine was 21.6%.

[] 12 18 24
HOUR POST TREATMENT

Figure 1. Radioactivity in guinea pig urine after treatment with [5-
T4C]methoprene: (@—®) microgram equivalents of methoprene/
milliliter of urine; (@---@) cumulative percent of administered dose
recovered.

equiv/g of wet tissue. The fat sample had 10.95 ug equiv/g
of wet tissue. The value for feces was 579 ug equiv/g of
dried material, and the total recovery in the feces was 4628
ug or 9.1% of the administered dose. The peak in radioac-
tive material in the urine occurred at 5.5 hr after treatment
(Figure 1). The total recovery in the urine during the 24-hr
test period was 24.0% of the administered dose. A surpris-
ingly large amount of radioactive material was trapped in
the ethanolamine through which the air from the cage was
passed. A total of 8633 ug equiv was trapped in the 210 ml
of ethanolamine, that is, 17.2% of the applied dose. The
total recovery from all sources within 24 hr amounted to
50.3% of the administered dose.

When dried guinea pig meat was extracted (with metha-
nol), 61.8% of the radioactivity in the sample (8.85 ug
equiv/g of dried meat) was removed. Extraction of the
guinea pig blood with ethyl acetate yielded only 10.6% of its
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A total of 60.4% of the applied dose was recovered in the
urine and feces of the steer.

The sampling of the air in the metabolism room where
the steer was held indicated that a peak in radioactive ma-
terials occurred at 30 hr after treatment when a maximum
value of 975 ug equiv of methoprene/hr was recorded. At 96
hr after treatment the value was 352 ug equiv. The sam-
pling technique was not designed to be quantitative, but
the radioactive material collected in the samples amounted
to 2.7% of the applied dose, probably only a small portion
of the total radioactivity respired.

The total radioactive material found in the tissues of the
steer taken at 2 weeks after treatment varied greatly (Table
I1). However, the indicated amounts represent any metho-
prene present and also, to a very large extent, all the pri-
mary metabolites of methoprene and any anabolic products
synthesized by the steer from *C fragments formed during
catabolism of the methoprene (Quistad et al., 1974b,
1975a,b). The bile had the highest level of radioactive ma-
terials and the tissue portion of the gall bladder the next
highest. Among the conventional tissues, the liver and kid-
ney had nearly 5 ug of total radioactive equiv/g of wet tis-
sue. The highest fat value was that for renal fat, and all the
principal meat tissues, the muscles, had less than 1 ug of
total radioactive equiv/g of wet tissue.
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Table I1. Total Radioactive Materials Found in Tissues of the Steer and Cow Treated Orally with [1*C]Methoprene

Steer? Cow®
ug equiv of ug equiv of
Tissue methoprene/g Total, mg methoprene/g Total, mg
Bile 51.20 4.10 0.490 0.122
Gall bladder 20.34 0.85 0.196 0.015
Liver 4.98 17.97 0.489 2.220
Kidney 443 2.13 0.374 0.297
Ovaries 0.364 0.004
Lung 3.53 7.91 0.330 0.973
Adrenal 4.23 0.25 0.227 0.009
Spleen 4,12 2.33 0.264 0.180
Heart 1.91 2.11 0.154 0.420
Renal fat 3.19 0.183
Omental fat 1.34 0.254
Subcutaneous fat 1.43 0.167
Bone marrow 1.48 0.185
Skin 1.18 26.79 0.089 1.488
Brain 1.42 0.43 0.152 0.065
Pancreas 0.233 0.041
Thyroid 0.239 0.005
Fetus 0.158 2.114
Udder 0.160 1.161
Bone 0.40 0.066
I.ongissimus dorsi 0.88 0.062
Semitendinosus 0.67 0.083
Triceps 0.53 0.077
Tongue 0.143 0.058
Stomach 0.220

a Steer dosed with 2.0009 g of [14¢C]methoprene; cow received 0.209 g.
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Figure 2. Radioactivity in milk of the Jersey cow after treatment with
[5-14C]methoprene: (@ —®) microgram equivalents of methoprene/
milliliter of milk; (@---@) cumulative percent of administered dose re-
covered.

Jersey Cow. In the test with the Jersey cow, the radio-
activity in the gases collected from the plexiglass chamber
peaked sharply between 24 and 28 hr after treatment when
1008 ug equiv of methoprene/hr were recovered. At 7 days,
the value had dropped to 41 ug equiv/hr. The radioactivity
apparently recovered from respiration of the cow as deter-
mined by graphical integration accounted for 15.1% of the
applied dose.

Only two blood samples were taken while the cow was
alive because we wished to reduce some of the physiological
stress in the cow. The value for 6 hr was 0.062 ug equiv/ml
and that for 48 hr was 0.268 ug equiv/ml. When the blood

collected at slaughter was checked, the value was 0.143 ug
equiv/ml.

Twenty-five tissues in addition to the blood were ana-
lyzed for radioactive content after the cow was slaughtered.
Results are shown in Table II. The highest radioactivity
was found in the bile, the next highest in the liver. How-
ever, the fairly high levels found in the ovaries should be
noted. The value obtained for the 4-month fetus (from a
sample of rump muscle) is notably higher than that for the
muscles of the cow but lower than the average value of fat
for the cow. All muscles of the cow had less than 0.1 ppm of
total radioactive equivalents.

Peak radioactivity occurred in the milk at 30-hr post-
treatment (Figure 2), but the amount present at 44 hr was
nearly as high. At the end of the test (after 7 days), the
amount present was only ca. 10% of the maximum value.
The total recovery of radioactive material in the milk
amounted to 7.6% of the applied dose.

Radioactive material in the urine of the Jersey cow
reached a maximum in the sample collected between 24-
and 36-hr posttreatment (Table III). By the end of the
7-day test, the rate of excretion in the urine was only « 1.
1/50th of the maximum rate. A total of 19.8% of the applied
dose was excreted in the urine of the Jersey cow during the
7-day test.

Because of the low intake of food by the Jersey cow, the
amount of feces produced was considerably below that ex-
pected; however, the pattern of excretion of radioactive
material in feces did follow a consistent curve (Table III),
and the maximum occurred in the 24- to 48-hr sample. The
value at 1 week was only ca. 10% of the maximum recorded.
A total of 30.2% of the applied dose was excreted in the
feces.

The total recovery of radioactive material in the urine,
feces, and milk of the cow therefore amounted to 57.6% of
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Table II1. Radioactive Materials Found in Urine and Feces of a Cow Treated Orally with {1¢C]Methoprene

Urine Feces
Cumulative Cumulative
Hr post- % of adminis- % of adminis-
treatment  ug equiv/ml Total, mg tered dose ug equiv/g Total, mg tered dose
6 0.87 0.717 0.4
12 2.72 2.08 1.4
24 4.71 7.91 5.2 1.19 5.08 2.4
36 6.38 10.73 10.4
48 2.66 7.08 13.8 3.57 39.27 21.3
72 1.35 4.81 16.1 1.53 6.23 24.3
96 1.08 3.45 17.8 1.25 4.52 26.5
120 0.80 2.31 18.9 0.67 3.78 28.3
144 0.34 1.21 19.5 0.45 1.27 28.9
168 0.24¢ 0.64 19.8 0.39 2,76 30.2
Totals 40.99 62.91

a The average for 144-168 hr was 0.24, but the value for urine at slaughter was 0.11 ug equiv/ml.

the applied dose, a value very close to the recovery from the
steer in the urine and feces. When the recovery of radioac-
tive material from the plexiglass box is added, the total re-
covery for the cow was 72.7% of the applied dose.

Comparison of Metabolism of Methoprene by Guin-
ea Pig and Steer. The metabolism of methoprene by the
guinea pig and the steer appeared to differ considerably.
When the urine of the two animals was examined by the
various techniques, there were always higher concentra-
tions of known metabolites in the guinea pig urine than in
the steer urine (Tables IV and V). The figures given in
these tables are the averages from several sample periods
from 12 to 96 hr after treatment because few changes in
chemical composition occurred during these hours. Where
such changes were noted they are recorded. The major ra-
dioactive compounds in the steer urine remained at the ori-
gin or in the area of more polar compounds in any given
chromatographic system. Treatment of the guinea pig
urine with glucuronidase yielded larger quantities of pri-
mary metabolites than treatment of steer urine, probably
because of a more complex nature of the glucuronides or
other types of conjugates within the steer urine. The
amounts of identifiable radiocompounds found in untreat-
ed steer urine were too small to establish a predominant
known metabolite; however, when the steer urine was treat-
ed with glucuronidase, the benzene-ethyl acetate-acetic
acid system indicated that metabolite 3 was present to a
larger extent than 4, but the benzene-pentane-methanol
system indicated approximately equivalent quantities of
these two compounds. In guinea pig urine treated with glu-
curonidase, the predominant identifiable compound was 4,
possibly because the benzene-pentane-methanol system
apparently moved 3, 4, and 5 more completely from the
bound position at the origin than did the benzene—ethyl ac-
etate-acetic acid system. The demethylated methoprene
(2) was not detected in enzyme-treated steer urine, but it
appeared to be present in the enzyme-treated guinea pig
urine by TLC. No methoprene was positively identified in
either guinea pig or steer urine whether or not the urine
was treated with enzyme. Also, no radiolabeled cholesterol
was identified in either guinea pig or steer urine or feces. If
present, this compound chromatographs between hydroxy
ester (2) and methoprene in the benzene—pentane-metha-
nol system,

The results obtained with the acetonitrile-water system
were somewhat similar to those obtained with the benzene-
ethyl acetate—acetic acid system except that a slightly larg-
er percentage of the radioactive materials could be recog-
nized as known compounds; however, the separation of
these compounds was incomplete.

740 J. Agric. Food Chem., Vol. 23, No. 4, 1975

In the tables, the compounds more polar than 3 are
grouped together, but four—seven separate compounds were
indicated by separate radioactive areas on the chromato-
grams. Some were apparently conjugates with glucuronic
acid as indicated by the effect of glucuronidase on the dis-
tribution of radioactive material. Others may have been
complex conjugates or products of anabolic reactions hav-
ing rather high polarity. Treatment of the urine with acid,
buffer, sulfatase, or Amberlite column fractionation caused
little change in the amounts of indicated metabolites from
those recorded for the untreated urine. Sulfatase treatment
increased the hydroxy acid to 1.6%.

The apparent complete metabolism of methoprene by
both the guinea pig and steer indicated by the examination
of the urine was supported by the results of Amberlite
XAD-2 fractionation. When steer urine was so treated, an
average 75.3% of the radioactive material was eluted with
methanol as a yellow fraction; this fraction contained most-
ly conjugates and polar compounds (98.7%). However,
when the original ['*C]methoprene was mixed with pre-
treatment urine and immediately chromatographed, 77-
93% of the radioactivity was eluted only after acetone was
added to the column. By comparison, in urine from the
treated steer, the maximum radioactivity eluted with ace-
tone was only 0.09% of the total radioactive materials on
the column from any sample. When the guinea pig urine
was fractionated on the Amberlite XAD-2 column, 66.3% of
the radioactivity was eluted in the yellow fraction and 0.6%
in the nominally methoprene fraction. The composition of
the radioactive material in the yellow fraction from both
the steer and the guinea pig urine was somewhat similar.
The benzene-pentane-methanol system indicated the per-
centages as 12.3% as 3 and 5, 7.7% as 4, and no 2, cholester-
ol, or methoprene for the steer vs. 8.3% as 3 and 5, 11.5% as
4, and less than 0.1% as 2 or methoprene for the guinea pig.

TLC of the methanol extracts of the guinea pig feces in
the benzene-ethyl acetate-acetic acid system showed that
78.8% of the extracted radioactivity was methoprene, 8.0-
10.3% was 2 and/or 4, and 1.7-2.9% was 3. In the benzene-
pentane-methanol system, 77.0% of the extracted radioac-
tivity in the guinea pig feces was methoprene.

The principal extractable radioactive compound found
in the steer feces was methoprene (Tables IV and V), but
the composition of the radioactive material in the feces var-
ied somewhat with the time of sampling. This effect was
particularly noticeable in the relationship between 3 and 2:
we found 3 in relatively large quantities in the 24-hr sam-
ple, but small quantities were present in the later samples;
the reverse was true for 2.

Metabolite 5 co-chromatographed in some systems with
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Table IV. Oral Treatment with [14C]Methoprene: Average Amounts of Radioactive Compounds in the Urine and Feces
Extracts of a Steer 6-72-hr Posttreatment and in Urine of a Guinea Pig 3-6-hr Posttreatment; TLC System

Benzene-Ethyl Acetate-Acetic Acid (20:10:1)

Percentages of recovered radioactivity

Steer Guinea pig
3-Glucur- Feces extracts H-1 glucur-
onidase- onidase-

Untreated treated 24-hr 36-72-hr 36—-72-hr Urine at pH treated
Compound urine urine methanol methanol MeOQAc* 6.5-6.9 urine
Conjugates and other 99.6° 81.1° 31.7¢ 27.5¢ 16.4¢ 96.1 76.1
polar compounds
Hydroxy acid (3) 0.3 8.1 24.3 4.9 2.9 3.1 15.6
Methoxycitronellic 0 1.3 1.0 3.8 5.7
acid (5)
Methoxy acid (4) and 0.1 3.5 16.7 23.8 23.7 0.7 8.3
hydroxy ester (2)
Methoprene (1) 0 0 26.3 40.0 50.7 0 0
Unknown 0 0 0 0 0.7

2 Methyl acetate. ® As many as six polar compounds indicated. ¢ As many as five polar compounds indicated. ¢ As many as four polar

compounds indicated.

Table V. Oral Treatment with [1¢C]Methoprene: Average Amounts of Radioactive Compounds in Urine of a Steer
6-72-hr Posttreatment and in Urine of a Guinea Pig 3-6-hr Posttreatment; TLC System,

Benzene-Pentane-Methanol (2:1:1)

Percentage of recovered radioactivity

Steer
Guinea pig
6-hr H-1
glucur- Feces extracts H-1 glucur-
onidase- onidase-
Normal treated 24-hr 36-72-hr Urine at treated Methanol ext.
Compound urine urine methanol methanol pH 6.5-6.9 urine G.P, feces
Conjugates and 97.1 85.0 24.6 14.8 98.7 17.3 6.5
polar compounds
Hydroxy acid (3) and 1.5 6.2 23.7 4.8 1.3 n.4 3.4
methoxycitronellic
acid (5)
Methoxy acid (4) 1.3 8.9 7.1 12.3 0.1 63.6 4.9
Hydroxy ester (2) 1.0 0 17.6 26.4 0 11.6 8.2
Methoprene (1) 0 0 27.0 41.7 0 0 77.0

other primary metabolites such as metabolite 3, but we
were able to effect a good separation from 3 and 4 in the
benzene—ethyl acetate—acetic acid system. In normal steer
urine, 5 could not be detected, but small quantities were
found after enzyme treatment (Table IV); in extracts of
steer feces, as much as 5.7% of the total radioactive materi-
als co-chromatographed with an authentic standard.

In preparing extracts of feces, we also extracted a large
quantity of colored material, but when these extracts were
chromatographed, the colored bands clearly visible on the
plates did not match any of the radioactive areas indicated
by the X-ray film though some were very near the radioac-
tive areas. Thus, we found that none of these natural prod-
ucts were co-eluted with any of the primary metabolites
when the proper TLC system was combined with exposure
to X-ray film to locate radioactive areas.

DISCUSSION

In most balance and metabolism studies, we depend on
the recovery of radioactive materials from the urine and

feces to provide us with a measure of the completeness of
metabolism and elimination of a compound. However, the
determination of the metabolism of methoprene requires a
critical analysis of the loss of radiolabel through respiration
(as COs), the determination of the total radiochemical de-
posited within the tissues of the animals, and a study of the
chemical composition of these radiochemical residues. In
addition, small losses could occur by loss through the skin
and by the escape of gases from the urine and feces.

With the guinea pig, “complete” recovery was limited by
the shortness of the test; however, even in 24 hr, 17% of the
radioactive material administered was recovered in the res-
pired gases. With the steer, we sampled only the respired
gases 50 we certainly did not recover all loss of radioactivity
that might have occurred. With the Jersey cow, a more ex-
acting procedure was employed, and this method should
have given the same accuracy of recovery of radioactivity in
respired gases as the standard methods used for the urine
and the feces. Then since both the cow and the guinea pig
show considerable loss of the label via respired gases (15%
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by the cow, 17% by the guinea pig) we conclude that con-
siderably more than 2.7% of the radiolabel was lost by the
same route by the steer.

The other major loss of radiolabel for a balance study re-
sults from deposition of 14C-labeled residues in tissues. The
only accurate way to measure the total radioresidue would
be the complete combustion of the whole animal or of a
very well prepared aliquot of a homogenate of the whole
animal. In the present case, such a procedure is not neces-
sary, partly because considerable data have been gathered
on the relative amounts of muscle, fat, and bone, and the
weights of various tissues of domestic animals, although
care should be taken to consider breed, age, sex, and physi-
cal condition in the application of these data to other ani-
mals of the group. Morrison (1954) divided cattle and other
domestic animals into several groups, and by his grouping,
our steer would be a “growing steer” and the cow would be
a young Jersey cow. From the data we obtained on the
weights of a number of tissues, our values for radioactivity
of tissues, and data from Morrison (1954), Edelmann et al.
(1944), and Kaneko and Cornelius (1970), we can calculate
a figure for the total deposit of radioactive materials within
the tissues of the steer and cow. With such methods, we
found that 3.4-3.6% of the dose to the steer was located in
muscles, 2.7% in fat, 0.8% in bone, 1.3% in skin, 1.3-1.9% in
blood, and 1.6% within the intestine. Then with the values
for the organs found in Table II, the total deposited in the
tissues of the steer amounted to about 13% of the applied
dose. The total accountability for the steer, exclusive of un-
accounted respiratory losses and other minor losses, would
be 76.3-76.8% of the applied dose. With the cow, recovery
was more complete. There was 6.0% in the intestine, 4.8%
in the fat, 2.8-3.0% in muscle, 0.9-1.3% in blood, and 1.1%
in bone. With the amounts of radioactivity in organs (Table
II), the total amount in the cow was 20.3% of the applied
dose, and the total accountability came to 93% of the ap-
plied dose.

The metabolism by the steer and the cow appeared to be
similar because the data for relative levels of radioactive
material in the tissues were comparable although a full me-
tabolism study of the cow was not conducted. The cow was
treated at one-tenth the dose given the steer. When this
difference is considered, most of the values for radioactivi-
ty in tissues (except the bile) are seen to be comparable.
For instance, when the microgram equivalents found in the
brain of the cow are converted to those for the brain of the
steer, we obtain 1.46 ug equiv/g in comparison with the
value actually found, as shown in Table II, and for the kid-
ney, we obtain 3.60 ug equiv/g.

The metabolism of methoprene in alfalfa and rice was
studied extensively (Quistad et al., 1974a), and all of the
primary metabolites found in our steer and guinea pig were
found in alfalfa and rice. Also, the conjugation of the vari-
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ous acids was demonstrated in both studies. Probably the
only marked difference was the very large elimination of
radiolabel through respiration of the animals; only small
quantities of radiolabeled COgy were evolved by the plants.
The schematic for the catabolism of methoprene reported
in Quistad et al. (1974a) is therefore similar to the schemat-
ic that would be drawn for the steer and guinea pig.

ACKNOWLEDGMENT

This report covers only a phase of a planned study in-
tended to cover all aspects of the metabolism of metho-
prene by cattle and a rodent. We acknowledge and appreci-
ate the cooperative effort of G. Quistad, D. Schooley, and
others at Zoecon Corp., which has made this complete
study possible. The assistance of J. S. Palmer in slaugh-
tering the animals and taking tissues is greatly appreciated.

LITERATURE CITED

Chamberlain, W. F., Hopkins, D. E., J. Econ. Entomol. 66, 119
(1973).

Cline, N. L., Cohen, E. N,, Trudell, J. R., Xenobiotica, submitted
for publication (1975).

Edelmann, R., Mohler, J. R., Eichhorn, A., “Meat Hygiene”, Lea &
Febiger, Philadelphia, Pa., 1944, p 31.

Harris, R. L., Chamberlain, W. F., Frazar, E. D., J. Econ. Entomol.
67, 384 (1974).

Harris, R. L., Frazar, E. D., Younger, R. L., J. Econ. Entomol. 66,
1099 (1973).

Hoffman, L. J,, Ross, J. H,, Menn, J. J., J. Agric. Food Chem. 21,
156 (1973).

Ivie, G. W., Veterinary Toxicology and Entomology Research Lab-
oratory, USDA, ARS, College Station, Tex., private communica-
tion, 1974.

Kaneko, J. J., Cornelius, C. E., “Clinical Biochemistry of Domestic
Animals”, Vol. I, Academic Press, New York, N.Y., 1970, p 314.
Morrison, F. B., “Feeds and Feeding”, The Morrison Publishing

Co., Ithaca, N.Y., 1954, p 20.

Quistad, G. B., Staiger, L. E., Schooley, D. A., J. Agric. Food
Chem. 22,582 (1974a).

QuistadB G. B, Staiger, L. E., Schooley, D. A., Life Sci. 15, 1797
(1974b).

Quistad, G. B., Staiger, L. E., Bergot, B. J., Schooley, D. A., J.
Agric. Food Chem. 23, 743 (1975a).

Quistad, G. B., Staiger, L. E., Schooley, D. A., J. Agric. Food
Chem. 23, 750 (1975b).

Robbins, J. D., Bakke, J. E., J. Anim. Sci. 26, 424 (1967).

Rumsey, T. S., J. Anim. Sci. 28, 38 (1969).

Schaefer, C. H., Wilder, W. H., J. Econ. Entomol. 65, 1066 (1972).

Schaefer, C. H., Wilder, W. H., J. Econ. Entomol. 66,913 (1973).

Schooley, D. A., Bergot, B. J., Dunham, L. L., Siddall, J. B., J.
Agric. Food Chem. 23, 293 (1975).

Siddall, J. B., Slade, M., “Invertebrate Endocrinology and Hor-
monal Heterophylly”, Burdette, W. J., Ed., Springer-Verlag
New York, New York, N.Y., 1974, p 345.

Received for review November 4, 1974, Accepted February 27,
1975. This paper reflects the results of research only. Mention of a
pesticide or a proprietary product in this paper does not constitute
a recommendation or an endorsement of this product by the U.S.
Department of Agriculture.



