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Tissue Distribution, Metabolism, and Residue Depletion Study
in Atlantic Salmon Following Oral Administration of
[*H]JEmamectin Benzoate
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XenoBiotic Laboratories, Inc., 107 Morgan Lane, Plainsboro, New Jersey 08536, and
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Atlantic salmon (~1.3 kg) maintained in tanks of seawater at 5 + 1 °C were dosed with [2H]emamectin
B, benzoate in feed at a nominal rate of 50 ug of emamectin benzoate/kg/day for 7 consecutive
days. Tissues, blood, and bile were collected from 10 fish each at 3 and 12 h and at 1, 3, 7, 15, 30,
45, 60, and 90 days post final dose. Feces were collected daily from the tanks beginning just prior
to dosing to 90 days post final dose. The total radioactive residues (TRR) of the daily feces samples
during dosing were 0.25 ppm maximal, and >97% of the TRR in pooled feces covering the dosing
period was emamectin B;,. Feces TRR then rapidly declined to ~0.05 ppm by 1 day post final dose.
The ranges of mean TRR for tissues over the 90 days post dose period were as follows: kidney,
1.4—-3 ppm; liver, 1.0—2.3 ppm; skin, 0.04—0.09 ppm; muscle, 0.02—0.06 ppm; and bone, <0.01
ppm. The residue components of liver, kidney, muscle, and skin samples pooled by post dose interval
were emamectin B, (81-100% TRR) and desmethylemamectin Bi; (0—17% TRR) with N-
formylemamectin B1, seen in trace amounts (<2%) in some muscle samples. The marker residue
selected for regulatory surveillance of emamectin residues was emamectin B;,. The emamectin By,
level was quantified in individual samples of skin and muscle using HPLC —fluorometry and was below
85 ppb in all samples analyzed (3 h to 30 days post dose).

KEYWORDS: Emamectin benzoate; SCH 58854; emamectin B 15; salmon; metabolism; residue depletion

INTRODUCTION designated B, and By, which differ by one methylene (G
unit on the C-25 side chain, wherein Bontains asec-butyl
group and By contains an isopropyl group. By specification it
consists of at least 90% of;Bbenzoate and not more than 10%
of Bip benzoate. The emamectin homologues are ea@b0

Avermectins are a class of natural products consisting of a
disaccharide linked to a pentacyclic 16-membered ring, which
are produced by the soil microorganisitreptomyces aver-
militis. Avermectin B, consisting of a mixture of the natural ) . : .

. . . 0,
avermectins B,and B and also called abamectin, is a potent Da. Emamectin benzoate is formulated in a 0.2% feed mix

broad spectrum acaricide/insecticidg lfut does not show high (SLICE) and administered t_o fish a_s rr_1ed|_cated feed. .
innate toxicity against some specific insect species. In the present study, the tissue distribution, metabolism, and

Emamectin benzoate [SCH 58854:-deoxy-4"-(epimethy- depletion of emamectin Bin Atlantic salmon following the

. . . . . dietary administration of a nominal dose of &@ of [°*H]-
lamino)avermectin Bbenzoate salt] is a semisynthetic aver- . . .
. ; . emamectin benzoate/kg/day for 7 consecutive days were inves-
mectin (2) registered for use to control lepidopterous pests on

vegetable crops in the United States and Ja@nl(is also tigated. As a result of this study emamectlﬁ_ﬁree_base_) has
. ) . been established as the marker residue in edible tissues of
highly effective for the treatment and control of sea lice

. . . . . Atlantic salmon for regulatory surveillance of the food supply.
mfe_statlons on Atlan_t|c salmorﬁalmo _salarL. “ 8.)’ and is Edible tissues in Atlantic salmon are separate muscle, separate
registered for use in the United Kingdom, Chile, Ireland,

Finland, Faroe Islands, Spain, and Norway. The compound, a|503k|n (Canada), and intact skin/muscle (all other countries). The

. . . P maximum residue limit (MRL) for emamectiniBin salmon
known as MP.('244.’ IS qlerlved through chemical r_nodn‘lca_uon muscle with skin attached was set at 100 ppb by the European
of abamectin; arpi-aminomethyl (—NHCH) group is substi-

tuted for a hydroxyl £ OH) group at the 4-position (Figure Commision for Veterinary Medicinal Proc.luc.ts (CVMQ)'
1). Similar to abamectin, it is a mixture of two homologues In the pregent study, the muscle aqd skin tissue re5|dye Igvels
of emamectin B, were also determined by a determinative
HPLC—fluorometric assayl(0) to characterize the depletion of
74;7Aultzfjtr3nr;icl>_Wmmk?nrgeé%?ggrxe should be addressed. Fax: (609) 799-the marker residue in tissues of individual treated fish as well
* XenoBiotic Laboratories, Inc. | as to provide the proportionality between the marker residue

8 Schering-Plough Corp. and total radioactive residue.
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Figure 1. Structures of emamectin benzoate and abamectin.
H H
OCH; Ry, |_CH; OCH;

CHyCHy, | CH;

Emamectin B1 8,9-Z-emamectin Bla
Compound 1D R, R, R,
8,9-Z-emamectin Bla CH,CH, H CH,
N-formyl emamectin B1 CH,CH, for Bla,, CH, for B1b CH=0 | CH,
N-desmethyl, N-formyl-emamectin B1 CH,CH, for Bla,, CH, for B1b CH=0 H
N-desmethyl-emamectin B1 CH,CH, for Bla,, CH, for B1b H H

Figure 2. Structures of metabolite standards.

MATERIALS AND METHODS They were obtained from the following suppliers: acetonitrile (ACN),

Chemicals, Materials, and SolventsNon-radiolabeled emamectin ~ ethyl acetate (EtOAc), methanol (MeOH), and potassium hydroxide
B1 benzoate [a mixture of'4deoxy-4"-(epimethylamino)avermectin  (KOH) were obtained from EM Science, Gibbstown, NJ; ammonium
B1. and By, benzoate salts: 95%:B 5% By, 96.8% total chemical ~ acetate, ammonium hydroxide (280%), and phosphoric acid were
purity] and [53H]-4"-deoxy-4'-(epimethylamino)avermectin,Bben- obtained from J. T. Baker, Phillipsburg, NJ; trifluoroacetic anhydride
zoate salt (specific activity 16.80 mCi/mg; radiochemical purity of ~ (99+% purity) andN-methylimidazole (NMIM; 99+% purity) were
98.5%) were provided by Schering-Plough, Kenilworth, NJ. The Purchased from Aldrich Chemical Co., Milwaukee, WI; hydrochloric
emamectin benzoate an%Hl]emamectin Ba benzoate were mixed to acid was pUrChased from VWR Scientific PrOdUCtS, West Chester, PA.
give a specific activity of 587,569 dppg of emamectin Bbenzoate ~ Water was purified on site using a Barnstead NanoPure Il water
for the compound formulated in feed for administration to fish. The Purification system. A propanesulfonic acid (PRS) cartridge was
specific activity of the JH]lemamectin B, resulting from the mixture purchased from Varian, Harbor City, CAd-Labeled liquid scintillation
of emamectin B benzoate withJH]emamectin B, benzoate was not cocktail for the Harvey biological oxidizer was obtained from R. J.
determined. The following emamectin metabolite reference standardsHarvey Instrument Corp., Hillsdale, NJ, and Ready Value liquid
(each consisting of a major;Band a minor B, homologue except for scintillation cocktail was purchased from Beckman Instruments Inc.,
one compound) were also provided by Schering-Ploughdebxy- Fullerton, CA.

4" -epi-aminoavermectin Bbenzoate (desmethylemamectin, purity of Salmon and Treatment. The in-life phase of the study was
90.1% B benzoate), 4deoxy-4"-(epimethylamino)avermectin Belta conducted by Atlantic Fish Health, Inc., University of Prince Edward

8,9 isomer (8,9-Z-emamectinBpurity of 91.9%, By), 4"'-deoxy-4"- Island, Charlottetown, PE, Canada. One hundred and twenty-two
epi-(N-formyl-N-methyl)aminoavermectin §N-formylemamectin B, unsexed Atlantic salmon, averagingl.3 kg, were used in the study.
purity of 88.0% B), and 4'-deoxy-4""-epi-(Nformyl)aminoavermectin The fish were maintained at5 °C in two identical 1800 L tanks (A
B1 (N-desmethyl-N-formylemamectin,Bpurity of 83.4% B). The and B) of recirculating seawater connected to a single reservoir. Tank

structures of these compounds are illustrateBigure 2. Food grade water was filtered through activated charcoal prior to being recirculated
butylated hydroxyanisole (BHA, 100% purity) was provided by through the system. After an acclimation period of 14 days, 100 fish
Schering-Plough. All solvents used were of HPLC or analytical grade. were given fHlemamectin benzoate formulated in feed to provide a
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nominal dose of 5Qig/kg of live weight/day for 7 consecutive days interval were used for pooling, whereas muscle and intact muscle/skin
based on a feeding rate of 0.4% body weight per day and the total samples were subsampled for pooling and reprocessed prior to further
biomass in each tank. The entire daily medicated feed ration was offeredanalyses. Each pooled subsampi&{50 g) was extracted by blending
to all fish in each tank over a 30 min period and any uneaten feed was with methanol ¢4 or 8 times, v/w), three times using a Tekmar
removed later the same day. The remaining 22 fish served as Tissumizer; supernatants were isolated by centrifugation (IEC Centra
unmedicated controls, 4 being removed before dosing and 18 being7R, 20 minx 2500 rpm, 10°C) and analyzed by direct LSC. After
placed in the tanks with the dosed fish after dosing was completed. air-drying, the post-extraction solid pellet containing bound radioactive
The treated feed was prepared by mixing a feed premix containing the residues (PES) was analyzed by combustion/LSC. Each supernatant
[*H]emamectin benzoate, sieved Atlantic Salmon pellet feed (Moore was concentrated using a rotary evaporator, and subsamples of the
Clark, Canada), and fish oil. The feed premix used for the treated feed concentrates were further evaporated to dryness under a stream of
preparation was of similar composition to commercial SLICE. The nitrogen and reconstituted as final extract in a mixture of 0.1% H
actual daily dose received was33 ug/kg. Analysis of the treated feed =~ PQJCH3;OH (1:1, v/v) prior to HPLC analysis.
before and after dosing gaveailemamectin B radiopurity of~98%. HPLC Conditions Used for Metabolite Profiling (HPLC Condi-
Specimen Collection.Groups of 10 dosed fish were euthanized at tion ). The HPLC systems used for the study consisted of the following
3,12, 24, and 72 h and at 7, 15, 30, 45, 60, and 90 days post doseinstruments: Waters 600E (Milford, MA) solvent delivery system,
Control fish fi = 4) were removed-96 h prior to initial dosing. After Waters 484 UV detector at the wavelength of 246 nm, Ramona 5-LS
weighing, mucus was collected from both flanks. A blood sample was with a 600-xL liquid cell using Ready Flow Il at 2.5 mL/min, Waters
collected from the caudal vein, and the fish were exsanguinated by 717 autosampler, Foxy 200 fraction collector (ISCO), and Waters
severing the gill arches. The end of the intestine was clamped closedMillennium 2020 Chromatography Manager. A Primesphere 5 C18-
(via a small incision) prior to descaling to prevent fecal contamination HC 110A (4.6 mm i.d.x 150 mm, 5um particle size) from
of the skin. Samples of liver (entire), kidney (entire), bile (when Phenomenex, Torrence, CA, was used as an analytical column preceded
available), gut contents, skin (from two filets), muscle (from two filets), by a Primesphere guard column (4.6 mm ixd.30 mm, 5um) at a
and bone (from the spinal column) were collected for analysis. Samples flow rate of 1 mL/min. The column temperature was maintained at 35
of tank water, liquid effluent (tank flush), semisolid effluent (feces), °C. The mobile phases used were 0.1%P8; in H,O (A) and
filtering charcoal, uneaten treated feed pellets, and other particulate acetonitrile (B). The following gradient program was used for metabolite
waste were also analyzed for tot#i content. Tank water, liquid profiling: a linear gradient program from 60% A to 70% B in 25 min,
effluent (tank flush), and semisolid effluent (feces) were removed daily followed by a 1-min linear gradient from 70% B to 100% B and a
during dosing and until 1 week post dose and then were collected once10-min hold before returning to the initial condition. Due to low levels
per week thereafter until 90 days post final dose. Each salmon was of radioactivity in most of the sample extracts (except liver and kidney),
scaled with a knife and divided into two fillets. From one fillet, the the detection of radioactivity in HPLC eluates using a liquid cell
skin was peeled from the muscle and any remaining muscle tissue wasradioactivity monitoring (RAM) system was not sufficiently sensitive
removed from the skin. Collected fish samples were stored frozen until to allow detection of minor components. Therefore, radioactivity in
further processing. Muscle, skin, and intact skin/muscle tissues contain-those samples was monitored by a combined technique consisting of a
ing incurred residues from the 3-, 12-, 24-, and 72-h and 7-, 15-, and liquid cell RAM system in tandem with fraction collection followed
30-day withdrawal times were used for HPE@uorometric analysis. by LSC. In certain analyses, the eluate was bypassed directly into a
Additional control muscle and control skin samples were obtained from fraction collector for direct LSC analysis. The HPLC eluate for each
a commercial source and were used to monitor assay performance. sample analysis was collected every 30 s; the entire eluate was counted
Specimen Preparation and Assay for Total RadioactivityMuscle by LSC, and a reconstructed HPLC chromatogram was prepared using
samples were partially thawed and diced into smaller pieces. Diced the data. Reference standards were cochromatographed with a sample
samples were blended in a food processor. Separate skin samples weréxtract using HPLC condition | to obtain a more accurate assessment
also partially thawed and minced into small pieces by hand using of retention times in the presence of extracted matrix components.
scissors. Intact muscle/skin samples were processed as described for Preparation of Standards for Residue Depletion AssayEma-
muscle. Liver and kidney samples were minced with scissors and mectin standard solutions for use in the determinative assay were
homogenized in water (1:1, w/w) using a Tekmar Tissumizer. Liver, prepared in acetonitrile and stored at or belew0 °C, at which they
kidney, muscle, intact muscle/skin, and skin samples were analyzedare known to be stable for at least 6 months. Working standards were
by combustion/LSC using biological sample oxidizers (models OX- prepared by serial dilution of a stock solution of emamectin benzoate
300 and OX-500; R. J. Harvey Instrument Corp). Bone samples from adjusted to a concentration 6100 #g of emamectin B/mL (the
each fish were cut into small pieces with scissors and placed into a @mamectin benzoate used wag0% emamectin B free base). The
glass centrifuge tube. To each tube was ad€@@0—125 mL of 2 N standard curve was prepared by using an aliquot of each working
KOH, and the tube was sealed and shaken for 4 h on a Burrell wrist standard solution.
action shaker to remove extraneous cartilage and muscle. Vertebrae Preparation of Fortified Samples for Residue Depletion Sample
were isolated by filtration, rinsed with water, and air-dried. The Assay.Fortified tissues were prepared by adding working standards to
vertebrae were weighed into a glass centrifuge tube and dissolved in 6control tissues at emamectinBree base concentrations of 40 and
N HCI (25 mL). The content was then heated at 2@0with constant 200 ppb. Fortified tissues were extracted along with incurred tissues
stirring on a Reacti-Therm heater/stirrer for 12 h, and the bone digest as described below. Although the validation of the emamectin B
was analyzed by direct LSC. Whole mucus samples were mixed with determinative assaylQ) was in the range of 56800 ppb for fortified
an equivalent amount of water (w/w) and vortexed. Bile and plasma tissues, the 40 ppb fortification was used for the quality control (QC)
samples were vortexed and directly analyzed by LSC. Tank water and samples in the present study because the residue levels in some incurred
liquid water effluent samples were directly analyzed by LSC. Gut tissues were expected to b&0 ppb. In addition, the results from the
contents were homogenized with an equivalent amount of water (w/ emamectin determinative method validatialD) indicated that the
w) and analyzed by combustion/LSC. Semi-solid effluent samples (feces}theoretical level of quantitation (LOQ) is considerably lower than 40
were homogenized using Tekmar Tissumizer and analyzed by combus-ppb, and the lowest standard used corresponded to 20 ppb in tissues.
tion/LSC. Charcoal samples were mixed by hand and analyzed by Preparation of Untreated Control Samples for Residue Depletion
combustion/LSC. Uneaten feed pellets were homogenized in water (1: Assay. For each analysis, unfortified tissue samples from a control

1, wiw) and analyzed by combustion/LSC. (nontreated Atlantic salmon) served as blanks and were processed and
Extraction of Residues for Metabolite Profiling. After total analyzed to check for interference.
radioactive residue (TRR) determination, samples=(5) of liver, Assay Procedure for Residue Depletion Assajhe determinative

kidney, gut contents, muscle, skin, and intact muscle/skin from the HPLC—fluorometric assay, which has been previously reported in detail
following intervals were pooled by matrix and post dose interval for (10), was used for the present study without modification. The deriva-
metabolite profiling: 2 h, day 7, day 15, day 45, and day 90. The entire tization of emamectin residues in the assay is based on the original
samples of liver, kidney, gut contents, and skin from five fish per procedure reported by Tway et alllj involving conversion of
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Figure 3. Structures of emamectin B, and the fluorescent derivative of the marker residue.

~2.5 Grams of processed tissue

1. Add I mL ACN, 4 mL H,0, 10 mL EtOAc
2. Homogenize

3. Rinse probe with 10 mL EtOAc and combine with
the 1st 10 mL. Extract by shaking, followed by
centrigugation (for skin samples, a H,O/EtOAc
mixture was used for the 1st rinsing)

4. Repeat EtOAc extraction with 10 mL EtOAc
Combine both supernatants - total 30 mL EtOAc

5. Condition PRS SPE column with 5 mL each of
1% NH,OAc in MeOH, MeOH, 1% phosphoric acid
in MeOH, H,0, MeOH and EtOAc

. Load PRS with 30 mL EtOAc extract
. Wash with 2 mL EtOAc and 5 mL. MeOH
. Elute with 5 mL 1% NH,OAc in MeOH

NI~ I B

. Take 1/5 of the methanolic eluate

(Stopping point up to 1 month)

i ,,

10. Add 4 mL H,0, Retain t.he remaining
eluates in a freezer for

Basi ith 2 f NH,OH

asify with 2 drops o 0 future use if needed

11. Extract with 2 x 5 mL EtOAc

12. Evaporate EtOAc to dryness

13. Reconstitute in ACN and sonicate for 10 min in hot water

14. Derivatize with 0.1 mL NMIM and 0.3 mL TFAA:ACN (1:2)
in a hot water bath for 20 min

15. After derivatization, dilute to 5 mL with 3 mL. ACN and

0.6 mL H,0
(Stopping Point \'Jup to 7 days)

16. Inject 10 uL on the HPLC with fluorescence detection

17. Quantitate by comparison with external standards
derivatized concurrently

Figure 4. Flow diagram of the procedure to determine emamectin
benzoate marker residue in fish tissues.

ivermectin to an intensively fluorescent aromatic derivative. The
structure of the derivative of the marker residue, emamectin i8
shown inFigure 3. A flow diagram of the procedure is presented in
Figure 4.

Preparation of Standard Curve (Absolute). An absolute standard
curve was prepared containing six points in the concentration range of
2 and 100 ng/mL emamectin Bfree base (equivalent to 20 and 1000
ppb for the 2.5-g tissue sample used in the assay). The calibration
standard solutions were prepared by volumetrically transferring 1 mL
each of the working standard solutions to separate 15-mL tubes followed
by the addition of 0.1 mL of NMIM. The mixture was then subjected
to the same reaction conditions as used for the sample extracts.

HPLC Conditions for Residue Depletion Assay (HPLC Condition
I1). The HPLC systems used for the determinative assay consisted of
the following instruments: Waters 600E (Milford, MA) solvent delivery
system, Waters 474 fluorescence detector, Waters 717 autosampler,
and Waters Millennium 2020 Chromatography Manager. Zorbax RX-
C8 (4.6 mm i.d.x 250 mm, 5«m particle size) from MacMod, Chadds
Ford, PA, was used as an analytical column preceded by a Brownlee
RP-18 Newguard guard column (3.2 mm ixl.15 mm). The mobile
phase used was Nanopure water/methanol (5:95) at a flow rate of 1
mL/min. The fluorescence detector parameters were set as follows:
excitation wavelength at 365 nm and emission wavelength at 470 nm,
gain at 100x, bandwidth at 18 nm, response time at standard, filter at
RC filter, and flow cell size of1G:L. An injection volume of 1QuL
and a total run time of 15 min were maintained for all analyses.

Quantitation of Marker Residue. A linear regression standard curve
was constructed using an external standard calibration [emamegtin B
free base peak response as yheoordinate and emamectimBree
base (derivative) standard concentration (ng/mL) astb@ordinate].

Six external standards were injected before and after the samples to
ensure the system suitability and sample stability. A typical analysis
set contained 30 tissue samples including one control and four fortified
quality control samples. A single injection was made from each sample
extract, and the system stability was maintained throughout the 30
injections made between the analyses of six external standards. Using
the slope §) and interceptll from the linear regression equation, the
unknown sample concentration of emamectinfBee base (derivative)

in the final sample extract was calculated as follows:

concentration in ng/mL in the final sample extract$x)
[peak response (v} 1)/S

The resulting sample extract concentration was converted to parts
per billion (nanograms of emamectin Bree base per gram of tissue)
by multiplying the final milliliters of take-up volume by 5 to take into
account that only one-fifth of the methanolic elute was used for the
further workup and dividing by the sample weight in grams. The
formula is expressed as

concentration in tissue (ppb) XX—V\\//XS
whereX = concentration in the final sample extract (ng/m\.y= total

volume of the final sample extract 5 mL, 5 = correction for the
subsampling of one-fifth of the methanolic eluate, &vie- total tissue
weight (g)= 2.5 g.
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Table 1. Mean Total Radioactive Residues as [*H]Emamectin Benzoate Equivalents in Tissues and Bodily Fluids from Treated Salmon (n = 10 per
Interval)

av ppm
muscle with gut
group interval muscle skin skin liver kidney bone mucus plasma hile contents
-2 3h 0.0612 0.0843 0.0635 1.9588 2.0261 0.0049 0.0054 0.1107 6.2862 0.6694
111-3 12h 0.0590 0.0836 0.0619 2.0114 2.0671 0.0035 0.0049 0.1171 5.0495 0.6607
11-4 24 h 0.0533 0.0693 0.0554 1.8858 1.9695 0.0029 0.0070 0.0932 5.0967 0.5806
-5 72h 0.0648 0.0927 0.0643 2.2096 2.6719 0.0069 0.0106 0.1185 6.3770 0.5307
111-6 day 7 0.0485 0.0742 0.0487 1.9372 2.6897 0.0038 0.0057 0.0890 3.6149 0.5706
-7 day 15 0.0511 0.0906 0.0549 2.2605 3.0647 0.0040 0.0077 0.0847 4.8685 0.3099
-8 day 30 0.0366 0.0600 0.0368 1.5406 2.2301 0.0031 0.0107 0.0576 3.2778 0.2802
-9 day 45 0.0308 0.0534 0.0345 1.6746 2.2678 0.0037 0.0125 0.0561 2.5925 0.2308
11I-10 day 60 0.0248 0.0484 0.0273 1.4373 1.9029 0.0045 0.0091 0.0414 2.1820 0.1783
1-11 day 90 0.0185 0.0356 0.0196 1.0827 1.4355 0.0017 0.0106 0.0298 1.4925 0.1564

Table 2. Distribution of Radioactivity in Tissue and Bodily Fluids from Treated Salmon (n = 10; Results Expressed as Percent of Total Fish
Residue)

av % distribution

muscle with gut

group interval muscle skin skin liver kidney bone mucus plasma bile contents total

111-2 3h 19.98 1.20 22.19 28.12 21.70 0.02 0.01 0.19 1.85 511 100.00
11-3 12h 19.08 1.03 21.08 30.17 22.26 0.01 0.01 0.21 3.61 454 100.00
-4 24 h 18.72 1.01 20.78 29.66 22.93 0.01 0.01 0.18 3.78 3.69 100.00
-5 72h 18.53 1.07 19.62 30.09 26.99 0.02 0.01 0.21 1.20 2.75 100.00
11I-6 day 7 17.18 0.96 18.61 29.18 29.58 0.02 0.01 0.16 2.12 2.83 100.00
-7 day 15 15.84 1.12 18.26 31.01 30.77 0.01 0.01 0.18 1.27 1.67 100.00
-8 day 30 16.01 0.97 16.48 28.37 34.64 0.01 0.01 0.16 1.32 2.70 100.01
111-9 day 45 13.99 0.95 16.47 3211 33.72 0.01 0.01 0.13 2.23 1.28 100.00
11-10 day 60 13.33 1.00 15.86 34.44 32.62 0.02 0.01 0.12 1.63 1.14 100.00
1-11 day 90 14.01 1.04 15.42 31.52 33.35 0.02 0.01 0.10 2.36 2.18 100.00

Recovery was determined by dividing the calculated parts per billion 0.100
in the fortified samples by the theoretical concentration (nanograms of

emamectin B, free base added per gram of control tissue) and 0.090
expressing the result as a percentage (x100%).

Notes to Analysts and Safety Considerationsare should be taken 0.080
to wear proper eye and hand protection, and work should be done in

a properly vented laboratory hood when TFAA is handled. 0.070

RESULTS 0.060

ppm

Total Radioactive Residues.TRR (expressed asHlJ-
emamectin benzoate equivalents) in tissues, bodily fluids, and s
gut contents generally declined with time post dose, although= 4 g4 |
many tissues exhibited peaks at 3 h, 72 h and 15 (&gble
1). The highest TRR level in tissues was found in kidney (3.06 0.030 1
+ 0.73 ppm on day 15, declining to 1.44 0.44 ppm by day

0.050

90). Muscle TRR levels varied from 0.0530.19 to 0.065+ 0.020 |
0.019 ppm through 72 h, declining to 0.0%90.005 ppm by
day 90, whereas TRR levels in skin ranged from 0.869.027 0010 + _o  Muscle —o— Mus. w/Skin —e— Skin

to 0.093+ 0.034 ppm through 72 h, declining to 0.0360.010
ppm by day 90. Muscle-with-skin TRR levels varied from 0.055 0000 ; ;
+ 0.019 to 0.064t 0.02 ppm through 72 h, decreasing to 0.020 0.0 200 400 60.0 80.0 100.0
+ 0.006 ppm by day 90. TRR levels in plasma were modest, Time Post-Final Dose (days)
ranging from 0.119 0.04 ppm at 72 h to 0.03& 0.01 ppm
by day 90, whereas those in mucus amounted@®1+ 0.007
ppm through the entire testing interval. Residues in bone were
also low, ranging from 0.00% 0.002 ppm at 72 h to 0.002 intact muscle/skin (15—22%) also contained a sizable portion
0.001 ppm by day 90. The TRR levels in bile and gut contents of the total fish residue. Bile and gut contents contained a small
ranged from 6.38t 1.21 ppm (bile, 72 h) to 1.4% 0.53 ppm proportion of the total fish residue~L—5%), whereas skin,
and from 0.669+ 0.140 ppm (gut content, 3 h) to 0.156 bone, mucus, and plasma each contained o¥ily6 or less
0.062 ppm by day 90. (Table 2). The total radioactive residue depletion results are
The highest distribution of total fish residue occurred in liver depicted graphically irFigure 5 for muscle, skin, and intact
and kidney, with 28-34 and 22—35% of the total fish residue muscle/skin tissues (edible tissues) and-igure 6 for liver
found in these two organs, respectively. Muscle{28%) and and kidney tissues.

Figure 5. Total °H residue depletion curves for muscle, skin, and intact
muscle with skin tissues.
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Figure 6. Total 3H residue depletion curves for liver and kidney.

TRR levels in tank water samples were extremely low
(<0.0001 ppm) at all intervals, demonstrating that the recircu-
lating amount of the active component due to the recirculation
of the tank water was considered to be minimal. Feces TRR
values during dosing reached a maximum~ed.25 ppm on
the fifth or sixth day of the 7 day dosing period, declining to
~0.015 ppm by 7 days after dosing, although not steadily, after
which the TRR was variable but remained below 0.017 ppm
(data not shown). This indicated that the excretion in feces was
largely complete by 1 day post dose. Insignificant radioactivity
was detected in the tank flushes and charcoal filters relative to
the dose administered (data not shown). Control (untreated)

tissue sample analyses were used to determine LOQ for each

tissue matrix, specifically estimated at 2 times control tissue
ppm values. The actual control ppm values ranged from 0 to
1.8 x 10~ ppm, yielding LOQ levels ranging from 0.00 to 3.6
x 1074 ppm.

Extraction of Residues from Tissues, Gut Contents, and
Feces.Methanolic extractions of pooled tissues (liver, kidney,
muscle, skin, and intact muscle with skin), as well as pooled

gut contents and feces samples for selected intervals were con-

ducted as described under Extraction of Residues for Metabolite
Profiling to prepare samples for HPLC analysis. The extract-
ability of ®H residues in each matrix at all time points was
excellent: >99% (liver), >98% (kidney, intact muscle/skin),
>97% (muscle, gut contents),94% (skin and feces). Recovery
of radioactivity for the method was excellent, ranging from
98.31% for feces to>100% (104—115%) for other matrices.

Metabolic Profiles of Emamectin Residues in Tissues, Gut
Contents, and FecesUsing the HPLC condition | outlined
under HPLC Condition Used for Metabolite Profiling, the
retention times were determined for emamectipdhd the four
metabolite standards>~24—25 min for desmethylemamectin
B1a ~25—27 min for emamectin & ~27—29 min for 8,92-
emamectin B, ~35—36 min forN-desmethyl-N-formylema-
mectin B, and ~37.5-38 min for N-formylemamectin B,
(Figure 7). The HPLC conditions were sufficient to afford good
baseline separation of these five components.

The final extracts of pooled samples from each time point
(12 h through day 90) were analyzed by HPLC using condition

J. Agric. Food Chem., Vol. 52, No. 7, 2004 2113

i) X1@ '—r" - 'T$ "‘ag o
o L%
']
3. e B -
n
1 oy o
8 4
NJEAS
5. O + 5
3 4
4, 001
JLM .
208 “_HMM_NW%V‘JJJ yL M}_M}_-u e
g.@g  16.@@ HEENT) 30, 0@ min

2. emamectin Bla
4.: N-desmethyl, N-formayl emamectin Bla

1. N-desmethyl emamectin Bla;
3. 8,9-Z-emamectin Bla
5. N-formyl emamectin Bla

Figure 7. Representative HPLC profiles of reference standards.

12 Hy. Liver CH3CH

[l

[CPS X1000
2737

12-hr Liver

emamectin Bla

080

080

040

c20

000
000

T T T T T T
1000 2000 3000

Day S0Liver CHIOH

CPS X100

Day-90 Liver

7% 2747

800
Emamectin Bla

500
400

300

N-desmethyl

emamectin Bla
2627

1.0

000
000

Figure 8. HPLC 2H profiles of the methanolic extracts of 12-h and day-
90 liver.

I. Results are provided iable 3 (liver, kidney, muscle, skin,
andmuscle with skin) an@iable 4 (gut contents and feces). The
major3H component observed in all tissues was the paré; [
emamectin B, The proportion of parent in all tissues generally
decreased from 98 to 100% of TRR at 12 h post final dose to
81-89% by day 90. Lesser amounts3f component, which
cochromatographed with desmethylemamectip, B/ere ob-
served in nearly all tissue extracts, increasing from 0 to 1%

T T ¥ T T

2000

T T U T
1000 3000 mwin



2114 J. Agric. Food Chem., Vol. 52, No. 7, 2004 Kim-Kang et al.

Table 3. Distribution of [*H]Emamectin By, and Metabolites? in Liver, Kidney, Muscle, Skin, and Intact Muscle with Skin As Determined by °H
Radiochromatography (HPLC)

6(tr= 7(tr= emamectin By, (tr = 1l (tr=
interval post 24.0-25.2 mm) 25.0-26.9 m|n) 26.5-28.5 m|n) 38.0-39.5 mm)
matrix final dose % TRRP ppm % TRR ppm % TRR ppm % TRR ppm
liver 12h ND¢ ND ND ND 99.81 1.9413 ND ND
day 7 ND ND 2.54 0.0562 97.29 2.1574 ND ND
day 15 ND ND 3.50 0.0854 96.32 2.3470 ND ND
day 45 ND ND 5.51 0.0958 94.31 1.6397 ND ND
day 90 ND ND 11.00 0.1421 88.69 1.1458 ND ND
kidney 12h ND ND 0.61 0.0139 98.34 2.2215 ND ND
day 7 0.55 0.0143 291 0.0749 94.29 2.4260 ND ND
day 15 ND ND 0.54 0.0170 97.99 3.0773 ND ND
day 45 0.34 0.0086 5.53 0.1378 92.35 2.3010 ND ND
day 90 ND ND 14.64 0.2560 84.00 1.4691 ND ND
muscle 12h ND ND ND ND 97.62 0.0926 1.56 0.0015
day 7 ND ND 349 0.0016 95.55 0.0441 ND ND
day 15 ND ND 6.11 0.0031 86.54 0.0440 ND ND
day 45 ND ND 10.95 0.0041 84.96 0.0318 1.50 0.0006
day 90 ND ND 16.30 0.0037 81.38 0.0186 ND ND
skin 12h ND ND ND ND 97.83 0.0930 ND ND
day 7 ND ND 319 0.0034 91.75 0.0965 ND ND
day 15 ND ND 1.58 0.0015 97.20 0.0929 ND ND
day 45 ND ND 10.00 0.0060 88.01 0.0526 ND ND
day 90 ND ND 14.58 0.0066 81.32 0.0365 ND ND
muscle with skin 12h ND ND ND ND 97.56 0.0761 1.30 0.0010
day 7 ND ND 5.88 0.0035 91.20 0.0535 1.81 0.0011
day 15 ND ND 6.06 0.0035 93.16 0.0531 ND ND
day 45 ND ND 14.04 0.0056 84.49 0.0337 ND ND
day 90 ND ND 15.25 0.0036 82.94 0.0193 ND ND

, N-desmethylemamectin Bya; 11, N-formylemamectin Bia. ® % , % distribution of the metabolite in the extract. , not detected.
a7, N-d hyl in B1a; 11, N-formyl in B1a. ®% TRR, % distribution of th bolite in th ¢ND d d

TRR at 12 h post final dose to +117% TRR by day 90. was established to be-10.29 min. The levels of detection
Another componeng component.1, N-formylemamectin B, (LODs) have been determined as 2.6 and 3.3 ppb for muscle
was inconsistently observed at low levets2% TRR) in several and skin, respectively (10).
extracts. No other significant residues were observed in tissues. Tissue Levels of Marker Residue The tissues assayed for
Tables 3and4 also include concentration estimates for each the marker residue, emamectinBobtained from the3H]SCH
characterized component. 58854 metabolism study, were considered to be appropriate to
RepresentativéH radiochromatograms of liver extracts (12 demonstrate the decline of the marker residue. This was so
h and 90 day) are presented kigure 8. HPLC analysis of because the fish were dosed in the same manner as proposed
12-h and 90-day gut contents indicated that emamectiaid for commercial use and théH]SCH 58854 residues were found
its desmethyl metabolite were the primary residues, although to be stable (10). Although 10 fish were sampled at each post
several minor residues were also present. HPLC analysis of feceslose interval, only 5 individual skin samples remained from
collected during dosing showed emamectip, Bs essentially ~ the metabolism study for some intervakhe other 5 skin
the only component, whereas analysis of pooled feces collectedsamples were used for the metabolite profiling (see Extraction
from O to 7 days post final dose indicated the presence of severalof Residues for Metabolite Profiling). Emamectin,B muscle
minor components of 210% TRR each in addition to ema- ranged from 32 to 67 ppb at 3 h, from 2.6 to 58 ppb for 12 h,
mectin By at ~57% TRR (Table 4). from 18 to 60 ppb at 24 h, from 24 to 64 ppb at 72 h, from 12
Method Performance for the Determinative Residue to 55 ppb at 7 days, from 19 to 48 ppb at 15 days, and from 13
Assay. One unfortified control and two SCH 58854 fortified to 39 ppb at 30 days. The fish containing the residue level of

control samples (at 40 and 200 ppb of emamectip Bere 2.6 ppb at a 12 h withdrawal time was observed as premature
analyzed for each full set of muscle and skin tissue samples.fish during the in-life phase of the study. The mean ratio of the
The procedural recoveries for the emamectiprBuscle control marker to total radioactive residue in muscle was rather constant,
samples fortified at 40 ppb (LLOQ) ranged from 87.9 t0 96.1% ranging from 0.66 to 0.73. The individual results, including
with a mean and standard deviation of 96:2.9% (N= 6). marker residue to total radioactive residue ratios as well as mean
The procedural recoveries for the emamectin $kin control and standard deviations, are reportediable 6. Emamectin

samples fortified at 40 ppb ranged from 78.4 to 88.7% with a Bi4in skin ranged from 37 to 84 ppb at 3 h, from 3.3 to 68 ppb
mean and standard deviation of 86455.6% (N = 4). A at 12 h, from 24 to 74 ppb at 24 h, from 23 to 84 ppb at 72 h,
summary of the procedural (i.e., QC) recoveries is presented infrom 15 to 48 ppb at 7 days, from 31 to 61 ppb at 15 days, and
Table 5. Emamectin B,was not detected in any of the control from 16 to 59 ppb at 30 days. The mean ratio of the marker to
samples. Standard curve linearity was excellent for all assaytotal residue in skin was also rather constant, ranging from 0.56
intervals (? > 0.99). A system suitability was determined for to 0.66. The individual results for skin, including marker residue
each set of analyses as described in the determinative d€3ay (  to total residue ratios as well as mean and standard deviations,
and the data demonstrated the stability of the analysis systemare reported iTable 7. Representative HPLC chromatograms
throughout the analysis. The retention time for emamectin B are presented ifFigure 9. The ratio of emamectin B as
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Table 4. Distribution of [*H]Emamectin B1, and Metabolites? in Gut Contents and Feces As Determined by 3H Radiochromatography (HPLC)

2(tr~ 3(tr= d(tr= 5(tr= 7(tr=
interval post 12-13.7 min) 16.5-17.8 min) 17.5 -18.8 min) 20.5 -21.5 min) 25.0—26.9 min)
matrix final dose % TRR? ppm % TRR ppm % TRR ppm % TRR ppm % TRR ppm
gut contents 12 h ND¢ ND 5.76 0.0323 481 0.0269 1.98 0.0111 5.25 0.0294
day 7 ND ND 3.58 0.0253 1.90 0.0134 ND ND 8.16 0.0577
day 15 ND ND 6.20 0.0227 4.28 0.0156 ND ND 9.16 0.0335
day 45 ND ND 6.63 0.0193 4,07 0.0119 ND ND 15.08 0.0440
day 90 ND ND 5.57 0.0108 2.63 0.0051 ND ND 23.52 0.0456
emamectin By, (tr = 8(tr= 9(tr= 10 (tr = 1tz =
interval post 26.5-28.5 min) 29.0-30.0 min) 34.0 min) 36.5 min) 38.0—39.5 min)
matrix final dose % TRR ppm % TRR ppm % TRR ppm % TRR ppm % TRR ppm
gut contents 12h 66.83 0.3742 3.16 0.0177 2.83 0.0158 3.10 0.0174 ND ND
day 7 82.94 0.5862 ND ND ND ND ND ND ND ND
day 15 71.57 0.2617 2.71 0.0099 ND ND ND ND ND ND
day 45 65.55 0.1912 2.50 0.0073 ND ND ND ND ND ND
day 90 59.41 0.1152 341 0.0066 ND ND ND ND ND ND
1(tr= 2 (= 3= 4(tr= 5tr=
extract. 3.5min) 12-13.7 min) 16.5 -17.8 min) 17.5 -18.8 min) 20.5 —21.5 min)
matrix alb % TRR ppm % TRR ppm % TRR ppm % TRR ppm % TRR ppm
feces during dosing a ND ND ND ND 0.55 0.0006 1.15 0.0013 ND ND
b ND ND ND ND ND ND ND ND ND ND
av ND ND ND ND 0.28 0.0003 0.58 0.0007 ND ND
feces post dose a ND ND 4.66 0.0017 11.44 0.0042 5.22 0.0019 151 0.0006
b 7.34 0.0027 14.44 0.0053 ND ND ND ND ND ND
av 3.67 0.0014 9.55 0.0035 5.72 0.0021 2.61 0.0010 0.76 0.0003
7(tr= emamectin By, (tr = 8 (k= 10 (R = 11 (tr=
extract. 25.0—26.9 min) 26.5-28.5 min) 29.0-30.0 min) 36.5 min) 38.0—39.5 min)
matrix alb % TRR ppm % TRR ppm % TRR ppm % TRR ppm % TRR ppm
feces during dosing a ND ND 96.64 0.1054 ND ND ND ND ND ND
b 0.29 0.0003 98.04 0.1070 ND ND ND ND ND ND
av 0.15 0.0002 97.34 0.1062 ND ND ND ND ND ND
feces post dose a 6.88 0.0025 54.90 0.0201 421 0.0015 2.74 0.0010 2.97 0.0011
b 5.30 0.0019 58.67 0.0215 312 0.0011 2.14 0.0008 4.04 0.0015
av 6.09 0.0022 56.79 0.0208 3.67 0.0013 244 0.0009 351 0.0013

a7, N-desmethylemamectin By,; 8, 8,9-Z-emamectin Bya; 10, N-desmethyl-N-formylemamectin Ba; 11, N-formylemamectin By,. ® % TRR = % distribution of TRR in the
extract. ©ND, not detected.

Table 5. Procedural (Quality Control) Recovery Summary for Analysis of Residues by HPLC—Fluorometry

muscle fortified at skin fortified at
40 ppb 200 ppb 40 ppb 200 ppb

analysis set 1 2 avd 1 2 avd 1 2 avd 1 2 avd

1 90.1 87.9 89.0 92.4 88.0 90.2

2 89.8 96.1 93.0 93.4 89.1 91.3

3 89.5 91.8 90.7 87.8 84.6 86.2

4 87.9 88.7 88.3 80.0 81.1 80.6
5 78.4 91.0 84.7 83.3 86.6 85.0
mean 90.9 89.2 86.5 82.8
SD (n—1) 2.85 324 5.56 291
CV% 3.14 3.63 6.43 351
% bias -9.1 -10.8 -135 -17.2

a Average of replicate data per each assay day. ®n = 6 for muscle and n = 4 for skin.

determined by HPLC—fluorometry in the determinative assay free base and recoveries of -831% were obtained in the

to the TRR is significantly less than 1 despite the high determinative assay (Table 5).

extractability of2H residues and the high proportion 6HJ-

emamectin By as determined by HPLE€radiometry (Tables6  DISCUSSION

and 7). This difference is accounted for by the expression of ~Emamectin B, the major homologue of emamectin, B
TRR in the study as emamectin; Bbenzoate equivalents, benzoate, when administered in SLICE-medicated feed to
whereas emamectiniBenzoate is only~80% emamectin B, Atlantic salmon, is readily absorbed and distributed to tissues
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Table 6. Emamectin By, (MAB14) Concentrations in Muscle

Kim-Kang et al.

Table 7. Emamectin By, (MAB;a) Concentrations in Skin

collection marker ratio collection marker

time TRR® ng/g residue® mean marker mean time TRR ng/g residue®  mean ratio marker ~ mean
fish interval® (ppb) (ppb) SDn vs total SDn fish interval® (ppb) (ppb) SDn vs total SDn
1 3h 96.4 67 0.70 1 3h 140.3 84 0.60
2 3h 60.2 44 0.73 2 3h 83.1 57 0.69
3 3h 68.2 49 0.72 3 3h 92.6 62 0.67
4 3h 54.5 39* 0.72 4 3h 67.0 43 0.64
5 3h 59.9 49 0.82 5 3h 76.6 58 0.76
6 3h 65.2 47 0.72 6 3h 89.5 53 0.59
7 3h 55.1 40 0.73 7 3h 85.4 49 0.57
8 3h 42.8 32* 45 0.75 0.73 8 3h 61.6 37 54 0.60 0.64
9 3h 53.1 40 10 0.75 0.04 9 3h 73.7 46 13 0.62 0.06
10 3h 56.8 38* 10 0.67 10 10 3h 73.2 49 10 0.67 10
11 12h 515 36* 0.70 11 12h 67.0 43 0.64
12 12h 76.9 39% 0.51 15¢  12h 0.8 3.3 NCe
13 12h 60.9 56 0.92 16 12h 41.1 28* 35 0.68 0.65
14 12h 62.7 47 0.75 17 12h 55.2 31* 24 0.56 0.07
154 12h 15 2.6%* NCe 18 12h 96.1 68 5 0.71 4
16 12h 32.6 23* 0.71 21 24h 124.8 74 0.59
17 12h 45.6 37* 0.81 22 24h 81.6 45 0.55
18 12h 66.5 38* 37 0.57 0.71 23 24h 61.8 60 0.97
19 12h 51.7 38* 16 0.74 0.12 24 24h 34.7 24* 0.69
20 12h 82.6 57 10 0.69 9 25 24h 355 24% 0.68
21 24h 76.1 57 0.75 26 24h 57.8 38* 0.66
22 24h 59.4 42 0.71 27 24h 56.8 3 0.65
23 24h 67.4 38* 0.56 28 24h 87.3 59 45 0.68 0.66
24 24h 255 18* 0.71 29 24h 68.2 41 16 0.60 0.13
25 24h 315 22% 0.70 30 24h 84.0 43 10 0.51 10
26 24h 411 26* 0.63 31 72h 945 67 071
27 24h 44.8 35% 0.78 32 72h 127.2 80 0.63
28 24h 82.1 60 37 0.73 0.70 33 72h 103.9 66 0.64
29 24h 55.6 40 14 0.72 0.06 34 72h 132.0 83 0.63
30 24h 49.8 35% 10 0.70 10 35 72h 49.2 21 0.55
31 72h 704 57 0.81 36 72h 82.2 45 0.55
32 72h 82.2 64 0.78 37 72h 69.6 47 0.68
33 72h 62.0 46 0.74 38 72h 132.3 84 59 0.63 0.63
34 72h 81.6 62 0.76 39 72h 99.6 66 22 0.66 0.05
35 72h 337 24* 0.71 40 72h 36.4 23* 10 0.63 10
36 72h 54.0 35% 0.65 42 7 days 84.0 48 0.57
37 72h 57.7 41 0.71 44 7 days 74.1 45 0.61
38 72h 93.9 58 46 0.62 0.71 46 7 days 29.6 16* 29 0.54 0.56
39 72h 70.3 47 14 0.67 0.06 48 7 days 27.1 15% 16 0.55 0.04
40 72h 42.2 28* 10 0.66 10 50 7 days 454 23* 5 0.51 5
41 7 days 60.3 46 0.76 41 7 days 60.3 46 0.76
42 7 days 59.4 40 0.67 42 7 days 59.4 40 0.67
43 7 days 64.4 43 0.67 43 7 days 64.4 43 0.67
44 7 days 53.2 39% 0.73 44 7 days 53.2 39* 0.73
45 7 days 78.8 55 0.70 45 7 days 78.8 55 0.70
46 7 days 25.0 15+ 0.60 46 7 days 25.0 15% 0.60
47 7 days 52.2 30% 0.57 47 7 days 52.2 30* 0.57
48 7 days 18.1 12+ 33 0.66 0.68 48 7 days 18.1 12* 33 0.66 0.68
49 7 days 434 32¢ 14 0.74 0.06 49 7 days 434 32* 14 0.74 0.06
50 7 days 29.9 20% 10 0.67 10 50 7 days 29.9 20% 10 0.67 10
51 15 days 67.2 45 0.67 51 15 days 67.2 45 0.67
52 15 days 65.3 38* 0.58 52 15 days 65.3 38* 0.58
53 15 day 58.0 38 0.66 53 15 days 58.0 38 0.66
54 15 days 30.2 19* 0.63 54 15 days 30.2 19* 0.63
55 15 days 46.2 32¢ 0.69 55 15 days 46.2 32¢ 0.69
56 15 days 46.6 33* 0.71 56 15 days 46.6 33* 0.71
57 15 days 35.8 25*% 0.70 57 15 days 35.8 25* 0.70
58 15 days 36.8 32¢ 35 0.87 0.68 58 15 days 36.8 32* 35 0.87 0.68
59 15 days 52.0 35% 9 0.67 0.08 59 15 days 52.0 35* 9 0.67 0.08
60 15 days 725 48 10 0.66 10 60 15 days 725 48 10 0.66 10
61 30 days 51.9 36* 0.69 61 30 days 51.9 36* 0.69
62 30 days 304 21* 0.69 62 30 days 304 21* 0.69
63 30 days 47.2 32¢ 0.68 63 30 days 47.2 32* 0.68
64 30 days 30.7 17+ 0.55 64 30 days 30.7 17+ 0.55
65 30 days 56.5 39% 0.69 65 30 days 56.5 39* 0.69
66 30 days 20.5 13+ 0.63 66 30 days 20.5 13+ 0.63
67 30 days 19.7 14* 0.71 67 30 days 19.7 14* 0.71
68 30 days 33.9 22% 24 0.65 0.66 68 30 days 339 2% 24 0.65 0.66
69 30 days 424 29% 9 0.68 0.05 69 30 days 42.4 29* 9 0.68 0.05
70 30 days 325 21* 10 0.65 10 70 30 days 325 21* 10 0.65 10

2 Interval post final dose. P Total radioactive residue (TRR) value obtained from
the metabolism study. ¢ Concentration of emamectin By, free base determined using
the determinative HPLC—fluorometric method (10). *, Number is less than the lower
limit of quantitation (LLOQ) of 40 ppb. **, LOD = 2.6 ppb (10). 4 Premature fish.
Marker residue value assigned as LOD for calculation of mean. € NC, not calculated.

2 Interval post final dose. ° Total radioactive residue (TRR) value obtained from
the metabolism study. ¢ Concentration of emamectin Bs, free base determined using
the determinative HPLC—fluorometric method (10). ¢ Premature fish. Marker residue
value assigned as LOD for calulation of mean. *, number is less than the lower
limit of quantitation (LLOQ) of 40 ppb. **, LOD = 3.3 ppb (10). & NC, not calculated.



Metabolism and Depletion of [*H]JEmamectin Benzoate in Atlantic Salmon

] A
10.00]
> -
E J
0.00]
] 1 [} [] 1 T | 1 T
5.00 1000 15'00
Minutes
B
10.00]
> b MAB,;,
£
0.00.] A
[l [l 1 ] [ 1 | 1 [
5.60 1000 1500
Minutes
] C
10.00]
> 1 MAB, 4
E X f
0.00.] ™
[} ) [] ] [] [) [] [} | [] [ [
5.bo 1000 15'00
Minutes
] D
10.00]
> b MAB,,
€ 4 \
0.00] A
T T T T U VAL T
5.b0 1000 1500
Minutes
] E
10.00 MAB,,
- ] MAB
g N
0.00.]
T 7 Tsbo 10,00 15.00
Minutes

Figure 9. Representative chromatograms for HPLC—fluorometric assay:
(A) control muscle; (B) fortified muscle at 40 ppb; (C) fortified muscle at
200 ppb; (D) incurred residue muscle at 36 ppb (fish 61); (E) calibration
standard at 20 ng/mL (equivalent to 200 ppb).

with excretion in feces largely complete by 1 day post dose
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The metabolism of emamectin;Bin Atlantic salmon was
very similar to that reported for the rétt3) in which emamectin
Bi1a and its desmethyl metabolite constituted essentially all of
the residues in tissues and feces after oral administration, al-
though the desmethyl metabolite was at a somewhat higher pro-
portion in the rat at earlier intervals post dose. Therefore, the
rat serves as a good toxicological model for evaluation of dietary
exposure to residues of emamectin, Bom the consumption
of Atlantic salmon. Although only3H]emamectin Bywas used
to study metabolism in Atlantic salmon, metabolism of both
[®H]ememectin B, and [“Clemamectin Byin the rat indicated
that the®H label was metabolically stable. The metabolism of
emamectin B, has also been reported for bluegill sunfish
exposed toJH]emamectin B, in water for 28 days (14). TRR
levels in bluegill sunfish fillets after 28 days of exposure (0.04
ppm) were comparable to those observed for muscle and skin
of Atlantic salmon. The TRR in bluegill sunfish was completely
extractable after 28 days exposure, and the major residues were
emamectin B, (63%) and the desmethyl metabolite (14%) with
the remainder accounted for by multiple minor metabolites of
<5% each. Therefore, the metabolism of emamectip iB
bluegill sunfish (Leopmis machrochirus, order Perciformes) is
quite similar to that in Atlantic salmonS@lmo salay order
Salmoniformes) despite their being unrelated fish species.

The marker residue, emamectinBvaried over an-3-fold
concentration range in muscle and skin at each post dose
interval, perhaps due at least in part if not mostly to variable
medicated feed consumption. The MRL of 100 ppb for
emamectin B,in muscle (with skin attached) of Atlantic salmon
is the maximum level considered to be safe for consumption of
emamectin benzoate-treated Atlantic salmon by the European
Union. The mean level of emamectinAn separate muscle
(which very closely approximates that of muscle with skin
attached) did not exceed 46 ppb, nor did any individual muscle
specimen exceed 64 ppb at any time from 1 day to 90 days
post final dose. Therefore, even after dosing-88 ug of em-
amectin benzoate/kg/day for 7 days rather than the therapeutic
50ug/kg and the recovery of the method90%; 10) is account-
ed for, the residue levels in the edible tissue of Atlantic salmon
maintained at 5t 1 °C resulting from use of SLICE are safe.
Note that the residue levels obtained by radioactive assay are
expressed in parts per million, whereas the levels obtained by
the determinative assay are expressed in parts per billion.
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sustained enterohepatic recirculation as evidenced by SeveraLlTERATURE CITED
peaks in the tissue residue levels and the presence of residues

in bile and gut contents long after dosing. The relatively slow
depletion of a similar compound, ivermectin, was also observed
from the tissues of Atlantic salmon treated withiJivermectin
(12). Emamectin B, levels in skin and muscle are known to
follow a similar depletion pattern suggestive of enterohepatic
recirculation in SLICE-treated rainbow trouDichorynchus
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