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Toxicokinetic behavior and metabolism studies of metamitron and its effect on the cytochrome Pyso
content of liver microsomal pellet were carried out in black Bengal goats after a single oral
administration at 278 mg kg ! and consecutive oral administration of 30 mg kg for 7 days. Metamitron
was detected in the blood sample at 0.08 h (12.0 &+ 0.87 ug mL~1), maximum at 4 h (84.3 + 8.60 ug
mL~1) and minimum (14.6 + 1.67ug mL™') at 36 h blood sample after a single oral administration.
The absorption rate constant was 0.69 + 0.09 h™. The Vdgrea (2.00 + 0.08 L kg™1) and t;,,3 (8.98 +
0.70 h) values suggested wide distribution and long persistence of the compound in the body. The
values of T ~ B (0.80 + 0.04), F; (0.55 + 0.01), Clg (0.15 £ 0.00 L kg™* h™?1), and K»; (0.41 &+ 0.03
h~—1) suggested that metamitron retained in the blood compared to that in the tissue. Maximum
concentration of metamitron residue was found in the adrenal gland followed by bile on day 4 of
single oral administration. The higher Clg compared to Cly value indicated the excretion of the major
portion (34—40%) through urine compared to feces (20—26%). Maximum concentrations of metamitron
and its metabolite, deaminometamitron, were excreted through urine and feces at 48 and 24 h samples,
respectively. The recovery of metamitron including its metabolite in terms of parent compound varied
from 69.3 to 80.1%, of which contribution of metabolite in terms of parent compound varied from
53.1 to 63.0%. Repeated oral administration of metamitron at 30 mg kg~ for 7 days caused induction
of the cytochrome Pyso content of liver microsomal pellet of goat, suggesting oxidative deamination
of metamitron.
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INTRODUCTION consumption and accordingly has been considered for this study.
The data generated thereof will reveal the kinetics behavior,
distribution, metabolism in goat, and possible indication of the

afe use of the compound in human as well as animal society.

Metamitron [4-amino-3-methyl-6-phenyl-1,2,4-triazin-Blj4
one] is widely used as a pre- and postemergence herbicide for
the control of grasses and broad-leaved weeds in sugar and red
beets, fodder beet, and certain strawberry varieties. The
herbicidal property of metamitron was first reported in 1975 EXPERIMENTAL PROCEDURES

!oy S.Chmldt etal. (1). The photode_compOSItlon of m_etamltron Chemicals. Metamitron (technical grade, purity 98%) and its
in son_ha§ been demo_nstrated, a_md in water, pho@oly5|s pr_oduceqnetabome, 3-methyl-6-phenyl-1,2,4-triazin-Eone (purity= 98%)
deamination to deaminometamitra?) (However, information  \yere supplied by M/S Gharda Chemicals Ltd., Mumbai, India. These
with respect to disposition kinetics and metabolism of metamitron compounds were further purified (98.8%) and authenticated by TLC
especially in animal systems is not available in the literature. followed by HPLC and spectroscopic (UV, IR, MS, and NMR)
The objective of the study was to analyze the disposition kinetics analyses. All of the solvents and chemicals used in this study were of
behavior, distribution pattern, and metabolism of metamitron analytical grade and purchased from E. Merck and Sigma Chemical
including the identification of its metabolite in an animal system. Co.
Black Bengal goat is a small ruminant used for human Animal Treatment. Clinically healthy adult black Bengal male and
female (nulliparous) goats of1.5—2 years age, weighing between 12

N and 18 kg, were selected. The goats were kept in stainless steel
255&%28? g)_r“’]vgi(l)Thg?(ﬂgeggg;f;glcgyg’éj)e/a%%%riﬁﬁf (telephone 091'033'meta_bolic (_:ages_.'T_he room in Which_ the animals were housed was

T West Bengal University of Animal and Fishery Sciences. provided with artificial fluorescent lighting and controlled temperature

§ Bidhan Chandra Krishi Viswavidyalaya. (22 4+ 3 °C). Animals were fed with standard fee®) (two parts wheat
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husk, one part ground nut cake, one part crushed gram, one part crushedcheme 1. Extraction and Analysis of Caprine Blood and Bile
maize, and two parts green) and water ad libitum. Each animal was

fasted overnight before treatment. For ascertaining the minimum oral Blood 1 mL/Bile 2 mL
toxic dose level, four different dose levels of metamitron suspended in
carboxymethylcellulose (CMC: 1% w/v in water) were administered > Added  saturated  ammonium
by gavage to four groups of goats separately; each group comprised sulphate in 2.5% sulphuric acid
one male and one female. For metabolism study of metamitron, 14
(2.5 mL).
male and 14 female goats were used. Of these, two males and two
females were kept as control and received CMC in water only. The » Added methanol 20 mL.
remaining goats were randomly divided into four groups, each made
up of three male and three female animals, which were administered » Shaken vigorously for 5 min
by gavage with metamitron suspension in CMC water. A group of
treated goats was sacrificed on each of days 4, 5, 6, and 7. For > Filtered through sodium sulphate
ascertaining the maximum nontoxic oral dose level, three different dose (~4g)
levels of metamitron suspended in 1% CMC in water were administered
by gavage once daily for 7 consecutive days to three groups of goats, Filtrate

each group comprising one male and one female goat. For microsomal
study of metamitron, four male and four female goats were considered
and divided randomly into two equal groups, each having two male
and two female goats.

Determination of a Single Minimum Oral Toxic Dose. The (~4g)
objective was to find a dose level of metamitron that would produce >
minimum toxicity and no mortality within an observation period of 7
days after oral administration. Metamitron at four dose levels (222, vacuum evaporator at 40°C.
278, 370, and 445 mg ké) suspended in CMC water (1% w/v) was
administered by gavage once only to each of the animals of four groups,
each consisting of one male and one female, respectively. They were >
then kept under observation. Metamitron at 222 mgtkltid not exhibit
any toxic symptoms, whereas a dose level of metamitron at 278 mg HPLC
kg™ produced toxic symptoms in goats without mortality. The toxic
symptoms were depression, drowsiness, grinding of teeth, and dyspnoea
within 2 h; in addition, bradycradia, decreased rate of respiration, and administration. The excretions were measured or weighed and stored
formation of bloat were observed within 3 h; and there was a decreaseat —20 °C prior to extraction.
in the frequency of urination and defecation at 12 h after administration.  Collection of Tissues, Bile, and Gastrointestinal ContentsThe

Al of the above-mentioned toxic symptoms disappeared 24 h after animals of the first, second, third, and fourth groups were killed on
administration. Goats treated with metamitron at 370 and 445 mg kg days 4, 5, 6, and 7 after dosing, respectively. Samples of liver, kidney,
showed the above symptoms with greater intensity. Accordingly, the lung, brain, heart, spleen, adrenal gland, omental fat, ovary, uterus,
single minimum oral toxic dose level of metamitron has been fixed at testis, rumen, reticulum, omasum, abomasum, intestine, bile, contents
278 mg kg in the present study. of rumen and intestine, and thigh muscle, bone, and skin were taken,
weighed, minced, packed, and stored-&0 °C prior to extraction. A
sample (2 g) of each of the above-mentioned tissues except bile (2

» Reextracted thrice with methanol

> Filtered through sodium sulphate

Evaporated to dryness using rotary

Residue

Reconstituted with acetonitrile

Determination of Maximum Nontoxic Oral Dose. The objective

was to find a dose level of metamitron that on single oral administration ’ . .
for 7 consecutive days would not produce any toxic symptoms. mL) and urine (10 mL) was extracted with respective solvent, and

Metamitron at three dose levels (20, 30, and 40 mgikguspended metamitron and its metabolite were quantified and thereafter multiplied

in CMC (1% wiv) water was administered by gavage once daily for 7 with respective f_actors to get the total recovery. Because it is difficu_lt
consecutive days to corresponding three groups of goats, respectively coIIIect and ¥ve|gh thel wholde mkt_lscle,dskln, anfd b%ne, a refpresehntanve
Dose levels of metamitron at 20 and 30 mgkdid not produce any sample (2 g for muscle and skin and 30 g for bone) of each was

toxic symptoms, whereas the 40 mgkgose produced toxic symptoms e>_<tracted with respect'ive solvelﬁo{heme 4, quantified, and multiplied
such as depression, drowsiness, irritation to skin, apathy to motion, With factors as described by Davis et ) (o get the total recovery.

and anorexia within 10 min of the last dosing. Accordingly, metamitron  Microsomal Study. Metamitron at 30 mg kg suspended in CMC
at 30 mg kg has been fixed as the maximum nontoxic oral dose. ~ Water (1% wiv) was administered by gavage once daily for 7
o he kineti dv. blood | I df consecutive days to each goat of group 2, whereas only CMC water
theKjILr]SEfasr. \ljgirnt o? e:;:l(;i;t)ueri{’nerﬁgl ;:;Tt“i)n?g \;IV:;Z:i:r?aﬁ:dtetubf?at was administered by gavage in the aforesaid procedure to each goat of
. o group 1 (control). Goats of groups 1 and 2 were sacrificed on day 8,
g')ﬁi?te;t tr!nn(]afalr\rltiterrc\)/r?lilc(i(r)ﬁ?rﬁ’st?éztisc;no.ifl' éhsl'i:étg' i:t’szzc; %Systart]jbii and pieces of liver (caudate lobe) were taken, trimmed of fascia, minced,

) ) . and washed (three times) with ice-cold 1.15% KCI within 10 min;
separately. The concentration of metamitron was estimated by HPLC. subsequent steps were carried out &G4 The minced tissue was

The values of kinetic parameters such ldg (absorption rate  pjotted, weighed, mixed with 4 volumes of buffer [tris(hydrochloride)
constant)fy2Ka (absorption half-life) 5 (elimination rate constantyy, (10 mM, pH 7.4) containing KCI (0.1 M), ethylenediaminetetraacetic
ﬁ (elimination half'life), V@rea (apparent volume of diStribUtiOn), acid (10 r'nl\/|)7 and buty|ated hydroxyto|uene (RM)L and homog_

T ~ B (tissue blood ratio), AUC (total area under the blood herbicide genized in a mechanically driven Teflewylass homogenizer (Remi RQ
concentration versus time curvel(e (first-order rate constant of 127 A). The homogenate was centrifuged agflil an automatic high-
herbicide elimination from the central compartment),g Gbody speed refrigerated centrifuge (SCR 20 B, rotor RPR 20-2) for 30 min,
clearance), G (renal clearance), l(hepatic clearancek. (rate and the supernatant was centrifuged at 1050@0 1 h in amicro-
constant for transfer of herbicide from the central to th_e_peripheral ultracentrifuge (Hitachi CS-120Gx, rotor 100 AT4) to yield a microso-
compartments) Kz, (rate constant for transfer of herbicide from  mga| pellet. The microsomal pellet was suspended in buffer [potassium
peripheral to central compartment), aRg (fraction of herbicide in pyrophosphate (0.1 M, pH 7.4) containing ethylenediaminetetraacetic
the central compartment) were determined from semilogarithmic plots gcid (1.0 mM) and butylated hydroxytoluene (2B1)], homogenized

of mean blood concentration time profile data in goats using standard \ith four passes of a mechanically driven Teflegiass homogenizer,
formulas (4,5). and again recentrifuged at 105@fdr 1 h. The supernatant fraction

Collection of Urine and FecesUrine and feces were collected from  was decanted, the microsomal pellet was resuspended in a volume of
individual goats at 24, 48, 72, 96, 120, 144, and 168 h after oral buffer [tris(hydrochloride) (10 mM, pH 7.4), ethylenediaminetetraacetic
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Scheme 2. Extraction and Analysis of Caprine Urine

Urine 10 mL +

Distilled water 10 mL

> Transferred to a separatory
funnel

> Added ethylacetate 25mL
> Shaken vigorously for 5 min
P> Allowed to settle

| |

’ Water phase ‘ ‘ Organic phase ’

» Added ethylacetate

» Partitioned twice as
above

’ ‘Water phase | ‘ Organic phase H Combined

> Filtered through sodium

suiphate (49

> Evaporated to dryness
using rotary vacuum

evaporator (40°C)

> Reconstituted with
acetonitrile

e ]

Scheme 3. Extraction and Analysis of Caprine Feces and
Gastrointestinal Contents

Weighed feces/Gastrointestinal content ‘

» Blended with ethylacetate (three times)
> Filtered by suction
\ 20, |

Organic
fraction

Residue

» Washed with ethylacetate (3 x 20mL)

¢ ‘ Organic fraction ‘ | Residue |
Combined

» Evaporated to dryness using rotary vaccum
evaporator at 40°C

> Reconstituted by acetonitrile (20 mL)
» Transferred to a separatory funnel
» Added hexane (30mL}
» Shaken vigorously for 5 min.
> Allowed to settle
v
Hexane Acetonitrile phase
phase

» Added hexane (30 mL)

Discarded » Partitioned by above method (Thrice)

> Filtered through sodium sulphate (~ 4 g)

» Volume reduced to 10 mL using rotary
vacuum evaporator (40°C)

HPLC

acid (1.0 mM), and glycerol (20% v/v)], and cytochromgoRvas
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Scheme 4. Extraction and Analysis of Caprine Tissue, Bone, and
Skin

Bone (30g) and skin (2g) were
soaked in ethylacetate for
overnight in refrigerator. Bone

Minced and skin were homogenized

tissue with ethylacetate, while other
tissues were homogenized with
acetonitrile.

» Homogenized thrice with acetonitrile
and anhydrous sodium sulphate.

» Centrifuged

> Filtered and concentrated to 20 mL
using rotary vacuum evaporator at
40°C.

Concentrated filtrate
Ethylacetate / acetonitrile

» Reconstituted with acetonitrile

v

Transferred to a separatory funnel

» Added hexane and shaken vigorously
for 5 min

> Allowed to settle

» Partitioned
v v

|_Acetonttrie phase

» Added hexane and shaken vigoronsly
for 5 min

» Partitioned by above method (twice)

» Reduced the volume to 3 mL using
rotary vacuum evaporator at 40°C.

Discarded

HPLC

Extraction and Cleanup. Blood and BileTo each sample of blood
(1 mL) or bile (2 mL) was added saturated ammonium sulfate in 2.5%
sulfuric acid (2.5 mL), and the mixture was shaken. The whole content
was extracted with methanol (20 mL) and filtered through sodium
sulfate (~4 g). The test tubes were washed three times with methanol
(3 x 20 mL) and each time passed through sodium sulfate. The total
filtrate was evaporated to dryness using a rotary vacuum evaporator at
40 °C. The final volume was made up with acetonitrile (HPLC grade)
for HPLC analysis (Scheme 1).

Urine. To each urine sample (10 mL) was added and mixed distilled
water (10 mL), and the mixture was transferred to a dry clean separatory
funnel (125 mL). Ethyl acetate (25 mL) was added, shaken vigorously
for 5 min, and allowed to settle for-23 min until the ethyl acetate
phase was distinctly separated. The lower urine phase was again
partitioned with ethyl acetate. Thereafter the procedure was as described
in Scheme 2.

Feces.The method of extraction from feces and intestinal and
ruminal contents is presented 8theme 3.

TissuesThe method of extraction and cleanup of tissue sample is
presented irscheme 4. A small amount of minced tissue (2 g) except
bone and skin was homogenized with acetonitrile (20 mL), whereas
crushed bone (30 g) and minced skin (2 g) were soaked in ethyl acetate
(50 mL) and kept overnight in a refrigerator and then homogenized
with ethyl acetate (20 mL).

Quantification. A Hewlett-Packard (model 1050) liquid chromato-
graph coupled with a variable-wavelength BVis detector attached
to a 3392A integrator was used for the analysis of metamitron and its
metabolite with the following operational parameters: column, Spher-
isorb, 125x 4 mm, ODS2 Sum, made of stainless steel; mobile phase,
acetonitrile/water (1:1); the mixture was subjected to membrane

immediately measured. Protein was measured according to the methodiltration and degassed by ultrasonificatidnvalue, 306 nm; flow rate,

described by Lowry et al. (7).

0.3 mL min%; injection using a 2%:L loop with a Hamilton syringe.
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Figure 1. (a) HPLC chromatogram of metamitron (technical grade) and its metabolite. (b) HPLC chromatogram of metamitron and its metabolite, from
cleanup extract from different tissues, urine, blood, and feces in acetonitrile/water (1:1, v/v): (i) blood; (ii) feces; (iii) urine; (iv) liver; (v) kidney; (vi) heart;
(vii) fat; (viii) lung; (ix) adrenal gland; (x) skin; (xi) rumen; (xii) brain; (xiii) uterus.

Standard and samples (20Q) were injected into the liquid chromato- ~ Table 1. Kinetic Parameters for Metamitron® after a Single High-Dose

graph with the first and last being the standard. Oral Administration to Goats at 278 mg kg~* (n = 6; Mean + SEP
Chromatographic Procedure. Stock solutions of metamitron and ~ Values for both Males and Females)

its metabolite [3-methyl-6-phenyl-1,2,4-triazin-5{(}one] (100 ppm)

were prepared in acetonitrile as standards. The retention times of ___Parameter value parameter value
metamitron and metabolite were 4.8 and 3.36 min, respectifyi(e Ka (h™Y) 0.69 +0.09 Clr(Lkg~2h™Y)  0.10%0.00
1). The retention times of parent and metabolite occurring in blood/ tw2Ka (h) 101+012 Cli(Lkg™*h™)  0.05+0.00
feces/tissue/urine were compared with that of the external standard, 8™ 0.06 +0.00 Fe 0.55 +0.01
and the data were recorded in an HP 3392A integrator. tz2 f () L 8.98£0.70 Kel (hill) 0.14£0.00
Measurement of Cytochrome Rso Contents. Cytochrome B X?Ja(fi‘*a (Lkg )_1 200+0.08 Kiz (h_l) 028+0.04
: ; . (ughmL™Y) 1807 + 103 Kot (1) 0.41+0.03
contents of microsomal pellets were estimated according to the methods Cls (Lkg~2h1) 0.15 + 0.00 T~B 0.80 = 0.04

of Omura and Satdj. Microsomes were diluted with phosphate buffer
(0.1 M, pH 7.4) to a protein concentration of 7.5 mg MLA volume
of 1 mL of microsomal sample was taken in a cuvette, which then was
reduced with sodium dithionite, and a baseline was generated between
400 and 500 nm using a double-beam s spectrophotometer ~ h™%, 8.98+ 0.70 h, 2.00+ 0.08 L kg?, and 1807+ 103ug h
(Chemitto, Spectrascan 2600). The sample was then bubbled withmL™* respectively, and G| Clg,Cly, K12, andKjz; values were
carbon monoxide (CO) for 45 s. A final scan produced the CO-treated 0.15+ 0.00 L kgt h™%, 0.104 0.00 L kgt h™%, 0.05+ 0.00
minus reduced difference spectrum from which cytochromed®ntent L kg*l h=1,0.284+ 0.04 ', and 0.41+ 0.03 b, respectively
was calculated using an extinction coefficient of 91 mNbr Asos-a90nm (Table 1).

Recovery.The recoveries of metamitron and its metabolite [3-meth- Recovery of Metamitron and Its Metabolite. Feces Excre-
yl-6-phenyl-1,2 4-triazin-5(4H)-one] were estimated by fortifying dif- jon of metamitron and its metabolite was recorded at 24 h
ferent substrates with known quantities to give final concentration of and maximum quantity of both parent and metabolite WaS:

0.5, 1.0, 2.0, and 4.0 ppm for blood, urine, and bile and 1.0, 2.0, 4.0, .
and 8 ppm for feces, tissues, and gastrointestinal contents. The areaexcreted at 24 h. The levels decreased to below the detection

under HPLC peaks was plotted against several concentrations of IMit by 96 h for the parent and by 144 h for the metabolite
metamitron and its metabolite, and linearity was found to be maintained. (Table 2).
The linearity of the calibration curve was checked. The recoveries of ~ Urine. Excretion of maximum quantity of metamitron through
metamitron and its metabolite from blood, urine, and other substrates urine was recorded at 24 h. By 72 h, the level of parent was
ranged from 90 to 98%. The limit of detection for metamitron and its  below the detection limit. Metabolite was excreted through urine
metabolite [3-methyl-6-phenyl-1,2,4-triazin-5{¥}one] was found to within 24 h, reached a maximum in the 48 h urine sample, and
be 0.1 ppm. ] o ) by 144 h the level was below the detection linifiaple 3).
Statistical Anglysm of Data. Statistical analysis of data was Gastrointestinal Tract Content¥he maximum quantity of
conducted by using standard formulas (9). metamitron was recovered from rumen content on days ih
sequence followed by large (except for the day 6 sample) and
small intestinal contents. The maximum quantity of metabolite
Metamitron in Blood. The initial concentration of metamitron ~ was recovered from small intestinal content on days7 4
in blood at 5 min was found to be 120 0.87ug mL~1. The followed by large intestinal content and rumen content in
maximum concentration was detected at 4 h (84.8.60ug sequence (Table 4).
mL~1), and thereafter the concentration declined until 36 h.  Tissue.The mean residual contents of metamitron and its
Metamitron could not be detected in the blood sample of goat metabolite recovered from different tissues of goats are presented
at 48 h Figure 2). TheKg, t12Ka, 3, t1/28, Vdarea and AUC of in Table 5. The maximum quantity of parent compound and
metamitron were 0.62 0.09 i1, 1.01+ 0.12 h, 0.06t£ 0.00 its metabolite was recovered from goats on days 4 and 5,

a Test chemical. ® SE, standard error.

RESULTS
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Figure 2. Semilogarithmic plot of mean blood concentration of metamitron (g mL~1) against time following a single oral high dose at 278 mg kg=t in
goats.

Table 2. Metamitron and Its Metabolite Recovered from Feces (Parts per Million) of Goat following Oral Administration of a Single High Dose at 278
mg kgfla

group of goat sacrificed on day

time () P M P M P M P M
0-24 300 £29.6 1719 + 163 153 +19.3 1662 + 209 328 +34.0 604 + 65.6 117+ 147 523+ 65.8
24-48 453+ 265 1065 + 62.4 348 220 1343+ 849 491 +39.6 487392 463+ 26,0 563 +31.6
48-72 100 £10.2 791+ 46.3 102 +6.85 1083 + 68.4 105 £7.60 418+ 336 160 £125 739 £ 64.2
72-96 64.4+571 755+ 81.2 86.0+125 1079 + 141 96.0+7.13 588 + 45.3 67.4+593 737 £64.7
96-120 - - BDL 525 +47.2 BDL 419+ 456 BDL 566 + 71.6
120-144 - - - - BDL 307 £33.3 BDL 376£33.0
144-168 - - - - - - BDL 263£35.2

@ Mean value of six replicates with SE values of males and females; BDL, below detection limit (<0.1 ppm); P, parent; M, metabolite; —, not applicable.

Table 3. Metamitron and Its Metabolite Recovered (Parts per Million) from Urine of Goat Following Oral Administration of a Single High Dose at 278

mg kg1
group of goat sacrificed on day
time (h) P M P M P M P M
0-24 690 + 45.5 396 + 26.0 491+29.3 505 + 30.2 609 +50.3 337+27.9 489 +38.0 191+1438
24-48 356 +14.7 1057 +43.7 132 £5.52 932+£38.8 345+20.5 1273 +75.2 230+15.0 609 +39.7
48-72 103 +9.88 682 +50.4 56.8 +3.78 889 +44.7 90.4 £5.45 310+ 185 84.5+5.60 457 £30.3
72-96 BDL 213+15.6 BDL 271+125 BDL 204 +10.2 BDL 243+16.0
96-120 - - BDL 163 +8.18 BDL 122 +6.09 BDL 193 +12.7
120-144 - - - - BDL 66.5+3.31 BDL 126 + 8.36
144-168 - - - - - - BDL BDL

@ Mean value of six replicates with SE values of males and females; BDL, below detection limit (<0.1 ppm); P, parent; M, metabolite; —, not applicable.

respectively, after administration. The adrenal gland retained The small intestine retained the highest concentration of
the highest concentration of metamitron residue on day 4 metabolite followed by heart, reticulum, and bile in sequence
followed by bile, uterus, kidney, and reticulum in sequence. on day 4. Tissues such as the large intestine, small intestine,
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Table 4. Metamitron and Its Metabolite Recovered (Parts per Million) from Gastrointestinal Contents of Goats Following Oral Administration of a

Single High Dose at 278 mg kg~12

group of goat sacrificed on day

4 5 6 7
substrate P M P M P M P M
rumen content 98.4 £ 6.66 24.3+1.82 325+321 26.3+2.64 7.25+0.55 29.8+2.48 BDL 37.8+3.50
large intestinal content 24.1+1.61 277 +20.7 6.20 £ 0.62 154+17.4 4104031 188 £ 17.6 BDL 264 +25.6
small intestinal content 11.7+£0.85 1001 £72.6 5.70£0.36 785+50.3 5.35+0.40 823+ 64.0 BDL 704 +54.6

@ Mean value of six replicates with SE values of males and females; BDL, below detection limit (<0.1 ppm); P, parent; M, metabolite.

Table 5. Metamitron and Its Metabolite Recovered (Parts per Million) from Different Tissues of Goat Following Oral Administration of a Single High

Dose at 278 mg kg—'2

group of goat sacrificed on day

4 5 6 7
substrate P M P M P M P M
liver 2.85+0.25 10.3+0.91 BDL 7.04£0.79 BDL 10.4+1.16 BDL 3.76 £ 0.66
kidney 24.0+240 29.8+3.40 121+1.37 22.7+2.50 20.2+0.75 15.2 +1.50 BDL BDL
heart 557 +0.42 415+3.14 2.10+0.07 31.0+3.40 1.33+0.13 10.0 £ 1.66 BDL BDL
lung 10.6 £ 1.13 6.93£0.73 BDL 472048 BDL BDL BDL BDL
muscle BDL 7.49+0.79 BDL 541+0.52 BDL 2.66+0.18 BDL BDL
spleen 10.5+1.00 36.5+3.50 BDL 7.20+0.40 BDL 10.0+0.33 BDL BDL
fat 5.75+0.40 12.4+0.86 4.86 +0.28 19.4+1.15 153+1.72 454 +0.54 BDL 0.85+0.00
adrenal gland 50.0 £5.00 BDL 7.04£0.70 BDL BDL BDL BDL BDL
brain BDL 19.3+1.87 BDL 26.8+2.49 BDL 8.75+0.87 BDL BDL
uterus (3) 30.8+7.42 9.42+1.99 BDL 7.75+1.75 BDL 10.0 £1.00 BDL BDL
ovary (3) BDL BDL BDL BDL BDL BDL BDL BDL
testis (3) BDL BDL BDL BDL BDL BDL BDL BDL
bile 33.3+333 40.0+3.33 BDL 28.8+222 BDL 250+1.92 BDL 240+240
skin 19.1+1.93 24.6+248 6.72 £ 0.50 23.8+1.80 2.24+0.19 22.0+2.87 BDL 244 +4.19
large intestine* 7.30+0.80 7.80+0.70 4.84+0.48 7.00 +0.68 511+0.11 7.22+0.72 215+0.21 4.68 +0.10
small intestine* 7.89+0.89 704 +7.96 3.71+0.59 415+6.61 411+0.26 53.1+3.07 1.34+0.07 50.6 +6.93
rumen* 172+1.85 30.0 +3.62 8.45+0.31 142+2.25 8.42 +0.57 8.07+0.73 1.62+£0.03 BDL
reticulum* 228+4.20 41.4+7.60 102 +1.33 20.8 +2.66 138+0.18 18.0+0.20 5.76 +0.17 BDL
omasum* 11.2 +£1.00 6.20 +0.40 4.66 +0.22 311+0.22 450 +0.25 5.00 +£0.27 1.92+0.13 BDL
abomasum* 11.1+1.20 104+1.10 427+0.11 6.72+0.88 6.00 +£0.23 5.88+0.23 2.30+0.10 BDL
bone 0.62 £0.03 16.1+0.94 0.33+0.00 132+157 0.45+0.01 185+ 0.64 0.19+0.00 15.8+0.94
mammary gland (3) BDL 6.50+0.25 BDL 2.60+0.20 BDL BDL BDL BDL
blood BDL 19.0 +£2.86 BDL 7.74+0.89 BDL 10.3+1.18 BDL BDL

@ Mean value of six replicates with SE values of males and females; BDL, below detection limit (<0.1 ppm); P, parent; M, metabolite; number in parentheses indicates
number of goats; *, content not included.

Table 6. Total Recovery Percentage of Metamitron and lts Metabolite from Goats Sacrificed on Different Days Following Oral Administration of a
Single High Dose at 278 mg kg2

day 4 day 5 day 6 day 7
substrate P M P M P M P M

feces 3.42 (152) 17.1(761) 2.77 (161) 23.4(1371) 6.13 (196) 17.9(573) 4.32 (156) 21.1 (765)
gastrointestinal content 5,52 (245) 9.33 (415) 1.64 (96.7) 8.60 (502) 0.52 (16.5) 9.45 (330) - 9.56 (346)
urine 13.7 (608) 26.4 (1175) 7.03 (410) 28.1 (1643) 12.3 (395) 23.3 (744) 10.0 (364) 24.2 (878)
tissues 0.88 (38.9) 3.85(170) 0.35 (20.6) 2.93 (175) 0.31 (10.0) 2.47(79.9) 0.05 (2.10) 0.18 (49.9)
recovery % 235 56.6 11.7 63.0 19.2 53.1 143 55.0
recovery 80.1 747 723 69.3

2 Figure in parentheses indicates total milligrams recovered; P, parent; M, metabolite; —, not applicable.

rumen, reticulum, omasum, abomasum, and bone retained Metabolism in Goat. One metabolite, namely, 3-methyl-6-
metamitron on day 7. Only the small intestine retained the phenyl-1,2,4-triazin-5(4H)-one, was detected in urine, feces,
highest level of metabolite on day 7 followed by skin, bile, bone, gastrointestinal content, and tissues. The concentration of
liver, and fat in sequence. recovered metabolite was highest in urine, followed by con-
Total Recoery PercentageMaximum percentages of parent  centrations in feces, gastrointestinal content, and tissues.
and its metabolite in terms of parent compound were recovered Microsomal Study. Mean cytochrome £y contents of liver
from urine samples. Total recovery percentages from feces, microsomal pellets of groups 1 and 2 were 1:65.08 and
gastrointestinal contents, urine, and tissues for metamitron and2.70 + 0.09 nmol mg? of microsomal protein, respectively.
its metabolite in terms of parent compound from groups of goats Metamitron-treated goats showed a significapt € 0.01)
on days 4, 5, 6, and 7 after dosing were 80.1, 74.7, 72.3, andincrease of cytochromeR contents of liver microsomal pellet
69.3, respectively (Table 6). (Table 7).
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Table 7. Effect of Metamitron on Cytochrome Pys Contents of Liver
Microsomal Pellet of Goats Following Repeated Oral Administration at
30 mg kg~! for 7 Days?

animal
1 2 3 4 mean with SE  F value
group 1 (control) 1.65 1.72 144 1.82 1.65+0.08 15.2%
group 2 321 233 306 220 2.70 £0.09

2 Cytochrome Pgsp results reported as nanomoles per milligram of microsomal
protein; *, p < 0.01 between groups 1 and 2; SE values of male and female goats.

N—/N
=< >
—N
7 N
O NH,
Metamitron

[4-amino-3-methyl-6-phenyl-1,2 4 — triazin-5 (4H)-one]

Deamination
N—/N
=L >
——N
7 N
o H
Metabolite

[3-methyl-6-phenyl-1,2,4 — triazin-5 (4H)-one]
Figure 3. Probable metabolic pathway of metamitron.

DISCUSSION

Detection of herbicide in the 0.08 h blood sample coupled
with the absorption rate constanK value indicates that
metamitron is rapidly absorbed from the gastrointestinal tract
of the goat. The values of the tissue/blood ratio~<T1B) and
the fraction of herbicide in the central compartméry) (ndicate
that metamitron after attaining pseudoequilibrium may be
retained either in blood or in tissue or in both. Elimination half-
life (ti2f), low body clearance (g) value, andKj; value
(transfer of compound from tissue to blood) suggest that the
compound may be retained in the blood, and consequently it
was detected in the blood until 36 h after a single oral
administration. The maximum residue of parent compound was
detected in the adrenal gland followed by bile on day 4 of
sacrifice. Metamitron has little tendency to accumulate in the

Debnath et al.

herbicide to all parts of the body, and in accordance with the
observation, all of the goat tissues except muscle, ovary, testis,
and mammary gland on day 4 after a single oral administration
retained the residue, whereas only bone and gastrointestinal
contents retained the residue on day 7 after administration. The
renal clearance (g) value is 1.8 times greater than the hepatic
clearance (@) value, and in consonance-340% of metamitron
including its metabolite against the administered dose was
recovered from urine, of which the metabolite in terms of parent
compound contributed>65%. Likewise, 20-26% of the
herbicide including its metabolite was recovered from feces of
goat at different days of sacrifice, whereas metabolite in terms
of parent compound was74%. Similarly, metabolite in terms

of parent compound contributed 81% of the recovery made from
the tissues of goats sacrificed at different days after administra-
tion. Metamitron caused induction of the cytochromgoP
content of liver tissue of goats. It appears that metamitron
undergoes oxidative deamination very rapidly, yielding the
metabolite [3-methyl-6-phenyl-1,2,4-triazin-5(4H)-one], and a
tentative metabolic pathway was proposed showing oxidative
deamination of metamitrori-{gure 3). Material balance of the
herbicide including metabolite in terms of parent compound after
a single oral administration (69-80.1%) seems to be quite
satisfactory.
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