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A number of investigators have demonstrated that when
inorganic arsenic is administered to humans and
experimental animals, methylarsonic acid (MAA) 1is
formed in vivo (Yamauchi and Yamamura 1979a,b,1985;
Buchet et al. 1981; Vahter 1981). Low concentrations of
MAA have been detected in human organs (Yamauchi and
Yamamura 1983) and urine (Yamauchi and Yamamura
1979a,b; Buchet et al. 1981). Compounds containing MAA
are used as arsenic agrochemicals (Abdelghani et al.
1986), and subacute arsenic poisoning has been reported
in a farmer exposed to a large quantity of MAA (Hessle
and Berman 1982). Few studies of the metabolism and
elimination of MAA have been published. Following
administration of a single oral dose of MAA to human
subjects, Buchet et al.{1981) reported that MAA was
rapidly metabolized to dimethylarsinic acid {DMAA) in
vivo and excreted in urine, While the el imination of
MAA has been investigated experimentally in animals
(Shariatpanshi and Anderson 1984), nothing is known of
MAA metabolism and distribution in vivo.

In the present study, the metabolism of MAA was
investigated following its administration to hamsters.
Arsenic species deposited in selected organs and blood,
and the amounts and chemical species of arsenic
excreted in urine and feces were determined.

MATERIALS AND METHODS

Male syrian golden hamsters, weighing 95.7x7.0 g, were
used in groups of 5, The hamsters had free access to a
pellet feed manufactured by Japan CLEA, Tokyo, and
distilled water. The hamsters received a single dose of
5, 50 or 250 mg/kg body weight of MAA (Ventron Corp.,
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Danvers, Mass., U.S.A.) through a stomach tube, or a
single intraperitoneal dose of 50 mg/kg body weight.
The sample of MAA used contained 0.3% inorganic
arsenic, The hamsters were killed before, and 1, 6, 12,
24, 72 or 120 hr after the administration of MAA, Urine
and feces were collected separately for each 24 hours
by housing the animals in individual plastic metabolic
cages. All assay materials were preserved frozen at -20
OC until assay.

Hair was washed with distilled water, ethanol and
acetone. For arsenic analysis, 0.5 to 1.0 g of tissue
or feces, and 0.5 to 1.0 ml of blood or urine were
transferred into 10-ml polymethylpentene test tubes.
After addition of 5 ml of 2 N NaOH, the specimens were
heated in a heating block (YAMATO model HF-41) at 950C
for 3 hr. In preliminary experiments, neither MAA, DMAA
nor trimethylarsenic compound (TMA) degraded into any
other chemical species of arsenic even when heated at
959C in 2 N NaOH. Inorganic arsenic, MAA, DMAA and TMA
were determined by liquid nitrogen trapping - arsine
generation - atomic absorptiometry (Yamauchi and
Yamamura 1984a). The detection limits of the 4 chemical
species of arsenic by the respective methods were 0.5
ng, with the coefficient of variation being less than
5%.

From the determined amount of inorganic, MAA, DMAA and
TMA in urine and feces following the administration of
MAA the respective background values described in the
Results were deducted (mean values before the
administration of MAA),

RESULTS AND DISCUSSION

Table 1 shows the concentrations of chemical species of
arsenic in the tissues following the oral
administration of a single 50 mg/kg body weight dose of
MAA, The peak total arsenic concentration was highest
in the kidney, followed in order of decreasing peak
concentration by spleen, lung, skin, liver, muscle,
hair and brain. The pattern of deposition indicated
that a large fraction of the MAA is accumulated in the
kidney within 6 hr of administration. It has been
reported that the administration of arsenic trioxide to
hamsters leads to the in vivo formation of MAA
(Yamauchi and Yamamura 1985), and that this MAA is
deposited in the kidney at high levels. The pattern of
MAA deposition in the present study was in accord with
those findings. The MAA concentrations in all tissues,
other than the MAA undergoing clearance, rapidly
decreased with only a trace of MAA detected at 120 hr.
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Table ! Concentration of arsenic compounds in blood
and tissues after a single oral administration of
methylarsonic acid (50 mg/kg).

Sample Chemical Concentration of arsenic (ug As/g wet wt,)
species
Hours after administration
C 1 6 12 24 72 120
Whole* [nAs 0.07 0.11 0.10 0.17 0.14 0.10 0.11
blood MAA - 0.57 0.91 0.44 0.22 0.06 <0.01
DVAA - -~ <0.01 0.03 0.02 <0.01 -
Plasma* InAs 0.11 0.13 0.10 0.14 0.18 0.13 0.10
MAA - 0.61 0.85 0.23 0.08 0.03 <0.01
DMAA - - 0.02 0.08 0.06 <0.01 -
Brain InAs <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
MAA - <0.01 0.02 0.01 <0.01 <0.01 <0.01
DMAA - - 0.01 0.03 0.03 0.01 <0.0t1
Hair InAs 0.05 0.05 0.04 0.03 0.02 0.04 0.04
Kidney InAs <0.01 <0.01 <0.01 <0.0L <0.01 <0.01 <0.01
MAA - 0.80 1.87 1.74 1.88 2.09 1.47
DMAA - 0.01 0.11 0.15 0.10 0.02 0.01
Liver InAs <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
MAA - 0.10 0.17 0.08 0.04 <0.01 <0.01
DMAA - <0.01 0.03 0.04 0.04 0.01 <0.01
Lung InAs 0.01 0.01 0.01 0.01 0.01 0.01 0.01
MAA - 0.27 0.78 0.72 0.41 0.11 0.02
DMAA - 0.01 0.16 0.35 0.25 0.10 0.01
Muscle InAs 0.01 0.01 0.0t 0.01 0.01 0.01 0.01
MAA - 0.05 0.08 0.10 0.07 0.04 0.03
DMAA - <0.01 0.01 0.02 0.03 0.01 <0.01
Skin InAs 0.05 0.07 0.05 0.04 0.04 0.05 0.06
MAA - 0.17 0.27 0.20 0.13 0.05 0.02
DMAA - - 0.01 0.04 0.05 0.01 -
Spleen InAs 0.05 0.06 0.06 0.05 0.06 0.07 0.06
MAA - 0.25 1.17 1.52 1.24 0.19 0.03
DVIAA - - 0.05 0.09 0.08 0.03 -
*,ug As/ml; Mean for five hamsters; C,controls; -,not detected
After the administration of MAA, trimethylarsenic compound
(<0.01 ug As/g.wet wt.) was detected in the kidney, liver, lung and
muscle.

The MAA concentration in the kidney declined very
slowly. The total arsenic concentrations in most
tissues, following the oral administration of MAA to
hamsters remained low, compared with the result
reported in experiments with a similar arsenic dose
(about 1.5 mg/body weight) as DMAA (Yamauchi and
Yamamura 1984a) and arsenobetaine (Yamauchi et al.
1986). This difference may be caused by a low rate of
absorption of MAA from the gastrointestinal tract.
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Table 2 Percent excretion of arsenics in urine and
feces of hamster after a single oral and
intraperitoneal administration of methylarsonic acid
(50 mg/kg).

Hours after Percentage of administered dose
administration
InAs MAA DMVAA ™A
oral ip oral ip oral ip oral ip
Urine -24 0.02 0.01 26.9 77.7 1.43 0.82 0.07 0.02
-48 0.02 0.01 1.82 3.00 2.10 0.22 0.18 0.02
-72 0.02 0.01 0.19 0.41 0.39 0.05 <0.01 0.01
-96 0.01 0.01 0.06 0.20 0.16 0.03 0.02 0.01
-120 0.01 <0.01 0.06 0.09 0.11 0.01 0.04 0.01
Feces -24 0.02 <0.01 56.1 0.74 0.08 0.02 - -
-48 0.02 <0.01 4.41 0.12 0.15 <0.01 - -
-72 0.01 <0.01 0.07 0.03 0.02 <0.01 - -
-96 <0.01 <0.01 0.01 0.01 - <0.01 - -
-120 <0.01 <0.01 0.01 0.01 - <0.01 - -

Mean for five hamsters; ip,intraperitoneal

In the present experiments, MAA was detected in tissues
as soon as 1 hr after the administration, and reached a
peak in the respective tissues at 6 or 12 hr, DMAA was
detected in the liver, kidney, lung and muscle from 1
hr after the oral administration of MAA, and reached a
peak in the respective tissues at 12 hr. MAA, when
orally administered to hamsters, is methylated in vivo,
and part of it is converted into DMAA. Neither
inorganic arsenic nor TMA appeared in tissues as a
result of MAA, No MAA, DMAA or TMA were detected in the
hair.

Table 1 shows the concentrations of chemical species of
arsenic in the blood following the oral administration
of a single 50 mg/kg body weight dose of MAA, The MAA
concentration in blood reached a peak 6 hr after dose
administration. MAA was present in plasma and blood
cells at similair concentration during the first 12 hr,
but tended to be associated with the blood cells after
12 hr. The DMAA concentration in plasma reached a peak
at 12 hr. Both MAA and DMAA rapidly disappeared from
the blood, returning to the respective control! values
at 120 hr. The inorganic arsenic and TMA concentrations
in blood following the administration of MAA did not

change significantly, compared with the concentration
in control hamsters.

Table 2 shows the patterns of arsenic excretion in
urine and feces during 120 hr after the oral or

intraperitoneal administration of a single 50 mg/kg of
body weight dose of MAA. The background arsenic
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concentration prior to the administration of MAA was
0.76+0.2 pug As/day in urine (3% inorganic arsenic, 4%
MAA, 24% DMAA and 69% TMA) and 0.35:0.1 ug As/day in
feces (34% inorganic arsenic, 6% MAA, 3% DMAA and 57%
TMA). The excretion of total arsenic in urine during
the 120 hr following the single oral and
intraperitoneal doses of MAA amounted to 33.6% and
82.7%, respectively. The 120 hr fecal excretion of
total arsenic following the oral and intraperitoneal
administration of 50 mg/kg of MAA amounted to 60.9% and
1.0% of the respective dose., The literature indicates
that when humans (Buchet et al. 1981) received a single
oral dose of MAA, urinary arsenic excretion accounted
for 78.3% of the administered dose during the following
4 days. In sheep and goats, an oral dose of 10 mg/kg of
MAA resulted in excretion of 93.5% and 89% respectively
of the ingested total arsenic (urine + feces) during
the following 5 days (Shariatpanahi and Anderson 1984).

The excretory routes of the oral and intraperitoneal
MAA dose were different. A large portion of the oral
dose was excreted in feces, and most of the
intraperitoneal dose was excreted in urine. Since MAA
administered orally to goats and sheep was mostly
excreted in urine (Shariatpanahi and Anderson 1984), it
may be that the excretory pattern is different in
different species., From the fact that MAA administered
intraperitoneally to hamsters was excreted to a greater
extent in urine than in feces, it was judged that only
an extremely small amount of MAA would be el iminated in
bile. A large portion of the orally and
intraperitoneally administered MAA was excreted in
unchanged from,

The amount of DMAA excreted in urine during the first
120 hr was equivalent to as little as 4.2+x1,8% of the
oral dose and 1.2:0.4% of the intraperitoneal dose.
Less than 0.2% of the oral or intraperitoneal dose of
MAA was excreted as DMAA in feces. Table 3 shows
arsenic excretion in urine and feces during the first
24 hr after the oral administration of a single 5, 50
or 250 mg/kg body weight dose of MAA, The urinary DMAA
excretion rate accounted for 7.5£3.2% of the 5 mg/kg
MAA dose, but for only 0.4% following the
administration of the larger 250 mg/kg dose. This
indicates that the DMAA formation did not increase
directly with the increase in the MAA dose. Less than
1% of the MAA was excreted as DMAA in feces at any of
the three doses.

TMA excreted in urine was to 0.3% of the oral dose and
0.1% of the intraperitoneal dose of MAA at 50 mg/kg
(Table 2). However, the TMA excreted in urine was
1.920.1% of the 5 mg/kg oral dose of MAA (Table 3).
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Table 3 Percent excretion of arsenics in urine and
feces of hamsters 24 hours after a single oral
administration of methylarsonic acid(5,50,250 mg/kg).

Dose Percentage of administered dose
mg/kg InAs MAA DVIAA T™MA
Urine
5 <0.1 28.6 5,2 8.4+3.0 1.9£0.1
50 <0.1 26.9210.3 1.4 <0.1
250 <0.1 33.8+ 4.7 0.4 -
Feces
5 <0.1 50.5+ 8.3 1.120.1 -
50 <0.1 56.0+ 7.4 <0.1 -
250 <0.1 46.0x10.6 <0.1 -
Mean+S.D. for five hamster, -,Not detected

These results indicate that MAA may be converted into
TMA to a small extent in vivo. In any event, it appears
that MAA is less likely to be methylated than DMAA
(Yamauchi and Yamamura 1984a) in vivo.

It was previously been thought that DMAA (Stevens et
al. 1977; Vahter et al. 1984; Yamauchi and Yamamura
1984a) and arsenobetaine ( Vahter et al. 1983; Yamauchi
et al. 1986) were not degraded into inorganic arsenic
in vivo. The amounts of inorganic arsenic excreted in
urine and in feces accounted for as little as 0.2% of
the oral dose and 0.1% of the intraperitoneal dose,
respectively. These amounts did not exceed the
inorganic arsenic content of the administered samplie of
MAA. Therefore it is extremely unlikely that any of the
administered MAA was demethylated in vivo.

It is concluded that MAA, compared to inorganic arsenic
and DMAA, is unlikely to be either methylated or
demethylated in vivo.
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