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There are reports of total arsenic levels in the normal tissue of the Japanese (KADO-
WAKI 1960; YUKAWA et al. 1980), of the English (LIEBSCHER and SMITH 1968)
and of the Italian (GERIN and ZORZI 1961). Man is ingesting a considerable amount
of arsenic from the daily diet (NAKAO 1960; SCHROEDER and BALASSA 1966;
ISHIZAKI 1979). We investigated into the chemical species of arsenic occurring in
the normal foods the Japanese eat, and found that 5 chemical species of arsenic, i.e.,
arsenite (As(III)), arsenate (As(V)), methylarsonic acid (MAA), dimethylarsinic acid
(DMAA) and trimethylarsenic compound (TMA) occurred in 59 kinds of foods we
assayed, and that the ratios of TMA, DMAA and As(V) contents were high (YAMA-
UCHI and YAMAMURA 1980).

The chemical species of arsenic occurring in foods have mostly been got hold of,
while those of arsenic retained in the tissue are still unknown. The chemical species
of arsenic only in the urine, blood and hair have heretofore been determined (BRA-
MAN and FOREBACK 1973; CRECELIUS 1977, YAMAMURA and YAMAUCHI
1980).

This paper describes the chemical species and levels of arsenic deposited in the
tissues and organs of autopsied cadavers.

MATERIALS AND METHODS

The tissues and organs (the adrenal gland, aorta, cerebellum, cerebrum, kidney, liver,
lung, muscle, pancreas, skin and spleen) from the autopsied cadavers of human
patients (13 men and 10 women at the age of 36~79) who had died of cerebral
bleeding, pneumonia and cancer at the St. Marianna University Medical Center,
Kawasaki, Japan were assayed for chemical species of arsenic. None of them had a
premortal history of exposure to high concentrations of arsenic due to occupational
or environmental contamination in particular. All tissues and organs assayed were
those which appeared macroscopically normal. All specimens had been preserved
frozen at -20°C before assayed. For the assay for arsenic, 0.5~1.0 g of each tissue or
organ was used. The specimen was transferred into a 50-ml glass-stoppered test tube,
and after the addition of 2N NaOH, it was heated in a hot water bath for 3 hr for
use as the assay sample. To each sample were added 10% oxalate solution and 10%
phthalate sofution as buffers. The arsenic contained in the mixture was reduced into
arsines with 2 ml of 10% NaBH, in 0.2 N NaOH solution, and the arsines were then
fixed with liquid nitrogen. From the fixed arsines were separated the component
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arsines, which were determined by arsine-generator flameless atomic absorption
spectrophotometry (BRAMAN et al. 1977; YAMAUCHI and YAMAMURA 1979a).

RESULTS

Comparison of total arsenic levels in the assayed tissues and organs showed that the
highest mean total arsenic level of 551 ng of As per g occurred in the aorta (pulmo-
nary artery) tissue, followed by the levels in the adrenal gland > pancreas > skin >
cerebellum > liver > kidney > muscle > lung > spleen > cerebrum in decreasing
sequence of significance (Table 1). Four chemical species of arsenic, i.e., As(III),
As(V), MAA and DMAA, were found in the tissues and organs. There was no statisti-
cally significant sexual difference in the arsenic level between the 11 kinds of tissues
and organs assayed. The As(III) level in the livers from the men tended to be slightly
higher than that in the liver from the women, but when the difference was analyzed
by SMIRNOYV test and THOMPSON test, it was of no statistical significance. Qut of
the 4 chemical species of arsenic detected in the tissues and organs, As(III) and
As(V) was detected in all tissues and organs, the former accounting for 20.4 + 3.7%
and the latter, for 72.0 £ 7.9% of total arsenic: in other words, As(V) was the most
predominant of the 4 chemical species of arsenic detected. A trace of MAA was
found only in the liver and kidney. MAA accounted for 3% of total arsenic in the
liver and 4.6% in the kidney. DMAA was detected in 100% of the samples of adrenal
gland, lung, pancreas and aorta, but in 85% of the samples of liver, kidney, spleen,
muscle and skin on an average. In all the tissues and organs where DMAA was
detected, DMAA accounted for only 10.3 + 6.4% of total arsenic. Especially, in the
skin and aorta, DMAA accounted no more than 2~3% of total arsenic.

In other words, arsenic deposited in human tissues and organs in 4 chemical species,
i.e., As(IIl), As(V), MAA and DMAA, and out of these species, As(V) accounted for
the greatest part, followed by As(IlI), DMAA and MAA in decreasing sequence of
significance.

DISCUSSION

There are reports by KADOWAKI (1960), SUMINO et al. (1975) and YUKAWA et
al. (1980) of total arsenic levels in the tissues of the Japanese. Our recent findings
are mostly consistent with the findings by YUKAWA et al. (1980), but 2~5 times as
high as the levels reported by KADOWAKI (1960). This difference presumably has
resulted from the difference in assay technology rather than chronological changes
in arsenic levels in the tissues.

It is known that man ingests from the daily diet 5 chemical species of arsenic, i.e.,
As(IID), As(V), MAA, DMAA and TMA—among others, TMA, DMAA and As(V) at
especially high levels (YAMAUCHI and YAMAMURA 1980). On the other hand,
inorganic As(V) was the main chemical species of arsenic detected in the tissues and
organs from autopsied cadavers, followed by inorganic As(IIl). No TMA was detect-
ed in human tissues and organs, and only traces of DMAA and MAA were detected.
From these findings, we surmised that the methylated arsenic ingested together
with foods such as TMA, DMAA or MAA was the species of arsenic which is rapidly
excreted and very little retained in the body. It has been shown that inorganic
arsenic such as As(III) or As(V), when ingested, is mostly converted into MAA and
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DMAA in vivo before it is excreted into the urine (CRECELIUS 1977; YAMAUCHI
and YAMAMURA 1979a,b; TAM et al. 1979). It is not true to say, however, that
the ingested inorganic arsenic is entirely methylated in vivo. A part of the inorganic

Table 1. Levels and chemical species of arsenic in the normal tissues
and organs of the Japanese

Levels of arsenic (ng of As per g wet weight)

Tissue & Num-
organ Sex ber
As (IID) As(V) MAA DMAA Total
%* %*
§ 8 117 611 335 + 823 ND 17.1¢ 6.5 100 469 +131
Aorta 9 8 131 743 486 *411  ND 15.8+ 4.4 100 633 *480
Total 16 124 661 411 297 164+ 54 100 551 350
Adcenal ¢ 10 335%115 134 135  ND 262+100 100 194 *140
lar 1 9 9 599%+573 390 *433  ND 254+20.1 100 475 *479
glan Total 19 460%413 255 #331 258+152 100 327 +364
& 15 287+139 995+ 602 ND ND 128 719
Cerebellum @ 15 318+ 99 107 * 337 ND ND 138 £ 415
Total 30 300%122 102 * 500 132 * 602
3 15 208107  56.1% 387 ND ND 773 490
Cerebrum 9 15 17.0t119 598t 304 ND ND 753% 39.1
Total 30 19.0%11.3  57.8% 34.5 763 439
d 14 312+155 882+ 748 3827 71 272123 71 142 * 89.1
Kidney Q 10 219t 75 456t 110 34%27 80282t 92 80 948t 214
Total 24 273%134  704% 60.6 3.6%26 76 276107 76 129 + 723
& 12 309180  99.5t 380 68468 75 134t 38 67 145 * 454
Liver Q@ 11 179t 53 823+ 243 46%62 55 147t 76 73 112 * 243
Total 23 247%148  913% 327 5965 65 140+ 57 70 129 * 397
¢ 12 17.1* 70 742+ 201 ND 6.7+ 3.8 100 98.0 26.1
Lung ? 10 174t92 870t 323 ND 89% 59 100 113 * 329
Total 22 172+ 78  79.7% 26.1 76% 48 100 104 * 295
& 12 245%111  655% 340 ND 202t 87 92 109 * 427
Muscle 2 10 245t 60 614t 133 ND 177+ 90 100 104 * 182
Total 22 24.5% 88  63.6% 257 189+ 87 96 106 * 327
d 10 353180 107 * 640 ND 137% 9.4 100 156 * 820
Pancreas 9 8 2504106 111 +496 ND 160+ 6.6 100 152 * 604
Total 18  307%156 109 % 56.5 147% 8.1 100 154 * 714
& 11 196t73 111 +454 ND 45+ 50 91 134 £ 519
Skin Q@ 11 276%177 141 *113  ND 29t 4.1 91 172 129
Total 22 236%139 126 * 85.5 37+ 45 91 153 977
3 10 246%158 663t 415 ND 118+ 7.8 90 101 * 587
Spleen Q 10 24590 67.4% 345 ND 137+ 38 70 101 * 412
Total 20 24.5%125  669% 372 126% 62 80 101 + 494

Values denote the mean + SD. As(III) and As(V) was detected in all tissues. ND: Not detected (the
lower detectable limit: 1.0 ng of As per g wet weight). * Ratio of tissue/organ samples where MAA
or DMAA was detected.
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arsenic excreted in the urine or retained in the body without any change in its chem-
ical species (YAMAUCHI et al. 1980). From the results of this study, inorganic
arsenic seems to be more affinitive for tissues and organs than methylated arsenic.
There was no statistically significant difference in the chemical species of arsenic in
the tissues and organs between humans who had suddenly died (of cerebral bleeding)
and those who had died of chronic diseases such as cancer and pneumonia. These
findings lead to a speculation that the chemical species of arsenic in the tissues
and organs do not change greatly with the premortal nourishing condition.
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