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A series of our studies clearly indicated that methyl mercury 
(MeHg) and ethyl Hg (EtHg) were dealkylated by reactive oxygen- 
producing systems (Suda et al. 1991,1992; Suda and Hirayama 1992; 
Suda and Takahashi 1992). Phagocytic cells are known to have 
reactive oxygen-producing systems. In vitro, several phagocytic 
cells, such as polymorphonuclear leukocytes (PMN), macrophages, 
mononuclear leukocytes (MNL) and eosinophils, could readily 
degrade EtHg (Suda et al. 1992). PMN having high EtHg degrada- 
tion ab i l i t y  could also degrade MeHg to some extent (Suda et al. 
1992). Therefore, i t  is considered that phagocytic degradation 
is one of alkyl Hg-degradation process in animal body. To eluci-  
date the contribution of phagocytic cells to alkyl Hg degradation 
in vivo, incorporation of substrate (MeHg or EtHg) into phago- 
cytic cells in vivo and int racel lu lar  degradation of them should 
be proved. 

With regard to Hg distr ibut ion in blood after administration of 
MeHg, major attention has been paid to date to the distr ibut ion 
of Hg between erythrocytes and plasma (Norseth and Clarkson 1970; 
Clausing et al. 1984; Yasutake and Hirayama 1986). Yamada et al. 
(1978) studied incorporation of Hg into erythrocytes, plasma and 
leukocytes of rats poisoned with MeHg. However, there was no 
informations about organic and inorganic Hg distr ibut ion in these 
cells and fractionated leukocytes after alkyl Hg administration. 

The present paper reports distr ibut ion of organic and inorganic 
Hg in erythrocytes, PMN, MNL and plasma of MeHg- or EtHg-treated 
rats. Furthermore, we studied the degradation ab i l i t y  of peri to- 
neal PMN incorporated MeHg or EtHg in vitro. 

MATERIALS AND METHODS 

Male Wistar rats (200 • lO g) were used in this study. MeHgCI 
(Merck, Darmstadt, Federal Republic of Germany) or EtHgCl (Tokyo 
Kasei, Tokyo, Japan) was dissolved in 0.9% saline (pH 7.0) con- 
taining cysteine at a concentration of l mg Hg/ml (molar rat io of 
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Figure I .  Separation of plasma, erythrocytes, PMN and MNL from 
rat whole blood. Details of procedure are given in the text. 

cysteine/alkyl Hg=2.5), and administered orally at a dose of lO 
mg Hg/kg, unless otherwise stated. Blood was collected in hepa- 
rin-coated syringes from the heart of six rats 24 h after oral 
administration of alkyl Hg. The erythrocyte count [with O.Ol M 
phosphate-buffered 0.15 M saline, pH 7.4 (PBS)], total leukocyte 
count (with TUrk solution), leukocyte differential (with Giemsa 
strain) and hematocrit (with a micromethod) were determined. 

Plasma, erythrocytes, PMN and MNL were separated from whole blood 
as shown in Fig. I. An aliquot of the whole blood was centri- 
fuged at 1400 g for 20 min at 4~ After the separation of 
plasma, leukocytes were removed by washing four times with PBS 
and residue was collected as erythrocyte fraction. The remainder 
of whole blood was mixed with an equal volume of 6% dextran T-500 
(Pharmacia Fine Chemicals, Uppsala, Sweden) in PBS and allowed to 
keep at room temperature for 30 min (Dallegri et al. 1983). 
Then, separation of PMN and MNL from leukocyte-rich plasma was 
performed by a modification of the Ficoll discontinuous centrifu- 
gation method as described by English and Andersen (1974). Light 
(d=I.077 g/ml) and heavy separating fluid (d=l.105 g/ml) were 
prepared by mixing a commercial lymphocyte separation medium 
(Boehringer Manheim GmbH, Federal Republic of Germany), Ficoll 
(Pharmacia Fine Chemical, Uppsala, Sweden) and sodium metrizoate 
(Daiichi Pure Chemical, Tokyo, Japan). Slight contamination with 
erythrocytes were removed by hypotonic lysis in 1 ml of I% bovine 
serum albumin (Sigma Chemical, St Louis, MO, U.S.A.) for 30 sec 
at 4~ This albumin addition was done to avoid redistribution 
of Hg released from the hemolyzed erythrocytes to the leukocytes. 
After restore of isotonicity, each fraction was washed three 
times with PBS and resuspended in the same medium. These prepa- 
rations of whole blood, plasma, erythrocytes, PMN and MNL were 
subjected to Hg analysis. 

For preparation of peritoneal PMN, 24 h after po (or iv) adminis- 
tration of MeHg or EtHg rats were injected ip with 20 m] of 0.2% 
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glycogen (Tokyo Kasei, Tokyo, Japan) in 0.9% saline, and after 5 
h PMN were collected by peritoneal lavage. The PMN were washed 
with PBS, and subjected to Hg analysis. Alkyl Hg-degrading 
ab i l i t y  of these PMN samples was also studied as described 
previously (Suda et al. 1992). 

Total Hg was measured by flameless atomic absorption spectrometry 
in combination with gold amalgamation after acid hydrolysis (Suda 
and Takahashi 1986). Inorganic Hg was determined by a modifi- 
cation (Suda et al. 1990, 1991) of the method as or ig ina l ly  
described by Konishi and Takahashi (1983). The amount of organic 
Hg was calculated by subtracting the amount of inorganic Hg from 
the amount of total Hg. 

RESULTS AND DISCUSSION 

We have recently reported that several phagocytic cel ls, such as 
PMN, macrophages, MNL and eosinophils, can degrade alkyl Hg, but 
erythrocytes can not do so (Suda et al. 1992). To elucidate the 
contribution of phagocytic cells to in vivo degradation of alkyl 
Hg, the incorporation of the substrate (MeHg and EtHg) into the 
cells should be proved f i r s t .  PMN and MNL in blood contained a 
considerable amount of MeHg or EtHg, though i ts concentration was 
about I/4 to I/ lO of that in erythrocytes (Table I ) .  When PMN 
were collected in peritoneal cavity by glycogen ip injection, the 
peritoneal PMN contained also MeHg or EtHg (Fig. 2). These 
results indicated that MeHg and EtHg were taken up into PMN and 
MNL, which was necessary to prove in t racel lu lar  degradation of 
them. 

Interestingly, an appreciable amount of inorganic Hg was found in 
PMN and MNL (Table l ) .  The ratios of inorganic Hg/total Hg in 
PMN and MNL were higher than that in erythrocytes. The inorganic 
Hg concentration per cel ls was highest in PMN. Inorganic Hg in 
these cel ls may be the inorganic Hg which is biotransformed by 
other sites and then transported (Suda and Takahashi 1986, 1990; 
Suda and Hirayama 1992). Alternatively, there is a poss ib i l i ty  
that phagocytic cel ls themselves in t race l lu lar ly  degrade alkyl 
Hg. To obtain an evidence to support the la t ter  possib i l i ty ,  we 
studied alkyl Hg-degrading ab i l i t y  of PMN. PMN were used as a 
representative phagocytic cel ls,  because PMN have a high degrada- 
tion ab i l i t y  of MeHg and EtHg as compared to MNL (Suda et al. 
1992), and i t  is easy to col lect them in peritoneal cavity from 
blood at a condensed condition. Phorbol myristate acetate (PMA) 
was used as a PMN-activating agent to produce inorganic Hg from 
alkyl Hg (Suda et al. 1992). When the peritoneal PMN incorpo- 
rated MeHg or EtHg were incubated in Eagle-MEM medium with or 
without PMA, inorganic Hg production increased time-dependently, 
especially in the PMA-stimulated cells (Fig. 3). This finding 
indicates that PMN (probably also MNL) can in t race l lu la r ly  
degrade MeHg and EtHg. 

Furthermore, present data showed that peritoneal PMN degraded 
EtHg much faster than MeHg (Fig. 3). This observation is in a 
contrast to the findings in the studies using MeHg- and EtHg- 
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Figure 2. Organic and inorganic Hg found in peritoneal PMN 
collected from rats administered MeHg or EtHg. Glycogen-elicited 
rat peripheral PMN were collected 24 h after administration of 
MeHg or EtHg (lO mg Hg/kg, po or iv). The PMN were washed with 
PBS before Hg analyses. Results are expressed as means • SD 
(standard deviation) of 4-5 experiments. 

treated animals. Magos et al. (1985) reported that EtHg broke 
down faster than MeHg did in the rat body. We also confirmed the 
faster biotransformation of organic mercury in EtHg-treated rats 
as compared to MeHg-treated rats. Our data showed that the 
ratios of inorganic Hg/total Hg in kidneys (means • SD) was 3.9 • 
1.2% (n=6) in MeHg-treated rats and 19.7 • 4.2% (n=6) in EtHg- 
treated rats under the same conditions as shown in Table I. 
Higher ratios of inorganic Hg/total Hg were also observed in 
erythrocytes, plasma, PMN and MNL collected from blood (Table I), 
and peritoneal PMN (Fig. 2) in EtHg-treated rats. Such similar 
MeHg- and EtHg-degradation abi l i ty  in PMN and rat body supported 
our hypothesis that PMN was one of contributors to biotransforma- 
tion of alkyl Hg in animal body. 

In conclusion, we found in the present study three evidences for 
the contribution of phagocytic cells to in vivo alkyl Hg 
degradation; f i rs t l y ,  PMN and MNL in blood incorporated a 
considerable amount of the substrate (MeHg or EtHg) essential for 
intracel lular degradation; secondary, PMN could degrade their 
intracel lular organic Hg to inorganic Hg; thirdly, PMN can 
readily degrade EtHg as compared to MeHg, and similar event was 
also found in the kidneys of MeHg- and EtHg-treated rats. We 
have already clearly demonstrated that rat l iver microsomes can 
also degrade these mercurials in vitro (Suda and Hirayama, 1992). 
From these results, i t  is reasonable to conclude that phagocytic 
and microsomal degradation are alkyl Hg-degradation processes in 
the animal body. 

398 



4 |  I PMN from MeHg-treated rats 
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Figure 3. Inorganic Hg production from rat peripheral PMN 
incorporated MeHg and EtHg. Glycogen-elicited rat PMN were 
collected 24 h after po administration of MeHg or EtHg (I0 mg 
Hg/kg). Washed cells (I .6 x I07 cells/dish) were cultured at 37~ 
under 95% air-5% C02 in 4 ml of Eagle-MEM medium with or without 
lO ng/ml phorbol myristate acetate (PMA). The amount of inorganic 
Hg produced from PMN was calculated by subtracting the amounts of 
inorganic Hg found in the PMN before culture from that after 
culture. In this single representative experiment, Hg concen- 
tration found in PMN (ng Hg/l.6 x 107 cells) before culture was 
as follows; PMN collected from MeHg-treated rats (organic 
Hg=68.6, inorganic Hg=l.4), PMN collected from EtHg-treated PMN 
(organic Hg=40.7, inorganic Hg=3.0). Open circles, control 
cells; solid circles, PMA-stimulated cells. 
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