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We have determined the concentration and chemical composition of arsenic in the blood 
of pregnant hamsters between 0.2 and 6 hr after an intraperitoneal injection of a teratogenic 
dose of radiolabeled sodium arsenate on the morning of the eighth day of gestation. Arsenic 
was present in plasma and red cells 0.20 hr postinjection. The plasma arsenic concentration 
reached a maximum of 220 ~mole/kg blood near 0.5 hr postinjection. Plasma arsenic existed 
entirely as low-molecular-weight species. Both arsenite and dimethylarsinate (DMA) were 
present in plasma 0.20 hr postinjection, indicating that arsenate reduction and methylation 
of arsenic are rapidly initiated. However, the arsenite contribution remained small while 
the DMA contribution increased with time. Red cell arsenic included macromolecular ar- 
senic (ASP) as well as three low-molecular-weight forms. The contribution of DMA re- 
mained small, but arsenite and AsP contributions increased with time. These findings iden- 
tify the maternal blood concentration and chemical status of arsenic following the adminis- 
tration of a teratogenic dose of arsenate during the period of organogenesis. They could 
prove useful for predicting the likelihood of a teratogenic outcome in other mammalian 
species. © 1986 Academic Press, Inc. 

INTRODUCTION 
Arsenic is a potent teratogen for mammalian species. In the hamster, acute 

(Ferm and Carpenter, 1968) or chronic (Ferm and Hanlon, 1986) administration of 
arsenic in the form of arsenate produces the same spectrum of fetal abnormali- 
ties, predominately neural tube defects. These findings strongly infer that both 
protocols produce the requisite concentration and chemical status of arsenic at 
vulnerable sites within the maternoembryonic unit of the hamster during organo- 
genesis. The location of these sites has not been identified, although the placenta 
and early embryo are likely candidates (Hanlon and Ferm, 1977; Morrissey and 
Mottet, 1983; Lindgren et al., 1984). Since the maternal circulatory system is the 
agent of delivery the chemical status of arsenic in maternal plasma and red cells 
should dictate the concentration and chemical composition of arsenic at the crit- 
ical sites during the period of sensitivity, Day 8 in the hamster (Ferm, 1965). 

In this report we offer our findings of the concentration, availability, and chem- 
ical composition of arsenic in the plasma and the red cells of hamster dams fol- 
lowing the intraperitoneal injection of a single teratogenic dose of arsenate on the 
morning of the eighth day of gestation. The information obtained identifies condi- 
tions in the blood chemistry of arsenic associated with the production of fetal 
abnormalities in the hamster following acute dosing with arsenate. These findings 

380 
0013-9351/86 $3.00 
Copyright © 1986 by Academic Press, Inc. 
All rights of reproduction in any form reserved. 



BLOOD ARSENIC DURING P R E G N A N C Y - - A C U T E  EXPOSURE 381 

may prove valuable for predicting the teratogenic threat to humans of acute ex- 
posure to arsenic during early pregnancy. 

MATERIALS AND METHODS 

l. Reagents 

All reagents used were of analytical grade. Disodium arsenate was radiolabeled 
with carrier-free arsenic-74 obtained from Amersham. A significant portion of 
this material is actually acid in newly obtained material. However, dilution with 
nonradiolabeled arsenate quickly converts the trivalent arsenic to its pentavalent 
form. A determination of the oxidation state was made on arsenate solutions im- 
mediately prior to injection using the ion-exchange analysis described below. All 
arsenic-74 was present as arsenate. 

Dowex 2 x 8 (100 mesh) was purchased in the chloride ion form and Bio-Rad 
AG-50 x 8 (100 mesh) in the sodium ion form. Both resins were treated according 
to recommended procedures prior to use. 

2. Dosing and Sampling Protocols 

Pregnant Syrian hamsters (LAK:LVG) were given an acute (bolus) intraperi- 
toneal injection of radiolabeled sodium arsenate (64.2 ixmole/kg dam) at 8:00 AM 
on the eighth day of gestation. The volume of the injected solution was standard- 
ized at 0.5 ml per 100 g of maternal body wt. Individuals were sacrificed at spe- 
cific times, from 0.20 to 6 hr postinjection. 

Maternal blood was separated into plasma and red cell fractions by centrifuga- 
tion at 1800g. Total arsenic concentrations were obtained by radioassay as pre- 
viously described (Hanlon and Ferm, 1986). 

3. Availability of  Arsenic in Maternal Blood 

Plasma and red cells were obtained as described above. Treatment of plasma 
and red cell samples, gel filtration, and dialysis experiments were performed fol- 
lowing methods detailed in a previous report (Hanlon and Ferm, 1986). An eth- 
anol precipitation method was also used to determine the availability of arsenic in 
red cells. This method is described below (Sect. 4). 

4. Quantitative Analysis of  Arsenic Metabolites 

Identification and quantitation of arsenate and its metabolites were achieved 
using ion-exchange chromotography. Somewhat different methods were utilized 
for plasma and red cell sap samples. 

For plasma samples, which were found to contain only nonprotein bound ar- 
senic (see Results), arsenate was separated from other arsenic forms by chroma- 
tography on Dowex 2 × 8 (100 mesh). Assays were made on 1 to 3 ml of plasma 
or concentrated red cell sap dialysate. Isolab Practi-columns (250 x 8 mm, i.d.) 
were filled with 10 cm 3 of resin (C1 form) suspended in 10 mM Tris (C1), pH 8.0. 
Fifteen milliliters of 10 mM Tris (C1), pH 8.0, was run through the column and 
collected as 3-ml fractions. The resin was expelled from the column into glass 
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sample tubes by light positive pressure and assayed for radioactivity along with 
the Tris buffer-eluting fractions. Under these conditions arsenate remains tightly 
bound to the Dowex-2 resin while arsenite and methylated forms of arsenic 
emerge in the Tris buffer-eluting fractions. Arsenate can be removed from 
Dowex-2 elution with 4 M HCl, but radioassay of the resin itself proved simpler. 
There was no decrease in detectable arsenic-74 counts due to absorption by the 
resin matrix. Separation of arsenite and the methylated arsenic species was 
achieved using a modification of the AG-50 method of Tam et al. (1978) described 
previously (Hanlon and Ferm, 1986). 

Arsenic metabolites recovered in the concentrated dialysate samples were re- 
solved as inorganic arsenic (Asi) and the methylated species using the AG-50 
method. Separation of the two inorganic species, arsenate and arsenite, on 
Dowex-2 was obviated by the high salt concentration in the concentrated dialy- 
sates. 

Red cell arsenic tightly bound to protein (ASP) and available low-molecular- 
weight metabolites of arsenic were separated and the arsenic species character- 
ized as follows. Red cells were lysed, centrifuged, and diluted with Tris buffer as 
described above (Sect. 3). Sample volumes were adjusted to 15 ml with Tris 
buffer and transferred to 25 ml-screwcapped vials. Six cubic centimeters of dry 
Dowex-2 resin was added to the vial contents and the mixture shaken for 6 hr at 
room temperature using a Thomas rotating apparatus set at a speed of 7.5. Liquid 
resin were separated by pipet. The resin was washed twice with 5 ml of Tris 
buffer. Washings were combined with the liquid fraction. Resin and liquid were 
radioassayed as described above. Counts bound to the resin represent the ar- 
senate content. The liquid, containing arsenite, methylated arsenic, and arsenic 
tightly bound to protein, was acidified to near pH 4.0 by adding 0.05 vol of 1 M 
NaH2PO 4. A volume of ethanol equal to the liquid volume was added slowly with 
stirring and the mixture allowed to stand at room temperature for 15 min. Precipi- 
tated material and supernatant were separated by centrifugation at 1800g for 5 
rain. The precipitate was washed with 5 ml of 50% aqueous ethanol containing 
0.05 M NaH2PO 4 and recentrifuged. The wash was combined with the ethanol 
supernatant. Supernatant, containing arsenite and methylated arsenic, and pre- 
cipitate, containing arsenic tightly bound to protein, were radioassayed as above. 
The volume of supernatant was reduced to 3 ml under reduced pressure using a 
rotary evaporator. Slight heat was applied to the concentration flask to enhance 
the rate of evaporation. Arsenite and methylated arsenic species in the concen- 
trated supernatant were separated and quantified by chromotography on AG-50 
resin. 

RESULTS 
1. Arsenic Concentrations in Whole Blood, Plasma, and Red Cells 

Table 1 shows arsenic concentrations in whole blood, plasma, and red cells for 
samples collected at different times postinjection. Arsenic, injected intraperi- 
toneally as arsenate, was present in the maternal blood 12 min (0.20 hr) postadmin- 
istration. Its concentration increased to a maximum near 0.5 hr, then fell rapidly 
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TABLE 1 
THE CONCENTRATION OF ARSENIC IN MATERNAL WHOLE BLOOD, PLASMA, AND RED CELLS AT 

DIFFERENT TIMES FOLLOWING A SINGLE INTRAPERITONEAL INJECTION OF ARSENATE 8 AM ON THE 
EIGHTH DAY OF GESTATION 

fxmole arsenic/kg 

Time postinjection No. of Whole Red 
(hr) samples blood Plasma cells 

0.20 1 42.9 66.4 14.3 
0.25 4 73.4 -+ 4.2 105 -+ 7 34.3 -+ 1.5 
0.50 1 218 315 100 
0.53 1 222 358 99.8 
0.63 1 149 212 72.1 
1.0 4 38.4 -+ 1.1 46.2 q- li1 29.6 --+ 2.0 
2.0 4 21.9 --+ 0.9 17.7 --+ 1.2 24.2 --+ 2.6 
3.0 3 11.0 --+ 2.7 10.2 --+ 2.0 11.9 --+ 3.7 
4.0 4 9.22 --+ 1.31 7.23 --+ 1.98 11.5 -- 1.68 
5.0 3 6.01 + 0.61 5.69 --+ 0.66 6.45 --+ 0.75 
6.0 3 6.65 --+ 1.68 5.88 --+ 2.24 7.56 --+ 1.19 

Note. The dose level was 64.2 ixmole/kg dam. Values represent mean _+ standard errors. 

t o  1.0 h r  p o s t i n j e c t i o n .  T h e r e a f t e r  t h e  r a t e  o f  d e c r e a s e  w a s  s u b s t a n t i a l l y  r e d u c e d  

(F ig .  1). 

T h e  p a t t e r n  o f  r i s e  a n d  fal l  f o r  w h o l e  b l o o d  w a s  s h a r e d  b y  p l a s m a  a n d  r e d  ce l l s .  

B o t h  b l o o d  c o m p a r t m e n t s  c o n t a i n e d  a r s e n i c  0 .20  h r  p o s t i n j e c t i o n  a n d  m a n i f e s t e d  

a n  a r s e n i c  c o n c e n t r a t i o n  p e a k  n e a r  0 .5  h r  p o s t i n j e c t i o n .  H o w e v e r ,  t h e  p l a s m a  

23° F 

"~ 100 
m 

0 I 2 3 4 5 6 
Hr POST INJECTION 

FIG. I. Arsenic concentrations in the maternal blood of hamster dams at different times following a 
single teratogenic injection of arsenate (64.2 ixmol/kg dam) on the eighth day of gestation. Data points 
represent individual values used to construct Table 1. A "best-fit" line has been superimposed on the 
data points. 
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arsenic concentration was 4.6 x that of red cells at 0.20 hr postinjection and 3.2 x 
that of red cells at 0.5 hr postinjection. Three hours after injection, plasma and 
red cell arsenic concentrations were nearly identical and remained so to 6 hr 
postinjection. 

2. The Availability o f  Arsenic in the Plasma and Red Cell Compartments o f  
Maternal Blood. 

Plasma arsenic. Radiolabeled arsenic eluted as a single peak at 1.0 included 
volumes when samples were chromotographed on Sephadex G-25. A few plasma 
samples were examined by means of dialysis and ethanol precipitation methods. 
Plasma samples collected 1 and 6 hr postinjection had the same t~ value (1.0 hr) 
on dialysis. No plasma arsenic remained undialyzed. All of the arsenic counts 
were found in the ethanol supernatant fractions of samples collected 1 and 6 hr 
postinjection. 

Red cell arsenic. Radioassay of fractured red cell membranes showed no ar- 
senic. Red cell arsenic was associated entirely with the soluble fraction. Gel fil- 
tration chromotography of red cell sap using Sephadex G-25 showed a poorly 
resolved arsenic peak near 1.0 vol that was skewed toward the excluded volume 
in samples collected 1, 3, 4, and 6 hr postinjection. 

Dialysis runs were made in triplicate on red cell sap samples from animals 
sacrificed 1, 3, 4, and 6 hr postinjection. The data presented in Table 2 reveal a 
time-dependent increase in the amount of red cell sap arsenic which is tightly 
bound to macromolecules. A measure of the rate of dialysis was obtained by 
determining t~, defined as the time required to remove one-half of the dialyzable 
arsenic. The tv2 for 1-hr samples averaged 1 hr. The tv2 values for 3- and 6-hr 
samples ranged from 1.5 to 2.0 hr. 

Data from the ethanol precipitation method also appear in Table 2. Some ar- 
senic tightly bound to protein (ASP) was present in the samples collected at 0.25 

TABLE 2 
THE ARSENIC METABOL1TES IN MATERNAL PLASMA AT DIFFERENT TIMES FOLLOWING A SINGLE 

INTRAPERITONEAL INJECTION OF ARSENATE 8 AM ON THE EIGHTH DAY OF GESTATION 

Percentage of 
Total arsenic total arsenic concentration 

Time postinjection No. of concentration 
(hr) samples (txmoles/kg) As(V) As(III) DMA 

0.20 1 66.4 98 0 2 
0.25 4 105 _+ 7 99 -+ 1 0 1 -+ 1 
0.50 1 315 100 0 0 
0.53 1 358 100 0 0 
0.63 1 212 99.1 0.4 0.5 
1.0 4 46.2 ± 1.1 93 -- 2 2 5 ± 2 
2.0 2 17.7 ± 1.2 84 0 16 
3.0 3 10.2 ± 2.0 73 ± 3 2 -+ 1 28 ± 2 
4.0 4 7.23 ± 1.98 57 ± 7 8 ± 6 35 ± 10 
5.0 3 5.69 ± 0.66 36 ± 7 15 +- 4 53 ± 7 
6.0 3 5.88 -- 2.24 44 _+ 7 7 -+ 4 49 ± 5 

Note. The dose level was 64.2 txmole/kg dam. Values represent mean ± standard deviation. 
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FIG. 2. The chemical composition of arsenic in plasma and red cell sap at different times following a 
single teratogenic injection of arsenate (64.2 p, mole/kg dam) on the eighth day of gestation. The left 
hand member of each bar group represents findings for plasma, the right hand member represents data 
for red cell sap. Inorganic arsenic (Asi) represents arsenate and arsenite combined. 

hr postinjection. As with the dialysis findings, the ethanol precipitation method 
showed that AsP contributed increasingly to the total arsenic concentration in red 
cell sap as the time postinjection increased. However, values for AsP were con- 
sistently higher in the ethanol precipitation method. 

3. Arsenic Metabolites in Plasma and Red Cell Sap 

Three low-molecular-weight species of arsenic were found in maternal blood 
plasma and red cell sap following an acute injection of arsenate at 64.2 txmole/kg 
dam. Inorganic arsenic (Asi) was represented by arsenate and arsenite. Organic 
arsenic was represented by dimethylarsinate (DMA). The same low-molecular- 
weight species of arsenic were found in red cell sap along with arsenic tightly 
bound to macromolecules. The contributions of the four forms of arsenic to the 
total concentrations in plasma and red cell sap are presented in Table 2 and in Fig. 
2 for the interval from 1 to 6 hr postinjection. 

DISCUSSION 

1. Arsenic Concentration in Maternal Blood 

A single intraperitoneal injection of a teratogenic dose of arsenate achieves a 
rapid uptake of arsenic by the maternal blood circulatory system (see Table I, 
Fig. 1). The maximum arsenic concentration of 220 ~mole/kg, obtained near 0.5 
hr postinjection, accounts for 14% of the dose administered (assuming that the 
maternal blood contributes 6% of the total weight of the hamster). By 5 hr postin- 
jection the maternal blood arsenic concentration decreased by 37 x to 6 txmole/ 
kg. The slow rate of decline in blood arsenic concentration observed for the 1- to 
6-hr interval apparently continues throughout the first day postinjection. Twenty- 
four hours after an intravenous injection of the same dose of arsenate given in the 
present study the maternal blood concentration of arsenic was 3.5 ixmole/kg in 
hamsters dosed on the eighth day of gestation (Hanlon and Ferm, 1977). 
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The pattern of blood clearance seen here in hamsters has also been reported for 
mice (Vahter, 1981) and humans (Bertolero et al., 1981) following acute adminis- 
trations of arsenate at much lower dose levels. This pattern is consistent with the 
existence of a biphasic kinetic mode of arsenic excretion. Indeed, acutely admin- 
istered arsenic is rapidly excreted from several mammalian species, but at rates 
too slow to account for the kinetics of arsenic loss from maternal blood (Pomeroy 
et al., 1980). More likely, rapid uptake of arsenic by various tissues accounts for 
the pattern of loss of blood arsenic following acute administration of arsenate. 
Vahter (1983) cites several studies on rabbits and mice which have shown that 
single doses of inorganic arsenic produce arsenic concentrations above that of the 
blood in liver, the kidney, and other tissues. We also found that arsenic was rap- 
idly taken up by the hamster liver, kidney, and placenta and that the pattern of 
rise and fall in the total arsenic concentration in these tissues was quantitatively 
similar to that of maternal blood (D. R Hanlon and V. H. Ferm, unpublished 
data). 

Arsenic, administered intraperitoneally as arsenate, was found in plasma and 
red cells at all sampling times postinjection (see Table 1). However, the rise and 
fall of red cell arsenic concentrations lagged behind those of the plasma and at no 
time during the first hr postinjection exceeded it. At 2 hr postinjection the average 
red cell concentration of arsenic was greater than that of plasma and remained so 
to 6 hr postinjection, although not at the level of statistical significance. Vahter 
and Norin (1980) also found the red cell/plasma ratio near 1.0 for the interval of 2 
to 24 hr postdosing in mice receiving an oral dose of 12.8 ixmole arsenate/kg body 
wt. Apparently, the hamster red cell membrane, while permeable to arsenic, pro- 
vides a degree of resistance to arsenic transport. 

2. The Availability o f  Arsenic in Maternal Plasma and Red Cells 

Gel filtration of plasma revealed no protein bound arsenic in samples collected 
to 6 hr postinjection. The possibility of some weak electrostatic interactions be- 
tween low-molecular-weight arsenic species and plasma proteins prior to dilution 
with buffer cannot be discounted, but, in any case, would not contribute impor- 
tantly to the chemistry of plasma arsenic. Exhaustive dialysis or ethanol precipi- 
tation of plasma samples showed no arsenic tightly bound to protein. 

All of the red cell arsenic was found in the red cell sap (cytosol). Unlike plasma 
arsenic, a portion of the red cell arsenic was bound to protein at all sample times 
postinjection. Gel filtration, dialysis, and ethanol precipitation studies collec- 
tively demonstrated that some of the arsenic associated with a protein component 
(presumably hemoglobin) is weakly bound and some is very tightly bound. The 
weakly bound component was revealed by the elution profiles in gel filtration 
runs of red cell sap samples collected 1, 3, and 6 hr postinjection. The dialysis 
method is less able to detect weakly bound or rapidly exchanged ligands and 
could not distinguish between tv2 values for red cell sap samples collected at 1 hr 
postinjection and plasma samples, which contained no protein bound arsenic. 
However, ty2 values for 3 and 6 hr red cell sap samples do show a dialyzable, 
protein bound arsenic component. Exhaustive dialysis and the ethanol precipita- 
tion method both revealed arsenic tightly bound to protein in red cell samples. 
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T A B L E  3 

THE ARSENIC METABOLITES IN MATERNAL RED CELL SAP AT DIFFERENT TIMES FOLLOWING A 

SINGLE INTRAPERITONEAL INJECTION OF ARSENATE 8 A M  ON THE EIGHTH DAY OF GESTATION 

Total a r sen ic  

T ime  p o s t i n j e c t i o n  No.  of  c o n c e n t r a t i o n  

(hr) s a m p l e s  ( txmoles/kg)  

P e r c e n t a g e  

to ta l  a r s en i c  c o n c e n t r a t i o n  

As(V)  As( I I I )  Asi  D M A  A s P  

0.25 2 34.3 ± 1.5 92 _+ 3 3 - -  2 6 ± 2 

0.50 1 , 100 90 5 - -  2 3 

0.53 1 99.8 78 8 - -  1 13 

0.63 1 72.1 79 14 - -  2 5 
1.0 2 29.6 -+ 2.0 - -  - -  82 ± 4 6 ± 2 13 ± 3 

2.0 4 24.2 ± 2.6 77 ± 3 8 --.-_ 1 - -  4 _+ 1 12 ± 1 

3.0 1 11.9 ± 3.7 - -  - -  83 4 14 

4.0 1 11.5 _+ 1.7 - -  - -  83 4 13 

5.0 3 6.45 ± 0.75 46 ± 2 12 - -  7 35 ± 2 

6.0 1 7.56 ± 1.19 - -  - -  62 20 18 

Note. The  d o s e  l eve l  was  64.2 ixmole /kg dam.  A s s a y s  for  l o w - m o l e c u l a r - w e i g h t  a r s en i c  and  a r sen ic  

b o u n d  to p ro t e in  at  1, 3, 4, and  6 hr  u s e d  the  d ia lys i s  m e t h o d ,  o t h e r w i s e  the  e thano l  p rec ip i t a t i on  

m e t h o d  was  e m p l o y e d  (see  M a t e r i a l s  and  Methods ) .  Values  r e p r e s e n t  m e a n  _+ s t anda rd  er rors .  

The contribution of AsP to the total concentration of arsenic increases with time 
(Table 2). However, the dialysis method yielded consistently lower values for 
AsR Possibly some protein bound arsenic was released on prolonged dialysis by 
the catalytic action of traces of enzymes or by hemoglobin itself. The origin and 
significance of red cell AsP are discussed below. 

3. Arsenic Metabolites in Maternal Plasma and Red Cells 

Arsenate was the dominant plasma arsenic species prior to 4 hr postinjection 
with only traces of arsenite and DMA present (see Table 2). The decline in the 
contribution of arsenate beyond 3 hr postinjection was compensated by a rise in 
the arsenite contribution, indicating active reduction of arsenate. However, DMA 
was the more dominant metabolized form of arsenate at all sample times. Ob- 
viously dimethylation of arsenic is quickly initiated in the hamster following an 
acute intraperitoneal injection of arsenate. 

Rapid reduction and methylation of arsenate by acutely treated animals have 
been previously reported. Vahter and Envall (1983) reported that the urine of 
mice and rabbits contained arsenite and DMA 2-3 hr after an intravenous injec- 
tion of 128 mole arsenate/ks body wt. Vahter, in a review paper (1983), cites her 
own work and that of others as evidence that methylation in inorganic arsenic is 
dose dependent. For example, 1 hr after injecting mice intravenously with 128 
mole arsenate/ks body wt, plasma arsenic was 32% arsenate, 7% arsenite, and 
60% DMA. When the arsenate dose was increased to 12.8 txmole/kg body wt 
plasma arsenic was 77% arsenate, 7% arsenite, and 15% DMA 1 hr postinjection. 
Our findings support Vahter's point. Hamster plasma arsenic was 93% arsenate, 
2% arsenite, and 5 DMA 1 hr after an intraperitoneal injection of 64.2 ixmole 
arsenate/ks body wt. 

Red cell sap arsenic differs significantly from plasma arsenic (see Table 3). The 
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arsenate contribution is less than that in plasma, arsenite is present prior to 1 hr 
postinjection, and DMA remains the smallest contributor to low-molecular- 
weight arsenic throughout the first 6 hr postinjection. The higher concentrations 
of arsenite and lower concentrations of arsenate in red cell sap samples most 
likely result from more rapid uptake of arsenite by red cells, assuming Vahter's 
(1981) in vitro data apply. The early appearance of arsenite in red cells (15 rain 
postinjection) is particularly significant in light of the equally early appearance of 
arsenic tightly bound to protein. The reactivity of arsenite and its participation in 
nucleophilic displacement reactions (Squibb and Fowler, 1983) makes it likely 
that AsP results from the interaction of arsenite and sulfhydryl groups of hemo- 
globin. The stability of the AsP species is indicated by its increasing contribution 
to total arsenic red cell sap and by relatively little decrease in its absolute contri- 
bution over the 1-6 hr after injection (see Fig. 2). 

The specific form of arsenic that provokes the teratogenic response is not 
known. The low teratogenic potential of DMA when administered acutely to mice 
(Hood, 1972; Willhite, 1981) or chronically to hamsters (V. H. Ferm, unpublished 
data) makes it an unlikely candidate. Arsenate itself could be the teratogenic 
species. But, the chemistry of arsenate appears to restrict it to the role of compet- 
itive inhibitor in phosphate-dependent enzyme systems and as McCabe and co- 
workers (1983) point out, the high phosphate concentration in most mammalian 
cells probably precluded enzyme inhibition by the relatively low arsenate con- 
centrations found in tissues of animals which have received toxic (or teratogenic) 
doses of arsenate. Arsenite, on the other hand, is known to participate in many 
nucleophilic displacement reactions with compounds found in biological systems 
(Squibb and Fowler, 1983). In particular, arsenite could interact with specific en- 
zymes, other proteins, or nucleic acids (Kay, 1965) in differentiating cells to pro- 
duce fetal abnormalities. The findings of Hood and Bishop (1972) that acutely 
administered arsenite at 64 ~mole/kg body wt in mice is as teratogenic as 143 
~mole of arsenate does suggest that arsenite is more nearly related to the actual 
teratogenic species of arsenic. 

Our findings in this investigation can be compared with those obtained in a 
study of the concentration and chemical status of arsenic in maternal plasma and 
red ceils of hamster dams on the eighth day of gestation resulting from the 
chronic administration of arsenate (Hanlon and Ferm, 1986). In that study we 
used the osmotic minipump to provide a constant rate exposure to a teratogenic 
dose of arsenate. We found that a steady state existed for the concentration and 
chemical status of arsenic in plasma and red cells during the period of organo- 
genesis (Day 8 of gestation) if the pumps were implanted no later than Day 6 of 
gestation. It is tempting to ascertain the time interval post-acute injection during 
which the total concentration and chemical status of arsenic in maternal blood are 
close to those obtained under conditions known to lead to fetal abnormalities, 
i.e., those found in the chronic study. In fact, these criteria are met 3 and 4 hr 
post-acute injection. Our conjecture is that the teratogenic event is initiated no 
later than 4 hr postadministration. This is consistent with the likelihood that 
neural tube defects occur early in the period of organ development in hamsters 
(Ferm and Hanlon, 1983). 



BLOOD ARSENIC DURING P R E G N A N C Y - - A C U T E  EXPOSURE 389 

4. Concluding Remarks 

The potential for environmental agents to cause biological damage to mammals 
is often deduced by assaying the total concentration of the agent in the blood of 
exposed individuals. The validity of this maneuver is limited by the extent to 
which the total concentration of arsenic reflects that of the chemical form (or 
forms) of the agent that is directly responsible for producing a biological insult. In 
turn, the blood concentration and chemical status of a given agent at any time 
following the initiation of exposure must be dependent on the intensity, mode, 
and duration of exposure as well as the intrinsic genetically determined metabolic 
possibilities provided by the exposed individual. Therefore, without knowledge 
of the history of the exposure, judgments regarding toxic or teratogenic outcomes 
founded on the total concentration of a suspected environmental agent may well 
be baseless. 

Our investigations concerning the metabolic fate of teratogenic doses of ar- 
senate administered under acute and chronic conditions provide a firmer base for 
predicting the teratogenic potential of arsenate in mammals and could be useful 
for predicting the likelihood of fetal abnormalities in humans following exposure 
to arsenate in the environment. 
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