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Aluminum (Al) is a light metal which,
although a normal constituent of mammalian
tissues, has no known essential metabolic
function. In addition to its environmental
ubiquity and presence in the food supply, Al
is a major component of many preparations
copiously consumed as antacids or phosphate
binders to treat hyperphosphatemia and sec-
ondary hyperparathyroidism and to prevent
metastatic calcifications (1, 2). A positive Al
balance has been observed in normal subjects
and uremic patients ingesting Al (3, 4). An
elevated concentration of Al has been de-
tected in certain areas of the brain in Alz-
heimer’s disease and dialysis dementia sug-
gesting an etiological role for Al in these
encephalopathies (5, 6).

The neurotoxicity of Al, a trivalent cation,
has been demonstrated in several animal spe-
cies following systemic administration or ap-
plication directly into the central nervous sys-
tem (7-9). Neurofibrillary degeneration, sim-
ilar although not identical to that seen in
Alzheimer’s disease, is the main pathqlogic
lesion observed in brains of cats and rabbits
treated with Al (7, 8). Behavioral and motor
disturbances in cats following Al administra-
tion are positively correlated with the density
of neurofibrillary degeneration and brain Al
concentration (5, 8). Increased protein syn-
thesis and decreased ribosomal RNA content
are caused by Al which binds to nuclear
chromatin (10, 11). Microtubular polymeri-
zation, a process involved in numerous cel-
lular functions including mitosis, may also be
decreased by Al (12).

Since there are critical periods of protein
synthesis and cellular division during embry-
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onic development, effects resulting from Al
may be most pronounced following admin-
istration during organogenesis. The Al con-
centration in brain, bone and kidney is in-
creased in Al fed rats by parathyroid hor-
mone (PTH) (13) and serum PTH is elevated
in women during pregnancy (14). Theoreti-
cally, elevated PTH may raise Al concentra-
tions in maternal tissues and increase embry-
onic exposure to Al, especially if afflicted
with hyperparathyroidism and consuming Al
containing preparations. Therefore, it was of
interest to determine: (a) The teratogenic po-
tential of Al in rats following dietary exposure
and (b) the effect of PTH on fetal Al concen-
tration and severity of Al-induced fetal
anomalies.

Materials and methods. Timed-pregnant
Sprague-Dawley rats were obtained on day
2 of gestation (Spartan Farms, Haslett, MI).
Animals were maintained in clear polypro-
pylene cages at 22°C with a 12 hr light cycle
(0700-1900 hr) and were allowed free access
to food (Wayne Lab Blox) and water (dis-
tilled). On day 6 of gestation, rats were ran-
domly assigned to the control group (ground
Lab Blox) or one of the treatment groups.
Treated groups received PTH (TCA-Inolex)
and ground Lab Blox (containing 119 ppm
Al, 12) supplemented with Al (aluminum
chloride) and/or Ca (calcium chloride).
Treatments were 500 or 1000 ppm Al and
PTH (68 units/kg, s.c.) or vehicle (84.1% acid
water, 15% gelatin, 0.1% phenol and 0.8%
glycerine) on gestational days 6, 9, 12, 15 and
18 or 1000 ppm Al and 1.2% Ca (average Lab
Blox) or 2.0% Ca (Ca supplemented Lab
Blox).

On the 19th day of gestation, fetuses were
removed by Caesarean section and the num-
ber and position of live, dead and resorbed
fetuses was recorded. Fetuses were dried on
absorbent paper, weighed, measured for
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crown-rump length with a vernier caliper,
sexed and examined for external anomalies.
Each litter was then divided into three sub-
groups for further examination and one sub-
group for determination of whole carcass alu-
minum concentration. One sub-group was
fixed in Bouin’s solution for 2 weeks, after
which the fetuses were sectioned by hand into
2-3 mm sections and examined for soft-tissue
anomalies by the method of Wilson (15). A
second sub-group was fixed in 95% ethanol,
skinned and eviscerated. The fetal cartilage
and ossified skeletons were subsequently
stained with alcian blue 8GS and alizarin red
S, respectively, by the method of Inouye (16).
Stained skeletons were examined to assess
skeletal anomalies. Brain, kidney and femur
were removed from fetuses in a third sub-
group, cut into small pieces and fixed in
Karnovsky’s fixative (500 milliosmoles) for
48 hr (17). Tissues were then washed in Zet-
terquists wash, pH 7.3, and postfixed in Zet-
terquists 1% osmium for 2 hr (18). Samples
were rewashed in Zetterquists was, dehy-
drated and embedded in araldite. One micron
sections were prepared for use in orientation
of the tissue after which thin sections were
cut, stained with lead citrate and uranyl ace-
tate and examined under a Zeiss EM 952
electron microscope.

Tissue preparation for determination of
whole fetal carcass aluminum concentration
was similar to the method described by
LeGendre and Alfrey (19). Whole pups were
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dried to a constant weight and 100 mg sam-
ples were ashed in a muffle furnace at 400°
for 40 hr. The residue was then extracted in
a saturated disodium ethylenedinitrilotetraa-
cetic acid solution. Aluminum analyses were
performed on a Varian Model 375 atomic
absorption spectrophotometer equipped with
a CRA90 graphite furnace assembly and a
ASD-53 automatic sampler (Varian-Tech-
tron, Chicago, IL). Five microliter aliquots of
the EDTA extract were placed in the graphite
rod which underwent a 60 sec dry cycle at
100°, a 40 sec ash cycle at 1000° and a 3 sec
atomize cycle at 2550°. Our detection limit
(defined as twice the background level) was
20 pg/L and the reproducibility of replicate
samples was within 5-8%.

Data were analyzed statistically by analysis
of variance, completely random design.
Treatment differences were detected by the
least significant difference (LSD) test (20).

Results. Concomitant treatment with PTH
and 1000 ppm Al produced an increase in
resorption rate but did not affect the number
of live fetuses, fetal body weight or length
(Table I). Other treatments with Al and/or
PTH or Ca did not alter the embryo (or fetal)
mortality rate, litter size, fetal body weight or
length. Even control fetuses contained Al,
however, the concentration of Al in whole
fetal carcass was not modified by the dietary
level of Al or by PTH or Ca (Table I).
Although gross, soft-tissue or skeletal anom-
alies were detected in each treatment group,

TABLE 1. RESORPTION RATE, FETAL S1ZE AND WHOLE CARCASS ALUMINUM CONCENTRATION IN OFFSPRING OF
PREGNANT RATS TREATED WITH ALUMINUM CHLORIDE (Al) AND PARATHYROID HORMONE (PTH).”

No. of
litters Percent re- Fetal crown-  Whole carcass
exam-  No. of live sorbed or Fetal body wt ~ rump length  aluminum (mg/
Treatment ined fetuses dead fetuses (g) cm) kg body wt)
Control 8 14+1 3.1+ 1.9 3.96 + 0.08 38x0.1 0.68 = 0.18
500 ppm Al 6 13+1 62+22 4.01 £ 0.06 38+0.1 0.74 £ 0.03
1000 ppm Al 8 13£1 6.6 = 1.6 4.11 £ 0.08 39+0.1 1.37 £ 0.57
Control + PTH 5 13+1 48+ 1.8 3.90 = 0.13 3.8+0.1 0.66 = 0.16
500 ppm Al + 5 13£1 44+30 391 £0.11 3.7+0.1 1.25 + 0.65
PTH
1000 ppm Al + 7 12+1 122 +25° 4.18 £ 0.05 39+0.1 0.61 +£0.13
PTH
% Ca 5 13+1 40+ 1.6 4.09 £0.10 380 0.87 £0.24
6 14+ 1 53+19 4.09 +0.13 390 1.02 + 0.06

% Ca + 1000 ppm
Al

“ Rats were maintained on diets from day 6 of gestation until sacrifice at day 19 of gestation. Animals received
subcutaneous injections of PTH (68 units/kg) on gestational days 6, 9, 12, 15 and 18. Values are the mean response/

litter + SEM.
® Significantly different from control value, p < 0.05.
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TABLE II. PERCENT INCIDENCE OF ANOMALIES AMONG OFFSPRING OF PREGNANT RATS TREATED WITH
ALUMINUM CHLORIDE (Al) AND PARATHYROID HORMONE (PTH).®

Control + 500 ;;Pm Al+ 1000 g[}m Al ) 2% Ca 1000
Treatment Control 500 ppm Al 1000 ppm Al PTH TH + PTH 2% Ca ppm Al
Anomalies
Runted fetuses 0 25+ 1.8 09 x09 15215 0 15215 0
Imperforate anus 0 1212 0 0 0 12+12 0 0
Microcaudia 0 12+ 12 0 0 0 12412 0 0
Gonad agenesis 0 0 1.8+ 18 08+08 0 3.0x30 0
Ischium or pubic ab- 0 0 0 0 6.2 +4.1 0 0 0
sent or small
Tibia or fibula absent 0 0 0 0 0 0 3.0+30 0
or small
Ribs:
Supernumerary 18+ 1.8 0 0 0 3131 0 0 27%£27
Fused 0 0 0 0 313 0 0 0
Absent 0 0 0 0 12x12 0 0
Vertebrae:
Fused 0 25x25 0 0 313 3 3 0 0
Absent or not ossi- 1.8+ 1.8 5+25 0 0 0 3+ 0 0
fied
Digital bones: 100 + 6.6 95 +47 93+40 102 +53 130 £ 6.2 146 £ 6.5 75x42 70t 4.1
Front or hind limbs
absent or not os-
sified
Sternebrae:
Absent or not ossi- 258 = 8.6 315 +98 175 £ 12.1 366+ 11.7 310+ 105 379+ 148 131273 27.1 89

fied

“Rats were maintained on diets from day 6 of gestation until sacrifice at day 19 of gestation. Animals received subcutaneous injections of PTH (68
units/kg) on gestational days 6. 9. 12. 15 and I8. Values are the mean response/litter SEM.

there were no statistically significant in-
creases in the incidence of any abnormality
(Table II). Examination of cells and their
ultrastructures from numerous areas of brain,
kidney or femur did not reveal changes which
could be attributed to any experimental treat-
ment.

Discussion. Resorption rate was increased
following 1000 ppm Al and PTH suggesting
that this metal and hormone may be embry-
otoxic when administered throughout organ-
ogenesis and late fetal development (day 6-
19). Neither PTH nor 1000 ppm Al alone had
any effect on mortality and the apparent no-
effect dose level for embryotoxicity after com-
bined treatment is 500 ppm Al and PTH.
This effect was not correlated with an in-
creased whole fetal carcass Al concentration.
However, the concentration of Al was not
determined in stillborn or partially resorbed
fetuses or individual fetal tissues such as
brain, bone and kidney which have elevated
Al concentrations in adult rats following com-
bined treatment with Al and PTH (13).
Nevertheless, histopathological changes were
not detected in tissues examined and the in-
cidence of gross, soft-tissue or skeletal anom-
alies was not affected by any treatments em-
ployed in this investigation. -

Transplacental movement of Al resulted in
an Al concentration in control fetuses similar
to that previously reported for whole carcass
of adult rats maintained on Lab Blox con-
taining 119 ppm Al (13). Since the concentra-
tion of Al in whole fetal carcass was not
affected by the dietary level of Al or by PTH
or Ca and presumably did not reflect mater-
nal Al burdens, the rat placenta may, at least
partially, preclude transport of Al and/or
PTH. Thus, the placenta may assume a pro-
tective role by restricting Al accumulation in
the unborn rat. There have been few studies
regarding Al passage across the placenta;
however, there is evidence that maternal PTH
does not cross the placenta in nonhuman
primates (21, 22).

In summary, combined treatment with
1000 ppm Al and PTH throughout organo-
genesis and late fetal development resulted in
an increased resorption rate. Administration
of Al and/or PTH or Ca did not increase the
incidence of teratogenic anomalies or whole
fetal carcass Al concentrations. These results
suggest that in rats 1) dietary exposure to Al
at levels as high as 1000 ppm throughout
organogenesis may not result in teratogenic
or histopathological alterations and 2) al-
though combined maternal treatment with
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1000 ppm Al and PTH throughout organo-
genesis may increase embryolethality, it may
not enhance the potential for Al-induced
toxic effects in surviving fetuses.

Summary. Oral aluminum (Al) exposure is
a consequence of the element’s presence in
food, cosmetics, drinking water and its use in
preparations administered therapeutically in
large quantities as antacids or phosphate
binders. Al is neurotoxic in animals and ele-
vated concentrations of Al have been detected
in brains of patients with certain encephalop-
athies. Protein synthesis, ribosomal RNA
content and microtubular polymerization
may be altered by Al Since there are critical
periods of protein synthesis and cellular di-
vision during embryonic development it was
of interest to determine the teratogenic poten-
tial of Al. Since parathyroid hormone (PTH)
increases tissue Al concentrations the effects
of combined treatment of Al and PTH were
also evaluated. Rats were maintained on diet
supplemented with Al and/or calcium and
treated with PTH or vehicle from day 6 of
pregnancy through day 19, when fetuses were
removed by Caesarean section. Combined or
separate treatment with PTH and Al did not
alter the number of live fetuses, fetal size,
incidence of gross, soft-tissue or skeletal
anomalies. Al concentration in whole fetal
carcass was not affected. Combined treat-
ment was accompanied by a significant in-
crease in resorption rate. Histopathological
alterations were not detected in animals from
any treatment group. These results suggest
that although combined maternal treatment
with PTH and 1000 ppm Al may increase
embryolethality, it may not enhance the po-
tential for Al-induced toxic effects in surviv-
ing rat fetuses.
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