
ber of available data (26 loci) is un- 
doubtedly insufficient to draw any 
strong conclusion, the result indicates 
that the distribution of heterozygosity 
deviates from that of neutrality and it 
is shifted toward a balanced selection. 
The result is presented in Fig. 1B (8). 
It seems quite certain that the heterozy- 
gote distributions of protein polymor- 
phisms and of blood group polymor- 
phisms are essentially different; see also 
(4). 
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Calcium Absorption and Calcium-Binding Protein Synthesis: 
Solanum malacoxylon Reverses Strontium Inhibition 

Abstract. The ingestion of diets containing high concentrations of stable stron- 
tium inhibits calcium absorption and intestinal calcium-binding protein synthesis 
and, as shown by others, does so by inhibiting the conversion of 25-hydroxy- 
cholecalciferol to 1,25-dihydroxycholecalciferol, the active form of vitamin D. 
The addition of the South American plant Solanum malacoxylon to strontium- 
containing diets counteracts the inhibitory action of dietary strontium, thereby 
indicating that the plant contains a factor which can mimic the action of 1,25- 
dihydroxycholecalciferol and representing the first such factor identified in a 
botanical source. 

Calcium Absorption and Calcium-Binding Protein Synthesis: 
Solanum malacoxylon Reverses Strontium Inhibition 

Abstract. The ingestion of diets containing high concentrations of stable stron- 
tium inhibits calcium absorption and intestinal calcium-binding protein synthesis 
and, as shown by others, does so by inhibiting the conversion of 25-hydroxy- 
cholecalciferol to 1,25-dihydroxycholecalciferol, the active form of vitamin D. 
The addition of the South American plant Solanum malacoxylon to strontium- 
containing diets counteracts the inhibitory action of dietary strontium, thereby 
indicating that the plant contains a factor which can mimic the action of 1,25- 
dihydroxycholecalciferol and representing the first such factor identified in a 
botanical source. 

A disease of cattle in the Argentine 
known as "Enteque seco" is character- 
ized by extensive soft tissue calcification 
and is due to the ingestion of the plant 
.Solanum malacoxylon by the grazing 
animal (1). Controlled studies with 
different species, including cattle (2), 
rabbits (3), sheep (4), and guinea pigs 
(4), verified the etiology of the disease 
and showed that the plant or an extract 
of the plant caused an increased ab- 
sorption of calcium and phosphorus. 
Analogy between the active principle 
in S. malacoxylon and vitamin D has 
been made, and it was shown that the 
unknown factor seems to act faster and 
fade faster than a massive dose of vita- 
min D (3) and appeared to cause an 
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increase in calcium-binding activity in 
rabbit ileum (5). The similarity be- 
tween the activity of vitamin D and S. 
malacoxylon was confirmed by the re- 
port by O'Donnell and Smith (6). 
However, from the reported symptoms 
and signs of Enteque seco, it was more 
likely that the active principle in S. 
malacoxylon might have biological 
properties similar to the active form 
of vitamin D, 1,25-dihydroxycholecal- 
ciferol [1,25-(OH),,Da]. 1,25-(OH) D3 
is formed in the kidney by the 1- 
hydroxylation of the precursor metabo- 
lite, 25-hydroxycholecalciferol (25- 
OHDa), the latter resulting from the 
25-hydroxylation of vitamin D3 (chole- 
calciferol) in the liver (7). 
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To test the hypothesis that the S. 
malacoxylon factor had activity similar 
to that of 1,25-(OH) 2D3, use was made 
of the established observation that a 
high stable strontium intake by chicks 
blocks the conversion of 25-OHD3 to 
1,25-(OH)2D3 by the kidney enzymes 
(8). The lack of 1,25-(OH)2D3 pro- 
duction in the presence of strontium 
results in a depressed absorption of 
calcium and the inhibition of synthesis 
of the intestinal vitamin D-dependent 
calcium-binding protein (9). The in- 
hibitory action of strontium, as would 
be predicted, can be overcome by the 
administration of 1,25-(OH)2D3 per se 
but .not by 25-OHD3 or cholecalciferol 
(8), and we now report here that the 
inhibitory effect of dietary strontium 
can also be reversed by S. malacoxy- 
Ion-evidence that the S. malacoxylon 
factor does, indeed, have activity sim- 
ilar to that of the active metabolite of 
vitamin D3, 1,25-(OH)2D3. 

Day-old White Leghorn cockerels 
were fed a commercial chick diet 
(Agway) for 23 days; at this time (des- 
ignated day 0), they were placed on 
either a control diet containing 1.3 
percent Ca, 0.65 percent P, and 1200 
international units (I.U.) of vitamin 
D3 per kilogram or a diet containing 
2.5 percent Sr, 0.2 percent Ca, 0.65 
percent P, and 1.200 I.U. of vitamin D3 
per kilogram. On day 4, some of the 
chicks on the high strontium diet were 
continued on this diet, and the others 
were fed the same high strontium diet 
without vitamin D3 but supplemented 
with either 0.2 or 0.5 percent of S. 
malacoxylon powder. The basal diet is 
the rachitogenic diet (9). On days 0, 
4, and 7, six chicks from the appro- 
priate groups were anesthetized with 
ether, and the degree of absorption of 
47Ca from a ligated duodenal segment 
in situ was determined (10). The 1-ml 
test dose contained NaCI, 150 mM; 
CaCL, 25 mM; and 47Ca, 0.05 t/c/ml, 
pH 7.2. After an absorption period of 
15 minutes, the chicks were bled by car- 
diac puncture and killed with an over- 
dose of sodium pentabarbitol. The 
duodenum was excised and the radio- 
activity therein was counted immedi- 
ately in a well-type scintillation detector 
against reference 47Ca. The 47Sc contri- 
bution was excluded by the use of a 
single channel analyzer. The segment, 
after counting, was thoroughly rinsed 
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from the mucosal homogenate was as- 
sayed for the vitamin D-dependent cal- 
cium-binding protein (CaBP) by radio- 
immunoassay (12). Protein was mea- 
sured by the method of Lowry et al. 
(13). Absorption data are expressed 
as the percentage of the administered 
dose of 47Ca, and CaBP as micrograms 
per milligram of total protein in the 
supernatant of the mucosal homogenate. 

Calcium and strontium in the plasma 
were determined by atomic absorption 
spectrometry, and plasma phosphate 
was determined by a modification of 
the procedure of Fiske and Subbarow 
(14), with the use of an autoanalyzer 
(Technicon). The S. malacoxylon plant 
was made available by Dr. H. R. Cam- 
beros, Ministry of Agriculture, Buenos 
Aires, Argentina, and Dr. G. K. Davis, 
University of Florida. 

The experimental data on the re- 
sponse of strontium-fed chicks to S. 
inalacoxylon powder are presented in 
Fig. 1. At days 4 and 7, the strontium 
diet significantly (P < .001) inhibited 
47Ca absorption (Fig. 1A) and reduced 
duodenal CaBP levels to nearly zero 
(Fig. iB). Those chicks placed on the 
diets free of vitamin D3 but containing 
S. malacoxylon recovered absorption 
and CaBP capacities (Fig. 1, A and 
B) in a dose-related fashion, and the 
correlation coefficient between 47Ca ab- 
sorption and CaBP was .90. This re- 
versal of strontium inhibition by the 
plant was replicated in two other 
studies. 

Clearly, the South American plant 
does have vitamin D-like activity as 
demonstrated by the induction of the vi- 
tamin D-dependent protein in our study 
and in vitamin D-deficient, rachitic 
chicks (15). The fact that S. mala- 
coxylon can overcome the inhibitory ef- 
fect of dietary strontium indicates that 
the factor in the plant mimics the action 
of 1,25-(OH)2D3 since, as previously 
noted, convincing evidence is available 
showing that, under similar conditions, 
the conversion of 25-OHD3 to 1,25- 
(OH)2D3 is blocked (8). This effect 
cannot be due to the calciferol-like 
activity of the plant alone, which, by 
bioassay, would contribute about 600 
I.U. of vitamin D3 equivalents per kilo- 
gram of diet. The high strontium con- 
trol diet already contained 1200 I.U. 
of vitamin Da per kilogram, and cer- 
tainly the inhibitory effect of strontium 
was evident in the presence of this and 
greater quantities (9) of vitamin D:; 
(Fig. 1). 

It is conceivable that the S. inala- 
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Table 1. Plasma calcium, phosphate, anti strontium concentrations, together with terminal 
body weights of chicks on the experimental diets. The strontium diet alone decreased growth 
(P<.001) and plasma Ca (P<.001). The values given are for experimental day 7 only and 
represent the mean + S.E.M. of six chicks per group. In any given column, the different 
superscript letters indicate that the values differ at P < .05, the comparisons being made 
between groups. SM, Solanum mnalacoxylon powder. 

Body Plasma Plasma Plasma 
Group Diet weight Ca P, Sr 

(g) (mg/100 ml) (mg/100 ml) (mg/100 ml) 

I Control 319 4 5-' 11.5 ? 0.04a 5.2 +- 0.3a 
2 High Sr 285 ? 3b 9.7 ? 0.1b 4.5 + 0.1bec 6.0 ? 0.3a 
3 High Sr + 260 19b 10.0 ? 0.2b, e 4.7 ? 0.2b 6.0 ? 0.51 

0.2% SM 
4 High Sr + 255 ? 21 10.4 ? 0.3e 4.2 - 0.1C 7.7 4 0.3"' 

0.5% SM 

coxylon factor is a potent stimulator 
of the kidney 1-hydroxylase system and 
allows the 25-OHD:, hydroxylation to 

proceed even in the presence of stron- 
tium. This possibility seems unlikely as 
indicated from the following experi- 
ment. Solanum inalacoxylon powder was 

extensively extracted with a mixture of 
methanol and chloroform to remove 
bona fide vitamin D. An aqueous ex- 
tract of the residue was prepared and 
found effective in stimulating calcium 

absorption and inducing CaBP syn- 
thesis in the vitamin D-deficient chick. 
Since the only source of vitamin D- 
like potency was the extract, this indi- 
cated that the factor was not acting by 
stimulating 1-hydroxylation of 25- 

OHD;: that preexisted in the animal. 
This same aqueous extract also reversed 
the inhibitory effect of high levels of 

dietary strontium. However, an tin- 

equivocal approach to the above propo- 
sition will be the determination of the 
effectiveness of S. malacoxylon in 
rachitic nephrectomized animals or in 

an isolated intestinal organ culture sys- 
tem (16), or both. 

It is also unlikely that S. mtalacoxylon 
operates directly on the intestinal cal- 
cium transport system, similar to the 
antibiotic filipin (17), since the direct 

incorporation of S. mialacoxylon aque- 
ous extract into the 47Ca-labeled dosing 
solution was ineffective in stimulating 
47Ca absorption, and such a factor 
would not likely cause the synthesis of 
the vitamin D-induced calcium-binding 
protein. 

The effect of the various treatments 
on plasma Ca, Sr, and inorganic phos- 
phate concentrations, and on body 
weights, are shown in Table 1. 

The present results bear on the 
fundamental nature of the soft-tissue 
calcification disease Enteque seco (18). 
In the normal animal, the calcium 
absorption mechanism is reasonably 
well controlled, with the efficiency of 
absorption changing in response to such 
variables as dietary calcium concentra- 
tion, age, pregnancy, and growth (19). 

60 -, 40C 
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A 
f c 

B 
^ . . . 30. . . 

c 40 Sr + 0.5%SM .| / 
o0.5%SM-V.' I X - _Control 

? 34 Control - X 20 \ / 
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S0L r diet- 
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Time (days) 
Fig. 1. Reversal of the inhibitory effect of dietary strontium on calcium absorption 
and net synthesis of the vitamin D-dependent calcium-binding protein (CaBP) by 
S. inalacoxyloi (SM). Chicks at 3?/2 weeks of age were fed a normal diet for 7 
days or a diet containing strontium (2.5 percent) for 4 days. On day 4, some of the 
strontium-fed chicks were continued on that diet or given the same diet without 
vitamin D,U, but with the addition of S. inalacoxylon powder (either 0.2 or 0.5 per- 
cent) for 3 days more. The degree of duodenal absorption of a test dose of `Ca is 
shown in (A) and net synthesis of CaBP in (B). Each point represents the mean of 
six chicks. The standard error of means rest within the confines of the symbol or 
are as designated by the range lines. 
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The modifiable reaction appears to be 
the degree of conversion of 25-OHD3 
to 1,25-(OH)2D3 by kidney enzymes 
(20); the more 1,25-(OH)2D3 pro- 
duced, the greater the efficiency of 
calcium absorption. Since the S. mala- 
coxylon factor effectively bypasses (or 
conceivably stimulates) the controlling 
point, that is, the kidney hydroxylase 
step, calcium absorption (and probably 
other aspects of calcium metabolism) 
occurs at a high rate and essentially 
out of control, thus accounting for the 
pathological symptoms of the disease. 
This is supported by the finding that 
S. imalacoxylon elicits no gross toxicity 
in chicks on a low calcium diet but is 
deleterious when a normal calcium diet 
is fed (15), suggesting no direct action 
of the plant factor alone on the soft 
tissues. 

The S. imalacoxylon factor is water 
soluble and readily extracted from the 
plant by aqueous or other highly polar 
solvents (21) and this has been con- 
firmed at our laboratory. This important 
property tends to eliminate the factor as 
being vitamin D or even 1,25-(OH).Da 
per se. It could, however, be a deriva- 
tive of the metabolite containing a high- 
ly polar moiety, thereby accounting for 
its solubility properties. Required is the 
isolation and characterization of the 
factor in order to understand the rela- 
tion of the factor to the calciferol 
series, if any, and to aid in elucidating 
its mode of action. Its therapeutic po- 
tential in certain human and animal 
disease states remains to be determined. 

R. H. WASSERMAN 

Department of Physical Biology, 
New York State Veterinary College, 
Cornell University, 
Ithaca, New York 14850 
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point, that is, the kidney hydroxylase 
step, calcium absorption (and probably 
other aspects of calcium metabolism) 
occurs at a high rate and essentially 
out of control, thus accounting for the 
pathological symptoms of the disease. 
This is supported by the finding that 
S. imalacoxylon elicits no gross toxicity 
in chicks on a low calcium diet but is 
deleterious when a normal calcium diet 
is fed (15), suggesting no direct action 
of the plant factor alone on the soft 
tissues. 

The S. imalacoxylon factor is water 
soluble and readily extracted from the 
plant by aqueous or other highly polar 
solvents (21) and this has been con- 
firmed at our laboratory. This important 
property tends to eliminate the factor as 
being vitamin D or even 1,25-(OH).Da 
per se. It could, however, be a deriva- 
tive of the metabolite containing a high- 
ly polar moiety, thereby accounting for 
its solubility properties. Required is the 
isolation and characterization of the 
factor in order to understand the rela- 
tion of the factor to the calciferol 
series, if any, and to aid in elucidating 
its mode of action. Its therapeutic po- 
tential in certain human and animal 
disease states remains to be determined. 

R. H. WASSERMAN 

Department of Physical Biology, 
New York State Veterinary College, 
Cornell University, 
Ithaca, New York 14850 
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those seen in organomercurial-treated 
rats, we examined the influence of 
cadmium on renal and hepatic gluco- 
neogenic enzymes, hepatic glycogen, 
blood glucose, and serum urea. We 
found that daily injection of cadmium 
chloride for 45 days (I mg per kilo- 
gram of body weight) significantly 
elevated the concentration of blood 
glucose and urea; enhanced the activi- 
ties of renal and hepatic pyruvate car- 
boxylase (E.C. 6.4.1.1), phosphopyru- 
vate carboxylase (E.C. 4.1.1.32), hex- 
osediphosphatase (E.C. 3.1.3.11), and 
glucose-6-phosphatase (E.C. 3.1.3.9); 
and reduced the concentration of liver 
glycogen. 

Experiments were carried out in 
male Wistar rats weighing approxi- 
mately 100 g, housed in individual 
cages, and having free access to Master 
laboratory chow and water. Cadmium 
chloride was dissolved in physiological 
saline and administered daily for 45 
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Persistence of Cadmium-Induced Metabolic Changes in 

Liver and Kidney 

Abstract. Daily intraperitoneal injection of cadmium chloride (1 milligram per 
kilogram) for 45 days enhanced gluconeogenesis as evidenced by significant in- 
creases in the activities of liver and kidney cortex pyruvate carboxylase, phos- 
phopyruvate carboxylase, hexosediphosphatase, and glucose-6-phosphatase, the 
quartet of key, rate-limiting entzymes involved in the biotransfornmation of non- 
carbohydrate precursors into glucose. Whereas cadmium treatment decreased the 
level of hepatic glycogen, the concentration of blood glucose and urea was signifi- 
cantly elevated by this heavy metal. Discontinuation of the heavy metal treatment 
for 28 days, in rats previously injected with cadmium for 45 days, failed to 
restore the observed biochenlical alterations in hepatic and renal carbohydrate 
metabolism to control values. Evidence indicates that cadmium augments the 
glucose-synthesizing capacity of liver and kidney cortex and that various meta- 
bolic changes persist even after a 4-week period of withdrawal from exposure to 
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