
other tadpole hemoglobins, Td-1 and Td-2 
(Fig. 2c). The origin of hemoglobin Td-2a 
is open to question, since we have not 
found it in any of the organ culture ex- 
tracts. 

These results provide evidence that two 
different erythropoietic sites are simulta- 
neously active in tadpoles, and that the two 
erythropoietic organs promote differ- 
entiation of different red blood cell lines 
containing different tadpole hemoglobins. 
We recognize the possibility of a single cir- 
culating stem cell which could become 
lodged in the two organs and develop into 
the two red blood cell lines under the influ- 
ence of the different environments in the 
two organs. Whether there are two types of 
stem cell or only one, it would be inter- 
esting to know what the different factors 
are in the two organs that promote differ- 
entiation of RBC's containing different he- 
moglobins. The culture system described in 
this paper should allow these important 
questions to be investigated. 
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of the metabolite. 

A number of observations recorded by 
clinicians as well as basic science investiga- 
tors over the past 30 years suggest that un- 
der certain circumstances both vitamin D 
and parathyroid hormone (PTH) depend 
on the presence of the other for the full ex- 
pression of the characteristic biological ef- 
fects of either (1, 2). For this inter- 
dependence to be demonstrated, physi- 
ological, as compared to pharmacological, 
amounts of each agent must be used. Thus, 
for example, the capacity of PTH to mobi- 
lize bone mineral requires small "priming" 
doses of vitamin D, according to most in- 
vestigators (3-5). Similarly, it is generally 
agreed that stimulation of the intestinal 
transport of calcium required physi- 
ological amounts of the vitamin (6). How- 
ever, it is also generally recognized that 
pharmacological doses of the vitamin can 
act on both gut and bone, leading to an ele- 
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vation of serum calcium in the absence of 
PTH (2, 7, 8), an observation that has pro- 
vided the rationale for the therapy of hy- 
poparathyroidism and resistant forms of 
rickets with massive doses of vitamin D 
(9). 3 

The interdependence of PTH and vita- 
min D in the renal tubules has been much 
less clearly defined. Opinion is divided as 
to whether small amounts of vitamin D are 
necessary for PTH to bring about 
phosphaturia (5, 10, 11) or not (3, 5, 12). 
The opposing views on this matter seem re- 
lated to two principal circumstances: (i) 
much less attention has been directed to- 
ward an evaluation of vitamin D effects on 
the kidney than on the other two target or- 
gans, bone and gut (13); and (ii) supraphys- 
iological amounts of one or both agents 
may have been used in the pertinent stud- 
ies. We now report the effects on the uri- 
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nary excretion of phosphate of the single 
and combined administration of graded 
doses of the biologically active metabolite 
of vitamin D3, 25-hydroxy vitamin D3 [25- 
hydroxycholecalciferol (25-HCC)] (14), 
and of PTH. 

Female weanling rats deficient in vita- 
min D (Holtzman Company, Madison, 
Wisconsin) were fed a diet containing 
0.400 percent calcium and 0.426 percent 
phosphorus, supplemented with vitamins 
A, B, C, E, and K (Teklad Mills, Chagrin 
Falls, Ohio). Matched control rats were 
given exactly the same diet, except that ap- 
proximately 25 international units (I.U.) of 
vitamin D per day was added. From each 
new shipment of 24 to 30 rats, 3 to 5 ani- 
mals were selected at random and killed 
after 3 to 4 weeks on the D-deficient diet, 
so that serum calcium and phosphorus 
could be determined. Groups of rats in 
which the mean calcium did not fall below 
6.5 mg per 100 ml of serum were not used. 
Thyroparathyroidectomy (TPTX) was 
performed by electrocautery under light 
anesthesia (ether), a bladder catheter was 
inserted, and perfusion of the tail vein was 
begun. The animals were then placed in a 
restraining cage and urines were obtained 
with a fraction collector at intervals of 1 to 
2 hours. The technique was a modification 
of that originally described by Cotlove (15) 
as adapted by Rasmussen and his co-work- 
ers (4, 5). 

The perfusion mixture contained 4 
percent glucose, and 10 mM calcium, 20 
mM sodium, 2.5 mM potassium, and 5mM 
magnesium, as the respective chloride 
salts. A priming dose of inulin (approxi- 
mately 0.2 ml of a 10 percent solution) was 
given. The sustaining solution, containing 
inulin (5 mg/ml) was administered at 1.3 
ml per hour with a constant infusion pump 
so that volume expansion of the animals 
would be avoided. After a 14- to 16-hour 
equilibration period and a 4- to 6-hour con- 
trol period, either 25-HCC (16), suspended 
in propylene glycol, or a highly purified 
preparation of PTH (Wilson Laboratories, 
lot 156552), dissolved in normal saline so- 
lution, or both, was administered at a rate 
of 0.023 ml per hour. Control animals re- 
ceived only the vehicle used for the 25- 
HCC (propylene glycol). Groups of five to 
eight animals were given doses of PTH 
from 0.2 to 5 units per hour or 25-HCC, 1 
to 100 units per hour, or a combination of 
these agents. The animals were killed after 
6 hours of drug or hormone infusion (total 
perfusion period, 26 hours), or both, and 
blood was obtained by aortic puncture. 
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to 100 units per hour, or a combination of 
these agents. The animals were killed after 
6 hours of drug or hormone infusion (total 
perfusion period, 26 hours), or both, and 
blood was obtained by aortic puncture. 
Urinary inulin was stable in most animals 
after the equilibration period of 14 to 16 
hours; the data from those rats in which 
wide fluctuations in urinary inulin excre- 
tion were observed were discarded. Urine 
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Parathyroid Hormone and 25-Hydroxy Vitamin D3: Synergistic 
and Antagonistic Effects on Renal Phosphate Transport 

Abstract. The effect on phosphate excretion of graded doses of parathyroid hormone 
(PTH) and the biologically active vitamin D3 metabolite, 25-hydroxycholecalciferol (25- 
HCC), administered singly and in combination, were studied in the nonexpanded, vita- 
min D-depleted thyroparathyroidectomized rat. Infusion of I unit of 25-HCC per hour 
for 6 hours induced an antiphosphaturia only when administered with 0.2 unit of PTH 
per hour, while neither agent alone changed phosphate excretion. A dose of 2.0 units of 
PTH per hour did not cause phosphaturia unless given with 1 unit of 25-HCC per hour. 
In pharmacologic dosage (5 units per hour), PTH produced phosphaturia in the absence 
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Fig. 1. Effects of graded doses of PTH and 25-HCC, alone and in combination, on absolute phos- 
phate excretion (Up V). The combined administration of 0.2 unit of PTH per hour and 1 unit of 25- 
HCC per hour reduced UpV by approximately 40 percent, while there was no change from control 
(C) to experimental (E) phase of the studies for the control animals or those given each agent singly. 
Likewise, neither 1 to 2 units of PTH per hour nor 1 unit of PTH + 1 unit of 25-HCC per hour 
changed Up V, but the addition of 1 unit of 25-HCC per hour to 2 units of PTH per hour resulted in 
a phosphaturia. However, 5 units of PTH per hour incremented phosphate excretion without the 
necessity for the presence of the vitamin D metabolite. 

and blood were analyzed for inulin and 

phosphate by automated adaptations of 
the methods of Davidson and Sackner (17) 
and of Fiske and Subbarow (18), respec- 
tively; serum calcium was determined by a 
modification of the method of Gitelman 
(19). Statistical analyses were performed 
by Student's t-test. 

After 3 to 4 weeks on the vitamin D- 
deficient diet, mean serum calcium was 
5.93 ? 0.06 mg per 100 ml, while that in 
the D-replete animals averaged 10.34 ? 
0.06 mg per 100 ml (P < .001). Serum 
phosphorus was not significantly altered 
by the diet (with D, 9.29 ? 0.11 mg per 
100 ml; D-deficient, 9.08 + 0.13 mg per 
100 ml; P > .20). The weights of the D-de- 

pleted rats began to diverge from those of 
the D-fed animals at about 2 weeks, and 

weight gain had virtually ceased in the D- 
deficient rats at 3 weeks. Weight at the 
time of diet institution in the weanlings 
was not different in the two groups: with D, 
61.7 + 1.3 g; D-deficient, 61.9 - 1.4 g 
(P > .90); but after 3 to 4 weeks on their 

respective diets, the mean weight for 50 D- 
fed rats was 148.6 + 1.2 g, while that for 
50 D-depleted animals was 114.4 ? 1.5 g 
(P < .001). 

In analyzing the effects of the various 
maneuvers on urinary phosphate excre- 
tion, each animal was used as its own con- 
trol. The mean excretion data for two to 
three consecutive urine collection periods 
just prior to the beginning of drug or hor- 
mone infusion (or both) were compared to 
the mean values from two consecutive peri- 
ods after 5 to 6 hours of perfusion. Urinary 
phosphate excretion was unchanged in the 
control rats from the control situation 
(12.5 ? 2.1 jig/min) to the experimental 
phase (12.3 ? 1.6 jug/min; P > .90; Fig. 1). 
Neither the infusion of 25-HCC at 1 unit 

per hour (control, 9.8 + 1.0; experimental, 
8.7 ? 1.4 jg/min; P > .50) nor the admin- 
istration of PTH at 0.2 unit per hour 

(10.4 ? 0.6 to 10.8 ? 1.4 jg/min; P > .70) 
altered phosphate excretion significantly. 
However, when given in combination, a 
fall in phosphate excretion of 39.5 percent 

Table 1. Serum phosphorus and calcium values, and glomerular filtration rate in control and experi- 
mental animals. N, number of studies per group. 

Glomerular 
Amount Serum Serum filtration 

Dose (unit/ N phosphate calcium rate 
hour) (mg/ 100 ml) (mg/ml) (ml/min) 

None 6 7.65 ? 0.79 6.17 0.19 0.90 ? 0.06 
25-HCC 1 7 9.09 + 0.44 6.04 + 0.47 1.07 + 0.08 
PTH 0.2 5 10.57 + 0.46* 5.11 +0.22* 1.06 +0.14 
25-HCC 1 

+PTH 0.2 6 6.46 + 0.22 6.31 i 0.22 0.85 : 0.04 
PTH 1 5 10.68 + 1.02t 7.22 + 0.87 1.04 + 0.21 
25-HCC 1 

+PTH 1 5 7.47 +0.35 6.45 +0.61 0.87 ?0.11 
PTH 2 6 9.44 ? 1.02 5.54 ? 0.38 0.82 + 0.10 
25-HCC 1 

+PTH 2 6 8.37 + 0.54 5.83 + 0.37 0.92 + 0.14 
PTH 5 5 8.88 + 0.68 6.05 + 0.34 0.88 + 0.09 

*P < .02 tP < .05. 
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occurred: 12.4 + 1.2 to 7.5 + 1.3 ug/min; 
P < .02. The combined effects of PTH and 
25-HCC did not occur immediately, but 
appeared to begin at 3 to 4 hours, although 
the change in absolute phosphate excretion 
did not reach statistical significance until 
5 to 6 hours after the infusion started. 

Neither the infusion of 1 unit of PTH 
per hour (control, 9.3 ? 1.3; experimental, 
10.7 ? 1.5; P > .50) nor the addition of 1 
unit of 25-HCC per hour (14.6 + 2.4 to 
10.8 ? 1.0 ug/min; P > .10) resulted in 
any consistent variation in absolute phos- 
phate excretion (Fig. 1). Similarly, 2 units 
of PTH per hour was without effect 
(10.3 ? 1.9 to 10.3 ? 1.6 4jg/min; P > .90). 
However, when 1 unit of 25-HCC was 
infused along with 2 units of PTH per 
hour, a phosphaturia developed (control, 
11.7 + 0.5; experimental, 16.0 ? 1.1 

jig/min; P < .01). Moreover, a larger dose 
of PTH (5 units per hour) was capable 
of effecting a phosphaturia without the 
necessity for 25-HCC to be present (10.0 

? 1.1 to 19.0 + 2.5 ug/min; P < .02). 
In Table 1 we present the data for serum 

calcium and phosphorus obtained at the 
end of the experiment, and the calculated 
glomerular filtration rate (GFR) (the 
clearance of inulin) for each experimental 
group, compared to the control animals. 
There were no changes in GFR. Serum 
phosphate rose in the rats given 0.2 unit 
and 1 unit of PTH per hour, suggesting a 
bone effect of the hormone without its 
phosphaturic action. In the group given 0.2 
unit, this elevation was associated with a 

slight fall in serum calcium, presumably 
reflecting deposition in bone. 

In order to determine whether there was 
a dose of 25-HCC which could act on the 

kidney of the D-depleted TPTX rat with- 
out the presence of PTH, several dosages 
of the metabolite (5, 25, and 100 units 

per hour) were administered. Neither 
the 5-unit dose (control, 13.3 ? 2.0; experi- 
mental, 11.3 ? 2.4 Ag/min; P > .50) nor 
the 25-unit dose (10.7 ? 1.4 to 11.1 ? 2.0 

,g/min; P > .70) altered urinary phos- 
phate excretion. However, a mild but 

significant phosphaturia did result from 
the administration of 100 units of the 
metabolite per hour: 9.5 + 0.9 to 
11.9 ? 1.6 ug/min; P < .05. In the latter 

group, serum phosphate rose significantly 
(to 10.36 ? 0.55 mg per 100 ml; P < .02) 
and serum calcium fell slightly (to 
5.02 + 0.14; P < .001), again suggesting 
that this massive dose of the metabolite af- 
fects the bones. 

In contrast to our results with the dog 
(13, 20) and in agreement with the work of 

Popovtzer et al. (21), small ("permissive") 
doses of PTH were required for the anti- 

phosphaturic effect of 25-HCC to become 
evident (Fig. 1). The reason for this differ- 
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ence is not obvious from the available data, 
but potential explanations include species 
difference and the possibility that 25 units 
of 25-HCC in the dog may have represent- 
ed a dose greater than physiologic. The 
achievement of vitamin D depletion and 
its absence in our previous dog experi- 
ments may have been important, as sug- 
gested by earlier workers (8, 10). The 
time lapse which characterized the devel- 
opment of reduced phosphate excretion in 
response to the combined administration 
of 25-HCC at 1 unit per hour and PTH at 
0.2 unit per hour (whereas neither agent 
was effective alone) lends additional cre- 
dence to the concept that at this minimal 
dosage level both substances are required 
for the biological effect of the metabolite 
to be expressed. This delay could reflect ei- 
ther the time required for further metabol- 
ic conversion or the necessity for tran- 
scription and new protein formation to oc- 
cur, or both. The necessity for the presence 
of PTH most likely results from the hor- 
mone's ability to act as a trophic agent (22) 
for the conversion of 25-HCC to that de- 
rivative of the vitamin which is directly ac- 
tive at the renal tubular cell level. This hy- 
pothesis would also explain the lack of ef- 
fect of large doses (up to 25 units per hour) 
of the metabolite in the absence of PTH. 
The phosphaturia which occurred with 
massive doses of 25-HCC may well have 
reflected alterations induced in bone (23) 
or in the renal tubular cell (24) which, at 
this dosage level, may not require further 
metabolism of the 25-HCC (23). 

As to the necessity for some form of the 
vitamin being present if PTH is to effect a 
phosphaturia, the existent experimental 
observations are conflicting. Harrison and 
Harrison described only an equivocal al- 
teration in phosphate excretion after PTH 
in D-depleted animals, whereas repletion 
with 500 units of vitamin D 18 hours prior 
to hormone injection restored the (sub- 
stantial) phosphaturic effect of the PTH 
(5). Similar conclusions were reached by 
Suh, Frasier, and Kooh, on the basis of im- 
proved renal responsiveness to PTH after 
vitamin D2 administration in a patient with 
pseudohypoparathyroidism (10). Rasmus- 
sen and his colleagues originally reported 
that vitamin D was not required for the 
production of a phosphaturia by PTH (3, 
5) although they later demonstrated that 
vitamin D-repleted rats did exhibit greater 
phosphate excretion in response to a stan- 
dard dose of hormone, as was the case also 
when D-deficient animals were fed a high 
calcium diet (5, 25). An important reason, 
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opment of reduced phosphate excretion in 
response to the combined administration 
of 25-HCC at 1 unit per hour and PTH at 
0.2 unit per hour (whereas neither agent 
was effective alone) lends additional cre- 
dence to the concept that at this minimal 
dosage level both substances are required 
for the biological effect of the metabolite 
to be expressed. This delay could reflect ei- 
ther the time required for further metabol- 
ic conversion or the necessity for tran- 
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phosphaturia, the existent experimental 
observations are conflicting. Harrison and 
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teration in phosphate excretion after PTH 
in D-depleted animals, whereas repletion 
with 500 units of vitamin D 18 hours prior 
to hormone injection restored the (sub- 
stantial) phosphaturic effect of the PTH 
(5). Similar conclusions were reached by 
Suh, Frasier, and Kooh, on the basis of im- 
proved renal responsiveness to PTH after 
vitamin D2 administration in a patient with 
pseudohypoparathyroidism (10). Rasmus- 
sen and his colleagues originally reported 
that vitamin D was not required for the 
production of a phosphaturia by PTH (3, 
5) although they later demonstrated that 
vitamin D-repleted rats did exhibit greater 
phosphate excretion in response to a stan- 
dard dose of hormone, as was the case also 
when D-deficient animals were fed a high 
calcium diet (5, 25). An important reason, 
as well as the most likely explanation for 
this apparent discrepancy between their 
studies and ours presented here, is the fact 
that the dose of PTH used by Rasmussen's 
group (5 Ag per hour, approximately 
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equivalent to 10 units per hour of our hor- 
mone preparation) must be considered to 
be above the physiologic range. 
JULES B. PUSCHETT, WILLIAM S. BECK, JR. 
Allegheny General Hospital and 
University of Pittsburgh, 
Pittsburgh, Pennsylvania 15212 

ADAM JELONEK 
Institute of Pediatrics, Krakow, Poland 
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Similarly, conflicting results have been re- 
ported for the relative potency of d- and l- 
amphetamine in eliciting stereotypy (which 
refers to the continuous repetition of be- 
haviors such as sniffing, licking, and gnaw- 
ing). Scheel-Kruger (3) found that, rather 
than being approximately equivalent to 
/-amphetamine in eliciting stereotypy, 
d-amphetamine is four to six times more 
potent. These discrepancies may be due, 
at least in part, to an incomplete char- 
acterization of the effects produced by am- 
phetamine. In most studies the time pa- 
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Behavioral Characterization of d- and 

/-Amphetamine: Neurochemical Implications 

Abstract. Various doses of d- and I-amphetamine affect the temporal pattern of rat be- 
havior in the following ways: First, the patterns of activity produced by d- and 1-ampheta- 
mine are similar but out of phase; that is, the response to d-amphetamine has a relatively 
shorter latency whereas the effects of 1-amphetamine persist for longer periods of time. 
Second, d-amphetamine is approximately five times as potent as 1-amphetamine in its ef- 
fects on both the total amount of locomotor activity and the duration of stereotypy. Both 
amphetamine-induced locomotion and stereotypy may be mediated by the same neu- 
rochemical mechanisms. 
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