
after antidepressant treatment. The abili- 
ty of cis-vaccenic acid or colchicine to 
increase Gpp(NH)p activation of cyclase 
in membranes from control but not treat- 
ed animals is consistent with the idea 
that G unit-catalytic moiety interaction 
is already enhanced in the latter. 

The possibility that such an enhanced 
interaction is associated with antidepres- 
sant action is suggested by the finding 
that the effect is induced by typical and 
atypical tricyclic antidepressants as well 
as by ECT. Moreover, long-term treat- 
ment is required for the effect to become 
manifest. 

Since a facilitated G unit-catalytic 
moiety interaction is generally associat- 
ed with enhanced hormone responsive- 
ness (16), the present results appear to 
be inconsistent with the observation that 
ECT or tricyclic antidepressants de- 
crease norepinephrine-stimulated accu- 
mulation of cyclic AMP in brain slices (4, 
5).  However, the a2-adrenergic receptor 
system is regulated by guanyl nucieo- 
tides (22) and may inhibit adenylate cy- 
clase in a GTP-dependent manner (23). 
Thus, enhanced G unit-catalytic moiety 
interaction might augment a*-adrenergic 
inhibition of cyclase by norepinephrine 
and thereby reduce the net stimulation of 
cyclic AMP accumulation in brain slices 
by norepinephrine (24). 

Repeated ECT markedly enhances the 
stimulation of cyclic AMP levels in corti- 
cal slices by norepinephrine in the pres- 
ence of adenosine (25). Similarly, recent 
electrophysiological and behavioral 
studies have shown enhanced a-adrener- 
gic (26), serotonergic (27), and dopamin- 
ergic (28) responsiveness in the brain 
after long-term antidepressant treat- 
ment. It would be of particular interest to 
examine the role of G unit alterations in 
these effects as  a means of integrating 
data on receptor blnding wlth data on the 
physiological and behavioral effects of 
antidepressant treatment. 
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Abstract. The biologicully active fragment of parathyroid hormone, consisting of 
residues 1-34, and its in vitro antagonist, fragment 3-34, were ildministered 
separately or in combination to chronically thyroparathyroidectomized dogs. These 
fragments were a l ~ o  studied in vitro with dog renal cortical membranes. Fragment 3- 
34 inhibited the stimulation of adenylate cyclase by fragment 1-34 in vitro, but had 
no agonist or antagonistic e fec t s  on renal phosphate transport in vivo. 

The native bovine parathyroid hor- 
mone (bPTH) molecule is a single-chain 
polypeptide of 84 amino acids. Many of 
its biological effects, however, can be 
reproduced by the first 34 residues at  the 
amino terminus, bPTH-(1-34) (1, 2). The 
1-34 fragment can thus increase urinary 
phosphate excretion ( I ) ,  increase the ex- 
cretion of adenosine 3',5'-monophos- 
phate (cyclic AMP) (I) ,  mobilize calcium 
from bone (1, 2), and stimulate the ade- 
nylate cyclase system in vitro in both rat 
renal cortex and calvaria (1, 2). Further- 
more, its potency is equal to that of the 
native molecule (on a molar basis) in 

most bioassays of parathyroid hormone 
action. Removal of the first two amino 
acid residues, to produce bPTH-(3-34), 
not only results in the loss of these 
agonist properties of the molecule, but 
produces a fragment that is antagonistic 
in vitro to both the 1-34 and 1-84 hor- 
mone molecule. This inhibitory effect 
has been demonstrated in the rat renal 
cortex adenylate cyclase system of the 
rat renal cortex (3, 4). Modification of 
the 3-34 fragment, [Nle-8, Nle-18, Tyr- 
34lbPTH-(3-34)-amide [sub-bPTH-(3- 
34)], produces a more potent and more 
stable antagonist (4). 
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In the studies described here we ob- 
served the action of the 3-34 fragment in 
vivo. Groups of chronically thyropara- 
thyroidectomized (TPTX) dogs were 
treated with the 1-34 compound alone, 
the 3-34 compound alone, or a combina- 
tion of the two in various concentration 
ratios. Urinary phosphate excretion was 
followed as a measure of biological activ- 
ity. Because this animal represents a 
new test system for the 3-34 fragment, 
we also studied the effects of the frag- 
ments on dog renal cortex preparations 
in vitro 

Clearance studies were performed in 
female mongrel dogs that had undergone 
thyroparathyroidectomy at least 48 
hours and up to 1 week before the ex- 
periment. The dogs were accepted for 
study only if the concentration of calci- 
um in their serum had decreased by at 
least 25 percent after parathyroid abla- 
tion, and if they had not received para- 
thyroid extract for the treatment of teta- 
ny for at least 48 hours before the experi- 
ment. The dogs were first given priming 
doses of inulin and p-aminohippurate 
(PAH) and were then infused with these 
substances. After an equilibration period 
of 1 hour, samples of blood and urine 
were collected. The urine samples were 
collected prior to the administration of 
the hormone fragments so that each ani- 
mal could serve as its own control. 
Blood was again obtained at the end of 
the control period. Three experiments 
were then performed in which the hor- 
mones were given as a bolus injection 
and then infused in the same quantity per 
hour for 2 hours. (i) Four dogs received 
bPTH-(1-34), as previously described 
( I ) ,  in a dose of 0.1 pgikg, and another 
four dogs received sub-bPTH-(3-34) (5). 
The data from these two sets of dogs 
were almost identical and were therefore 
pooled. (ii) Six dogs received different 
amounts of sub-bPTH-(3-34). One dog 
received 0.1 pgikg, three received 1.0 
pgikg, and two were given 10 pglkg. The 
results from these dogs were also the 
same and were therefore combined. (iii) 
Eight dogs received both the 1-34 and 3- 
34 hormone fragments. Unsubstituted 
bPTH-(1-34) was given in a dose of 0.1 
pgikg. Two dogs received sub-bPTH-(3- 
34) in a dose of 1.0 pgikg, and the other 
six received between 5.0 and 10.0 pgikg. 
Thus, the ratio of 3-34 to 1-34 ranged 
from 10:l to 100:l. The data from the 
three experiments and for the tests in 
vitro were analyzed by Student's t-test. 

The studies of bPTH-(1-34) and 
bPTH-(3274) in vitro were performed 
with a particulate fraction of dog kidney 
cortex according to methodology de- 
scribed previously (6, 7). Briefly, kid- 

Table 1. Effects of bPTH-(1-34) and bPTH-(3-34) on renal hemodynamics and phosphate 
excretion. The dogs in experiment 2 received between 0.1 and 10.0 kg of bPTH-(3-34) per 

Clearance (mllmin) 

Inulin PAH 
Excretion of 

phosphate (%) 

Control Experimental Control Experimental Control Experimental 
-- 

Experiment I .  Dogs received bPTH-(1-34). N = 8 
40.9 + 9.8 44.9 t 8.1 142.2 + 24.4 143.8 +- 21.1 5.38 + 1.66 23.02 + 3.95 

N.S. N.S. P < .005 

Experiment 2. Dogs received bPTH-(3-34). N = 8 
38.6 +. 8.78 43.3 + 8.49 150.9 + 25.6 141.0 + 25.8 4.19 ? 1.65 4.20 +- 1.54 

N.S. N.S. N.S. 

Experiment 3. Dogs received bPTH-(1-34) and bPTH-(3-34). N = 6 
58.5 t 6.34 56.2 + 5.95 147.1 2 16.4 149.5 +- 14.0 4.15 + 1.29 21.96 + 6.43 

N.S. N.S. P < .05 

neys obtained from chronically TPTX 
dogs were harvested and plunged into 
ice-cold saline. The cortical tissue was 
weighed and homogenized in 50 volumes 
(weight to volume) of buffer containing 2 
mM tris-HC1, pH 7.4, and 1 mM EDTA 
in a Polytron homogenizer. The homoge- 
nate was centrifuged at 25,000g for 10 
minutes. The supernatant fraction was 

removed and the pellet homogenized 
again in 50 volumes of 2 mM tris-HC1 
buffer, pH 7.4, and centrifuged. The sec- 
ond pellet obtained was resuspended and 
centrifuged. The final pellet (containing 
the membrane preparation) was sus- 
pended in 25 volumes of 2 mM tris-HC1 
buffer, pH 7.4, and then adenylate cy- 
clase activity in response to bPTH-(1- 
34), sub-bPTH-(3-34), or both, was mea- 
sured. Protein was determined according 
to the method of Lowry et al. (8). The 
concentration of bPTH-(1-34) was 
2.4 x 1 0 - ' ~  (0.01 pg per tube) and 2.5 
x M (1.0 pg per tube) of 1-34 and 
3-34, respectively. 

Infusion of the 1-34 fragment (0.1 kg/ 
kg) into chronically TPTX dogs regularly 
resulted in a phosphaturia. There was no 
alteration in renal hemodynamics. The 
increment in the mean percentage of 
filtered phosphate excreted was from 
5.38 * 1.66 to 23.02 -t 3.95 (P  < .005) 
(Table 1, experiment 1). This was reflect- 
ed in the greater than fourfold increase in 
absolute phosphate excretion (see Table 
1). Serum phosphate declined, but the 
filtered load of phosphate was unaltered 
from the control to experimental phases 
of the study. Neither did the concentra- 
tion of ultrafilterable serum calcium 
change significantly. 

In contrast, doses of bPTH-(3-34) as 
high as 10 pgikg had no effect on either 
absolute or percentage phosphate excre- 
tion (Table 1, experiment 2). As with the 
1-34 fragment, glomerular filtration rate, 
determined as the clearance of inulin, 
and effective renal plasma flow, estimat- 
ed as the clearance of PAH, were unal- 
tered by the infusion of bPTH-(3-34). 
None of the other parameters under 
study were changed by the infusion of 

Fig. 1. Determinations of adenylate cyclase 1, experiment 3, the mean excretion of 
activity in vitro in response to bPTH-(1-34), 
bPTH-(3-34), or both. The 1-34 fragment was phosphate increased from 4'15 
present in a concentration of 0.01 we: per tube. 21.96 6.43 Percent (P  < ,051 (Table 
ind the 3-34 fragment, 1.0 kg per %be. 1). Therefore, even though given in 
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kilogram; those in experiment 3 received, per kilogram, 0.1 kg of bPTH-(1-34) and between 1.0 (10). Therefore, the 3-34 fragment may 
and 10.0 pg of bPTH-(3-34); N.S., not significant. have antagonist properties at higher 

Absolute phosphate Serum phosphate doses or may affect PTH actions other 
Filtered phosphate load 

excretion (pmolelmin) (pmolelml) (pmolelmin) than phosphaturia (13), or the phospha- 
turia may be mediated by mechanisms 

Control Experimental Control Experimental Control Experimental other than the adenylate cyclase system. 

Experiment 1. Dogs received bPTH-(1-34). N = 8 
JOHN A. MCGOWAN 

3.02+ 1.15 14.16 + 3.15 1 . 9 6 2 0 . 0 8  1 . 5 7 t 0 . 0 9  79.11 220 .55  63.11 t 11.67 TAI C. CHEN 
p < .01 P < ,001 N.S. JORGE FRAGOLA 

Experiment 2 .  Dogs received bPTH-(3-34). N = 8 JULES B. PUSCHETT 
1.97 + 0.68 2.51 2 1.30 1.51 2 0.18 1.27 + 0.13 56.5 2 14.2 52.5 + 9.69 Renal-Electrolyte Division, 

N.S. N.S. N.S. University of Pittsburgh 

Experiment 3.  Dogs received bPTH-(1-34) and bPTH-(3-34). N = 6 School of Medicine, 
3.91 + 1.32 11.25 2 2.51 1.65 * 0.076 1.16 + 0.14 86.8 + 8.08 61.5 + 7.02 Pittsburgh, Pennsylvania 15261 

P < .05 P < .01 P < .02 MICHAEL ROSENBLATT 

Endocrine Unit, 
Massachusetts General Hospital, 
Boston 02114 

amounts of up to 100 times that of the 1- bPTH-(1-34) (9). There are two possible 
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These data verify that sub-bPTH-(3- 
34) inhibits the stimulation of adenylate 
cyclase by the 1-34 fragment in a mem- 
brane fraction obtained from dog renal Bleaching of Rhabdoms in Eyes of Intact Butterflies 
cortical tissue, and are similar to data 
obtained previously with homogenized Abstract. The photochemistry of butterjy rhabdoms has properties that had been 
tissue (6) .  Nevertheless, when intro- associated exclusively with the photoreceptor organelles of vertebrates. Noninvasive 
duced in vivo, the 3-34 fragment did not measurements of the absorbance spectra of rhabdoms in intact butterflies show that 
prevent bPTH-(1-34) from having its their rhodopsins are converted by light to  metarhodopsins that decay from the 
usual biological effect, that is, a phos- rhabdom in the dark. A total bleach is possible because the $rst-order decay of 
phaturia. Thus, the phosphate excretion metarhodopsin is considerably faster than the kinetically more complicated recovery 
of 21.96 percent in those dogs given both of rhodopsin. 
the 3-34 and 1-34 fragments was similar 
to that obtained in the animals given only Rhodopsins of vertebrates are con- tion of light. Rhodopsins of invertebrates 
bPTH-(1-34) (23.02 percent). verted by light to metarhodopsins that are also converted by light to metarho- 

The discrepancy in the results ob- are unstable, decaying with the dissocia- dopsin, but work to date indicates that 
tained with bPTH-(3-34) in vitro and in tion of chromophore from protein. Since invertebrate metarhodopsins are  ther- 
vivo are difficult to explain, especially the dissociated components of the meta- mally stable; the two stable states R 
since the analog binds to canine renal rhodopsin are colorless, a vertebrate (rhodopsin) and M (metarhodopsin) can 
receptor sites with an avidity equal to rhodopsin is said to bleach after absorp- be interconverted by light many times, 
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