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stances is the same. E (caerulein) is the most potent 
stimulant followed by A (CCK-8), B, C and D. In an 
additional experiment the analogues were administered in 
high doses up to 3600 pmoles /kg-h .  Under these condi- 
tions their effect was similar to the maximal response 
obtained with CCK-8. 
Discussion. CCK-8, like CCK, stimulates mainly pancreatic 
protein secretion; volume and bicarbonate are stimulated 
to a much lesser degree. None of the 3 analogues reached 
the potency of CCK-8 for any parameter of exocrine 
pancreatic secretion. The substi tut ion.of  methionine by 
methoxinine in position 3 (analogue B) already weakens 
the potency of  the octapeptide. This is in contrast to the in 
vitro results obtained on guinea-pig gall bladder strips in 
which this analogue showed almost the same ECs0 as CCK- 
81~ The substitution in position 6 (analogue C) induces a 
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considerable reduction of the biological activity, and conse- 
quently with double substitution in positions 3 and 6 most 
of the activity is lost (analogue D). This reduction was even 
more pronounced in the in vitro assays 1~ where analogues 
C and D showed only 5 and 2% respectively of the CCK-8 
potency. However the sequence of the analogues with 
respect to potency is the same in both systems. Since all 
compounds produced the same maximal effect they must 
be considered full agonists with respect to exocrine pan- 
creaticsecretion, differing from each other mainly in their 
affinity for the receptor. This conclusion is fully Supported 
by the in vitro studies. 
The decapeptide caerulein was, on a molar basis, 1.8 times 
more potent than CCK-8 in stimulating pancreatic protein 
secretion. This is somewhat lower than the factor 3 pub- 
lished previously by Grossman's group 11. 
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Supersensitivity after intraventricular 6-hydroxydopamine: Relation to dopamine depletion 1 
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Summary. 6-Hydroxydopamine increased behavioral response to L-DOPA in proportion to the decrease of  dopamine 
(DA) and DA uptake in rat striatum. The increased response to apomorphine, however, only occurred after > 80% DA 
loss. Thus, 6-hydroxydopamine may induce postsynaptic changes only following large lesions. 

Animals sustaining large lesions of central dopamine (DA) 
- containing neurons show increased responsiveness in 

"various behavioral tests to certain dopaminergic agonists, 
including L-DOPA and apomorphine 2-8. In rats with dif- 
ferent magnitudes of DA depletion, produced by intraven- 
tricular administration of the neurotoxin, 6-hydroxydop- 
amine (6-HDA), we have recently found that an increased 
response to L-DOPA occurred even when the loss of DA 
was relatively small, whereas an increased response to 
apomorphine required a large depletion 7,8, We now explore 
the basis for these observations and discuss their implica- 
tions for the recovery of function seen in rats after damage 
to central dopaminergic neurons. 
Male Sprague-Dawley rats (Zivic-Miller Labs) weighing 
200-250 g at the start of each experiment were house singly 
and given food pellets and water ad tibitum. 6-HDA 
hydrobromide (50-250 pg, doses expressed as units of free 
base) or its vehicle (0.9% NaC1, 0.1% ascorbic acid) was 
administered into the lateral ventricles 9. 30 rain prior to 6- 
HDA or vehicle injections, animals were given pargyline 
(50 mg/kg, i.p.), to potentiate the effects of 6-HDA on 
dopaminergic terminals, and desmethylimipramine 
(25 mg/kg, i.p.), to protect noradrenergic terminals from 
destruction. Most rats appeared  normal within 1-2 days. 

However, some animals receiving the higher doses (200- 
250 gg) became aphagic and required intragastric intuba- 
tion of liquid diets and/or  access to highly palatable foods 
for several days before they could maintain their body 
weight on pelleted chow and water. Behavioral and bio- 
chemical measurements were made 40-60 days after lesion- 
ing. 
When treated with L-DOPA (60 mg/kg, i.p.), most of the 6- 
HDA-treated animals were more responsive than control 
rats. In contrast, only animals receiving the largest amounts 
of 6-HDA were at all responsive to apomorphine (0.05 mg/ 
kg, i.p.). When DA depletions (measured 1 week later 1~ 
were compared to performance during this behavioral test, 
the motor activity induced by L-DOPA was found to 
increase with increasing loss of DA throughout a broad 
range of  brain damage, while an increased response to 
apomorphine was seen only in animals whose DA deple- 
tions were greater than 80% (figure 1). These results con- 
finn and extend our previous studies in which lesion- 
induced changes in the dose-response curves for these 
agonists were examined 7,8. 
In a 2nd group of  rats we assessed high affinity DA 
uptake 1l, an index of DA transport, or DA-stimulated 
adenylate cyclasO 2, an index of target cell responsiveness. 
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Lesioned animals showed a decreased accumulation of 
H3DA (0.5-2.0 FM) into synaptosome-rich P2 fractions of 
striatal homogenates. A kinetic analysis indicated that this 
was attributable to a decrease in the apparent Vma ~ which 
was closely correlated with the change in endogenous DA 
content of the tissues (r=0.92, p < 0.001). There was no 
change in the Kt for DA transport (1.3 ~tM). We also 
observed a 2-fold increase in the ability of DA to stimulate 
cAMP production in striatal homogenates prepared from 
rats with a severe DA depletion of 91_+2% (figure 2). On 
the other hand, in 4 animals with more moderate DA 
depletions (range, 36-59% depletion) the effect of DA 
(100 pM) on adenylate cyclase was identical to that ob- 
served in control rats. 
DA, the presumed active metabolite of exogenous L- 
DOPA 4, is inactivated primarily by high affinity uptake 
into dopaminergic terminals 13. Our observation that in vitro 
H a DA accumulation and responsiveness to L-DOPA are 
both correlated with the loss of endogenous DA suggests 
that behavioral "supersensitivity" to L-DOPA resulted 
from a loss of these uptake sites, especially in animals 
whose DA depletions did not exceed 80%. In contrast to L- 
DOPA, apomorphine acts directly on DA receptors 14 and is 
probably not inactivated by high affinity transport. Thus, 
increased responsiveness to apomorphine is presumably 
indicative of an increase in the sensitivity of target cells to 
dopaminergic agonists. Our behavioral and biochemical 
findings suggest that this occurs only after extensive loss of 
DA, and comparably large DA depletions also were present 
in allprevious studies indicating postsynaptic supersensitiv- 
ity2,3,5,15,17. 
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Fig. 1. Behavioral response to L-DOPA (O-----t, 60 mg/kg, i.p.) 
and apomorphine (O . . . .  �9 0.05 mg/kg, i.p.) as a function of 
residual DA in rats lesioned with 6-HDA (50-250 pg, intraventricu- 
lar) 30 min after desmethylimipramine (25 mg/kg, i.p.) and 
pargyline (50 mg/kg, i.p.). Motor activity was measured in 
individual cages (38 cm 2 x 17.5 cm high) equipped with a photo- 
beam 6.5 cm above the floor. Photobeam interruptions were 
counted for 1 h beginning 5 min after drug administration. All 
animals given L-DOPA had received RO4-4602 (50 mg/kg, i.p.) 30 
rain previously to inhibit peripheral decarboxylase. Basal activity 
was unaffected by vehicle injections (0.9% NaC1, with 1% asorbic 
acid for L-DOPA) and was similar for control and lesioned rats. 
Dopamine levels are presented as a percentage of the mean control 
value (9.4 Fg/g fresh weight). The depletion of norepinephrine in 
whole telencephalon did not exceed 13% in any animal. Each value 
represents an individual animal. 

The behavioral effects of 6-HDA-induced lesions depend 
largely on the extent of the DA loss. Rats having DA 
depletions smaller than 90-95% have few gross dysfunc- 
tions, whereas rats with larger lesions become akinetic and 
show marked sensory neglect. These symptoms may gradu- 
ally diminish, but residual behavioral deficits to acute, 
intense challenges persist. For example, such animals no 
longer increase their food intake in response to insulin or 2- 
deoxy-D-glucose, nor do they drink during the cellular 
dehydration which follows the administration of hypertonic 
saline (see Stricker and Zigmond 18 for review). Our present 
findings have several implications for these observations. 
First, the absence of an increase in target cell sensitivity in 
animals with DA depletions less than 80% suggests that the 
postsynaptic cells continue to receive dopaminergic input. 
This may be facilitated by the increase in DA turnover in 
residual terminals ]9,2~ and by an increase in diffusion of 
DA resulting from the loss of reuptake sites. Second, the 
apparent increased responsiveness of these cells in animals 
with DA depletions exceeding 80% suggests an early period 
of reduced DA receptor activation. The resulting disruption 
in dopaminergic transmission may underlie the gross behav- 
ioral dysfunctions initially observed after the lesion, while 
the progressive development of increased postsynaptic sen- 
sitivity ~'~ may contribute to the gradual recovery of func- 
tion. Finally, the inability of lesioned, animals to behave 
appropriately when stressed may indicate that the presence 
of postsynaptic supersensitivity does not insure the return 
of normal function. We have observed that exposure to 
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Fig. 2. DA-sensitive adenylate cyclase activity in control animals 
( ~ )  and animals treated with 150-250 pg 6-HDA (Jk --A ) 
(average DA depletion, 91% of control). The striatum was homoge- 
nized in 80 mM Tris maleate, pH 7.4 containing 2 mM MgSO4 and 
0.5 mM EGTA and was incubated at 30~ with aminophylline 
(10 mM), phosphocreatinine (20 raM), creatinine phosphokinase 
(100 anits/ml) and ATp-14C (1 raM; 0.5 pCi), each component 
being made up in the Tris maleate MgSO4-EGTA buffer (final 
volume, 120 gl). After 2.5 rain, the reaction was terminated by 
boiling for 3 rain. (Blanks were boiled without prior incubation). 
Next, 800 pl H20 was added to each tube and the sample 
transferred to an alumina column (1 g unpurified alumina equili- 
brated with 60 mM Tris-HC1 buffer, pH 7.4 and placed on a 8 mm 
inner diameter column). The sample was then eluted with 2 ml 
Tris-HC1 onto a Dowex column (3 cm• 8 mm of Dowex AG 50W 
resin previously washed with 1 M NaOH and 1 M HC1 and then 
with H20 until neutral). The Dowex was washed with approx- 
imately 1.8 ml H20 and then eluted directly into counting vials with 
approximately 4 ml H20. Values are the increase in adenylate 
cyclase activity above baseline, which was 104.14-3.3 pmoles/mg 
protein/rain for control rats, 104.0_+ 5.6, for 6-HDA rats. Each 
value represents a mean + SEM for 12 animals. 
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stressors such as 2-deoxy-D-glucose is accompanied by an 
increase in DA turnover 21'22 while the normal  behavioral  
response to such challenges is blocked by DA receptor 
antagonists 23'24. Perhaps the persistent behavioral  deficits 
seen in lesioned rats result because of an inabili ty to 
provide sufficient DA in response to increased need. 
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Effect of fluoride administration on renal g lucose-6-phosphatase  activity in rats ~ 
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Summary. Renal  glucose-6-phosphatase activity was found to be significantly elevated by fluoride administrat ion (NaF 35 
mg/kg, i,p.). The elevation of the enzyme activity was markedly suppressed by adrenalectomy. 

Taylor et al 2. reported an increase in urinary excretion of 
glucose after a dose of fluoride (NaF 20-30 mg/kg, i.v.). 
Shearer 3 found increases in kidney glucose in rats receiving 
25 mg/kg NaF  i.p. Net glucose liberation from gluconeo- 
genic tissues of the liver and kidney was believed to be 
controlled through glucose-6-phosphatase 4. The present 
study was designed to examine the effect of  fluoride on the 
renal glucose-6-phosphatase activity in rats given a single 
dose of NaF  (i.p.). 
Materials and methods. Male Wistar albino rats weighing 
about 100 g were maintained on the MF basal diet (pur- 
chased from Oriental Yeast Ind., Japan) and water ad 
libitum. The animals were maintained at a temperature of 
22 ~ for a m in imum of a week. All animals were fasted for 
24 h before the experiments in order to minimize the effects 
of glucose absorption from the bowels and to stabilize the 
urinary excretion of glucose. The rats were sacrificed at 
various intervals after a single i.p. administration of NaF  
(0, 10, 20 or 35 mg/kg).  NaF  (35 mg/kg,  i.p.) was injected 
into rats 2 days after adrenalectomy or parathyroidectomy. 
Microsomes were prepared according to the method of 
Jorgensen 5. At the time of sacrifice, the rats were anesthe- 
tized with ether and killed by cardiac puncture. The kid- 
neys were removed and the tissues (1 g) were immediately 
homogenized in a Potter-Elvehjem teflon-glass homogeniz- 
er with 5 ml of ice-cold 0,25 M sucrose-0.03 M histidine 
buffer (pH 7.2). Reproducible preparations of the heavy 
microsomal fraction were obtained by centrifugation 
(25,300 x g, 30 rain) of supernatant  after sedimentation of 
the mitochondria at 10,800• g for 30 min. The preparations 
of the heavy microsomal fraction (1 mg of p ro te in /ml  of 

0.25 M sucrose-0.03 M histidine buffer, pH 7.2) were stored 
in a refrigerator ( - 2 0  ~ Glucose-6-phosphatase activity 
was determined according to the method of Swanson 6. 
Protein was determined by the method of Lowly et al. 7. 
Glucose-6-phosphate (disodium salt) was obtained from 
the Sigma Chemical Co. (St. Louis, USA). 
Results and discussion. The responses of renal glucose-6- 
phosphatase activity to different doses of fluoride were 
examined as shown in the figure, a). Increasing doses of  
fluoride caused a more pronounced increase in renal glu- 
cose-6-phosphatase activity. The changes in renal glucose- 

Effect of fluoride administration on renal glucose-6-phosphatase 
activity in intact, adrenalectomized and parathyroideetomized rats 

Treatment Glucose- 6-phosphatase T/N 
activity (moles/rag 
protein/rain) 

Intact None (normal) 102.1_+ 20.2 1 
Fluoride 300.3 _+ 131.5 2.94* 

PTX None 36.4+ 9.4 0.36 ~ (1) 
Fluoride 105.7_+ 25.7 1.04 (2.90) 

AX None 60.7_+ 6.7 0.59 ~ (1) 
Fluoride 46.0_+ 1.2 0.45 ~ (0.76) 

The animals were killed 3 h after the fluoride dose (35 mg/kg, i.p.). 
Values are averages obtained from 4-6 rats _+ SE. T/N: ratio of 
treatment of fluoride or - ectomy against normal rats, ~P < 0.01. 
Numbers in parentheses are relative values of respective controls. 
PTX: parathyroidectomized rats, AX: adrenalectomized rats. 


