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oZQ and CAMP levels were measured in the duodenal mcosa of 12-day-old 
chicks that had been raised frcm hatching in vitamin D-deyleting conditions 
and at the time of use were moderately h-lcmic. After administration of 
a dose (250 ng) of 1,25-dihydro~cholecalciferol, the CAMP levels increased 
about tmfold in 2-3 hr and returned to control levels between 4 and 6 hr. 
Our data suggest that 1,25-dihydroxycholecalciferol behaves like other ste- 
roid hormones which induce an early rise in o?W in their respective tarqet 
tissues. 

Various effects of steroid hormones on the concentration of cyclic nu- 

cleotides in their respective target tissues have been smmxc ized inarecent 

review (1). Amnq them, a striking I>hencmenon is the estrcqen-induced rise 

in &XP observed in both the imature rat uterus and the differentiating 

chick oviduct (2, 3). A similar effect has been described in the rat adrenal 

cortex after administration of dexamethasone (4). 

1,25 (OH)2 D3 has been demonstrated to be the hormnally active form of 

vitamin D, and its mchahism of action is like that of other steroid homnes 

(5). The small intestine mucosa is, toqether with bone, kidney and prathy- 

roid, one of the target organs for 1,25 (OH)2 D3. A stimulation of calcium 

tianspxt and a rise in brush border enz;lme activity followed much later by 

trophic effects on the length of the intestinal villi, are induced by the 

a&ninistration of 1,25 (OH)2 D3 to vitamin D-deficient animals (6). 

Previous reports have focused on a protracted and relatively mdest 

increase of CAMP in the chick or rat mall intestine after administration of 

'BTIONS : 

I,25 (OH)2 D3, 1,25-dihydroxycholecalciferol ; 25 OH D, 25-hydroxvvitamin D. 
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1,25 (OH)2 D3 (7, 8). In the present study, we report an earlier rise in 

-E level in the duodenal mucosa of vitamin D-deficient chicks after aM- 

nistration of a physiological dose of 1,25 (OH)2 D3, 

hilt&S 

One-day-old VJarren cockerels were supplied by SE'PA, Lorris, France. They 
were put on a vitamin D-free diet amtaining 0.8 % Ca and 0.3 % P (C N R 2, 
LaMiniPre, France) and taowater adlibitm. Theyweremaintainedunder 
W-deprived constant lighting until the age of twelve cays. 

wrinental procedures 

The chicks were killed by cervical dislocation and the blood collected for 
serum calcium determination. The proximal part (5 cm) of the duodenal 100~ 
was excised. and washed with chilled saline. The rmcosa was then quickly scra- 
ped and frozen in dq ice. Next, it was lyophilized and weighed. A solution 
of 1,25 (OH) D3 (kindly donated by Dr M. Uskokovic, Rcxhe Laboratories, 
Nutley, New 3 ersey, U S A) in 50 % saline/ethanol was administered by in 
injection in the thigh. 

Assay for cyclic nucleotides 

The lyophilized mucosa was hcaqenized by sonication in cold N Hc104..After 
centrifugation the sqperna taut was alcalinized with 9 M KDH. The precipitate 
of KC10 was separated by centrifugation and the supernatant used for m?clic 
nucleoi?de assay. Both cyclic nucleotides were determined by radioimnunoassay 
(9, 10). The excellent specificity of the antibodies used (cross-reactivity 
between succinyl CAME) and succinyl cAMP and succinyl &MP less than 0.01 %) 
allowed direct measurement of the cyclic nucleotides without any previous 
separation. 

Biochemical determination 

The pellets obtained after El0 
0 

precipitation were dried,dissolved in 0.1 N 
NaOH and diluted for protein de em&nation (If). 
Serum calcium was determined by using Corning Calcium Analyzer model 940. 
Serum 25-OH D levels were determined by radioompetitive protein binding 
assay (12). 

Statistical analysis 

The values frm hormone-treated chicks were analyzed statistically by 
Student's t-test for paired data versus control animals. 

RESULTS 

&XP andcA!@levels~~emeasured in theducdenalmcosabeforeandat 

different times after 1,25 (OH)2 D3 administration. The results of txm dis- 

tinct experiments are presented in Table 1. The base values were around 0.8 
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TMIAEJl :cYcLIc IWCLWIIDELEVELSINTHE 

lXJ0JXtRT.a MCCOSA OF VJTAMIN D-DEFICIENT CKCCKS, 

EFFECT OF 1,25 (OH)2 D3 PLMINI~TIOPJ. 

Untreated 
control 

1,25 (OH)2 D3a 

Untreated 
control 

Vehicle 
control 

1,25 (OHI D3a 

Time after 
injection 

hOUrS 

3 

1 

2 

2 l/2 

3 

4 

8 100 + 10 

78 + 11 

208 + 39' 

128 + 12 

55+ 9 

n CrMp 
% of control 
meantSEM 

14 100+ 9 1002 6 

6 89 + 13 107 +_ 9 

8 132 + 25 

8 136 + 28 

8 165 f  lgd 

7 169 + 23d 
8 157 k 31 b 

113 + 11 

1215 6 

116 f_ 4 

111 _f 9 

120 + 8 

% of control 
rwan+SEM 

1002 9 

1202 7 

117 2 11 

101 2 10 

143 f  10d 

a 1,25 (OHj2 D in 50 % ethanol-saline (250 ny/chick) was injected intra- 
muscularlya zerotkte. 2 

b p < 0.05 for difference between this group value and the corresp3nding 
control value. 

c ~~0.02 for difference between this group value and the corres~nding 
cont.rolvalLle. 

d ~~0.01 for difference between this group value and the corres~ndiny 
control value. 

ple/mq protein for cGP and 10 mle/mg protein for cA?P. A significant 

increase in awas observed at2 hrdwinq ~immtl, and at21/2 hr, 

3 brand 4 hrdurinqexpriment2. Inboth~simnts theonsetof&m? 

increase was delayed by about l-2 hr. The CAMP levels remained at the control 

values except fo:: a significant increase at 6 kr during expzrimnt 1. Pigme 

lshcms the intestinal&P and sermcalciumwhichwererwaswed durinq 

-rimant 2. Serum calcium, the base levels of tiich appear mderatelv lm 
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Figure 1. Tim course of changes in levels of duodenal. CCTP and serum 
calcim Fn vitamin D-deffcient 12-day-old chicks. c(TP and 
c&z&a were measured at varicms tim intervals after a single 
im injection of 1,25 (OH) D (250 ng in 50 % ethanol-saline/ 
chick). The variation indxa ed is 5 E M. l CaP Level in 2 I 
vehicle-injected controls. For the statistical significance of 
the results, see 'Table 1 experinent 2. 

(mean 6.76 mg/lOO ml i.e. 1.69 m) was significantly increased at 4 hr. AS 

shown in Figure 1, injection of the vehicle alone did not mdify the cC?.P 

levels. The 25-OH D serum levells, concurrently determined to assess the 

effectiveness of vitamin D dep:Letion, were undetectable (< 1 rig/ml). 

DISCUSSION 

The existence of an effect of 1,25 (OH)2 D3 on the cellular concentrations 

of CAMP in the small intestine was investigated scm years ago. In vivo stu- 

dies had indicated a modest elevation of cAlQ (around 150 % of the control 

values) which was manifest at 6 hr and persisted for 24-48 hr (8). Our re- 

sults (seeTable experimentl) , showing an increase at 6 hr, are in agreesent 

with that data. The present findings are related to previous works dealing 

with the effects of estrogens on qclic nucleotide levels in the uterus : 

sme authors (2, 13) reported a consistent and significant increase in rat 

uterine -IF following estrogen administration. This observation was confir- 

II& by using the chick oviduct (3). On the same token, an elevation in GYP 
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has been shown tooccur in the ratadrenalcortex afterdexarethasone admi- 

nistration (4). 

The rise in cir,P that we report in the chick intestine exhibited a 

similar pattern with a delayed onset, a peak reachedbetween 2-3 hrafter 

injectionanda return tocontrolle~els at 6 hr.Meanwhile, the cAY? levels 

were not significantly altered except for the late increase at 6 hr. The IKI- 

destbutsignificantdecrease in CAMDpreviously found inboth theuterus and 

the adrenalcortexwas not seen in this case. 

The mechanism as well as the significance of the uterine &PIP increase 

are only beginning to be elucidated : a UIW relationship between &TIP rise 

and uterine wet weight increase has been hpthesized (13). Furthemrxe, a 

dependency of the estrogen-induced increase in uterine cGIi? upn the estrogen 

cytosol-nuclear receptor systgn has been prqosed, since a depletion in free 

cytosol receptors suppresses that increase (14). Although it would be prerna- 

ture to draw definite conclusions about the 1,25 (OH)2 D3-induced intestinal 

&VP increase, we can observe hmever, that the cCPP reqzonse is an early 

event as ccqxxed to a) the stimulation of intestinal calcium transport 

which culminates at 8-10 hr (15), b) the accumulation of CaEP which is 

IMximal at 24-48 hr (15) or c) the trop!-& effects which are seen later 

(6). On the other hand, it should be recalled that the saturation of the 

intestinal chrcanatin receptor with injected tritiated 1,25 (OH)2 D3 is 

obtained at 3 hr, that is, at the sag tine as the cQP response suggesting 

the possible role of the I,25 (OIi)2 D3-receptor ccqlex in the induction of 

the cG!Q increase (5). 

Ccqonents of the GXP system, guanylate cyclase (16) and cSQ phospho- 

die&erase (17) are present in the brush border rilembrane of intestinal cells. 

ii?rnunohistoch&cal studies have S~CXNI-I bound &XT!? lccallzed at the brush 

border membrane and in the nuclei of villous cells (18). These data evoke 

possible sites of action for the 1,25 (OH)2 D3-induced oXP accumulation in 

the chick intestinal cells. 
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