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Abstract. Helodermin and helospectin are peptides structur- 
ally similar to vasoactive intestinal polypeptide (VIP) which 
were recently isolated from the salivary gland venom of the 
lizard Heloderma suspectum. Pituitary adenylate cyclase- 
activating polypeptide (PACAP) has been isolated from 
ovine hypothalamus and also shows sequence homology to 
VIP. A helodermin-like peptide has been detected by com- 
bined immunohistochemical and immunochemical tech- 
niques in the thyroid C-cells. In the present study, lizard 
helodermin was found to cause a time- and dose-dependent 
stimulation of cyclic AMP (cAMP) formation in neonatal 
mouse calvarial bones. Also, helospectin I, PACAP 27, and 
the C-terminally extended PACAP 38 stimulated cAMP ac- 
cumulation in the mouse calvariae. The cAMP rise in re- 
sponse to helodermin was comparable to-that induced by 
VIP, both in terms of potency and magnitude of the re- 
sponse. Helodermin, helospectin I, PACAP 27, and PACAP 
38, at concentrations of 1 txmol/liter, stimulated cAMP accu- 
mulation in enzymatically isolated mouse calvarial bone 
cells. A significant response to all peptides was observed in 
both early and late released bone cells isolated from the 
calvariae, with low and high alkaline phosphatase activity, 
respectively. Helodermin and VIP stimulated cAMP accu- 
mulation in the cloned mouse calvarial osteoblastic cell line 
MC3T3-E1, in ra t  (UMR 106-01), and human (Saos-2) osteo- 
blastic osteosarcoma cell lines, but not in the rat osteosar- 
coma cell line ROS 17/2.8. The effect of helodermin was 
synergistically and dose-dependently enhanced by forskolin 
(0.1 and 1 p~molfliter). These data show that bone cells, in- 
cluding osteoblasts, respond to several peptides of the VIP 
family, including helodermin, helospectin I, PACAP 27, and 
PACAP 38. Whether the responses are mediated via one or 
several receptor populations remains to be established. The 
finding that VIP and helodermin, at maximally effective con- 
centrations, did not cause additive effect on cAMP forma- 
tion in intact mouse calvariae suggests that these two ago- 
nists may use a common receptor. 
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Helodermin is an amidated 35-amino acid peptide that has 
been isolated from the salivary gland venom of the lizard 
Gila monster (Heloderma suspectum) [1]. Helospectin I and 
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II are 38- and 37-amino acid peptides, respectively, also iso- 
lated from the salivary gland venom of Heloderma suspec- 
tum [2]. Helodermin and the helospectins show structural 
similarities with peptides belonging to the vasoactive intes- 
tinal polypeptide (VIP)/secretin family. A novel bioactive 
peptide, pituitary adenylate cyclase-activating polypeptide 
(PACAP), was recently isolated from ovine hypothalamus 
[3]. This peptide is present in two amidated forms, one con- 
sisting of 38 and the other of 27 amino acid residues, both 
showing sequence homology to VIP [4]. Like secretin and 
VIP, helodermin, helospectin and PACAP cause systemic 
hypotension [5], pancreatic enzyme secretion [6], and stim- 
ulation of cyclic AMP (cAMP) accumulation in lymphocytes 
and pancreatic acini [6--8]. 

Using immunohistochemical and irnmunochemical tech- 
niques, helodermin-immunoreactive material was observed 
recently in the thyroid C-cells and in the noradrenaline- 
containing cells of the adrenal medulla in several species 
[9-11]. Subcutaneous injection of helodermin and VIP sup- 
presses the uptake of calcium into the skeleton of rats [10]. 
If the helodermin-like C-cell constituent shares these prop- 
erties with authentic helodermin, these observations suggest 
that thyroid C-cells, in addition to the osteoclast inhibitor 
calcitonin, produce another peptide with direct or indirect 
effects on osteoblastic activity. In the present investigation, 
we have therefore studied whether bone cells are equipped 
with receptors that recognize helodermin by analyzing the 
effect on cAMP accumulation in mouse calvarial bone, iso- 
lated osteoblasts, and several osteoblastic cell lines. In ad- 
dition, the effects on cAMP accumulation in bone cells by 
helospectin and PACAP 27 and 38, three other members of 
the VIP family, have been studied. 

Materials and Methods 

Cyclic AMP Accumulation in Mouse Calvariae 

Calvarial bones were dissected from 6- to 7-day-old mice and di- 
vided into halves along the sagittal suture. Then the bones were 
washed in Tyrode's solution and preincubated in CMRL 1066 me- 
dium (four calvarial halves per 2 ml medium) containing 0.1% bovine 
serum albumin and the cAMP phosphodiesterase-inhibitor rolipram 
(0.1 p~mol/liter) [12]. The incubations were performed at 37~ and 
the cultures were gassed with 5% CO2 in air. After 30 minutes, 2 ml 
medium with or without different test substances was added. The 
reactions were stopped at different time points by quickly placing 
the bones in 90% propanol. Cyclic AMP was extracted overnight 
and analyzed by a commercially available radioimmunoassay ac- 
cording to the instructions supplied by the manufacturers. 
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Fig. 1. Time-course showing the effect of helodermin (1 p.mol/liter) 
on cAMP accumulation in neonatal mouse calvarial bones. 

Cyclic AMP Accumulation in Isolated Osteoblasts 

Bone cells were isolated from 2- to 3-day-old mice by the time se- 
quential collagenase digestion technique described by Boonekamp 
et al. [13]. Cells from digestions 1-2 (early released cells) and 6-8 
(late released cells) respectively were pooled, seeded in 25 cm 2 cul- 
ture flasks containing c~-modified Eagle's medium (MEM) with 10% 
fetal calf serum and incubated at 37~ in humidified atmosphere and 
CO2/air (1:19). Prior to the experiments, the cells were transferred to 
2 cm 2 multiwell dishes and grown to confluent cultures. Then the 
cells were washed extensively in serum-free medium and preincu- 
bated at 37~ in air in serum-free, Hepes-buffered a-MEM contain- 
ing rolipram (0.1 p~mol/liter). After 30 minutes, a-MEM with or with- 
out different test substances was added. Five minutes later, the 
media were withdrawn and cellular cAMP was extracted with 90% 
propanol. A 5-minute incubation was used as we have previously 
found that the effect of parathyroid hormone (PTH) on cAMP for- 
mation in mouse calvarial osteoblast-like cells is optimal at this time 
point and that VIP causes a cAMP response in UMR 106-01 cells 
which is optimal at 5 minutes [14]. Cyclic AMP was then measured 
by radioimmunoassay. In parallel wells, the number of cells was 
counted with a hemocytometer. 

In separate wells, alkaline phosphatase in the cells was liberated 
by adding distilled water to the cell layers followed by sonification 2 
• 15 seconds. The wells were centrifuged and the supernatants were 
used for assay of alkaline phosphatase activity at pH 10.2 with p- 
nitrophenylphosphate as substrate. 

Cyclic AMP Accumulation in Osteoblastic Cell Lines 

The human osteosarcoma cell line Saos-2 at passage 117 and the rat 
osteosarcoma cell line ROS 17/2.8 were provided by Drs. S. and G. 
Rodan, Merck, Sharp & Dohme Laboratories, West Point, NY, 
USA. The subclone 106-01 of the rat osteosarcoma cell line UMR at 
passage 8 was obtained from Prof. T. J. Martin, Melbourne, Aus- 
tralia. The cloned mouse calvarial cell line MC3T3-E1 at passage 8 
was given to us by Prof. M. Kumegawa, Sakeda, Japan. These cell 
lines express several biochemical markers associated with the os- 
teoblastic phenotype, including high levels of alkaline phosphatase, 
PTH-responsive adenylate cyclase and receptors for 1,25(OH)2-D3 
[15-18]. The cells were routinely grown in a-MEM containing 10% 
fetal calf serum at 37~ Prior to the experiments, the cells were 
seeded in 2 cm 2 muttiwell dishes and the effect of agonists on cAMP 
accumulation was analyzed as described above. 

Materials 

CMRL 1066 medium, c~-MEM and fetal calf serum were purchased 
from Flow Laboratories, Irvine, Ayrshire, Scotland, U.K.; bovine 
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Fig. 2. Effects of helodermin (I p.mol/liter), VIP (l ~mol/liter), and 
PTH (30 nmol/liter) in the absence and presence of the phosphodi- 
esterase inhibitor rolipram (0.1 p~mol/liter) on cAMP accumulation 
in neonatal mouse calvarial bones. The effects of helodermin, VIP, 
and PTH, in the absence of phosphodiesterase inhibitor, were sta- 
tistically significant versus untreated controls (P < 0.05). The ef- 
fects of VIP, helodermin, and PTH, in the presence of phosphodi- 
esterase inhibitor, were statistically significant versus the effects of 
the agonist in the absence of phosphodiesterase inhibitor (P < 0.05). 

serum albumin (fraction V, RIA-grade) from Sigma Chemical Co. ; 
bovine synthetic PTH (PTH 1-34) from Bachem, Bubendorf, Swit- 
zerland; helodermin, helospectin I, PACAP 27 and PACAP 38 from 
Peninsula Laboratories Europe, Merseyside, England; porcine VIP 
from Prof. V. Mutt, Karolinska Institute, Stockholm, Sweden; for- 
skolin (from Coleus forskolii, 713-acetoxy-8,13-epoxy-la,613,9a-tri- 
hydroxy-labd-14-ene-ll-one) from Calbiochem-Behring Corp. 
Diagnostics, La Jolla, CA, USA; bacterial collagenase (clostridium, 
type 1) from Worthington Biochemical, Freehold, NJ, USA, and 
cAMP radioimmunoassay kit from New England Nuclear/Du Pont, 
Dreieich, Germany. Rolipram [4-(3-cyclopentyloxy-4-methoxy- 
phenyl)-2-pyrrolidone; ZK 62.711] was kindly donated by Dr. Sprz- 
gala of Schering AG, Berlin, Germany. 

Statistics 

Statistical analysis was performed using analysis of variance 
ANOVA. 

R e s u l t s  

Effects in Mouse Calvariae 

Helodermin  (1 txmol/liter), in the presence  of  the phospho-  
diesterase inhibitor rol ipram, caused a t ime-dependent  en- 
hancement  of  c A M P  accumulat ion  in mouse  calvarial  bones ;  
the effect was maximal  after 5 minutes (Fig. 1). A similar 
t ime-course of  effect  on c A M P  accumula t ion  was seen with 
VIP (1 ~mol/l i ter;  data not  shown). A c A M P  response  to 
helodermin and VIP could also be seen in the absence  of  
phosphodies terase  inhibitor (Fig. 2), al though inhibition of  
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Fig. 3. Effect of helodermin and VIP, at different concentrations, on 
cAMP accumulation in neonatal mouse calvarial bones. 

the phosphodiesterase activity with rolipram caused a two- 
fold enhancement  of the response (Fig. 2). The st imulatory 
effect of  helodermin at 1 ixmol/liter was comparable to that 
induced by VIP at 1 ~mol/liter,  both in the absence and 
presence of rolipram, but  less than that induced by PTH at 
30 nmol/liter (Fig. 2). Helodermin,  at and above a concen- 
tration of 3 nmol/liter,  caused a dose-dependent  accumula-  
tion of cAMP formation in mouse calvariae (Fig. 3). The 
response was l inearly dependent  on the concentra t ion of he- 
lodermin from 3 to 1000 nmol/liter. Similarly, VIP at con- 
centrat ions from 3 to 1000 nmol/liter dose-dependent ly  en- 
hanced the accumulat ion of cAMP;  the magnitude of the 
response was identical to that induced by helodermin (Fig. 
3). Table 1 demonstra tes  that the cAMP response to helo- 
dermin at 3 ~mol/liter was the same in the presence and 
absence of VIP at 3 ~mol/liter. VIP and helodermin at con- 
centrat ions of 3 ~mol/liter caused the same degree of cAMP 
response as that seen at 1 ixmol/liter of  the respective peptide 
(data not  shown). 

Indomethacin ,  which is a potent  inhibitor of prostaglan- 
din biosynthesis ,  did not  affect VIP- or helodermin-induced 
cAMP formation in mouse  calvarial bones  (Table 2). Similar 
data were obtained using flurbiprofen as an inhibitor of pros- 
taglandin biosynthesis  (data not  shown). 

Helospect in I (1 t~mol/liter) st imulated cAMP accumula-  
t ion in neonata l  mouse calvariae to the same degree as he- 
lodermin at the same concentra t ion  (Fig. 4). PACAP 27 and 
PACAP 38 also raised the cAMP levels in the calvarial  
bones;  the degree of st imulation obtained by PACAP 38 was 
higher than that induced by helodermin (Fig. 4). 

Effects in Isolated Mouse Calvarial Bone Cells 

Bone cells were isolated from mouse calvariae by a time- 
sequential  collagenase digestion technique.  Cells from the 
two first digestions and cells released in digestions 6-8, re- 
spectively, were pooled and cultured separately. Cells re- 
leased initially showed a cAMP response to both calcitonin 
(100 ng/ml) and PTH (30 nmol/liter) (Fig. 5). Cells released 
later showed a cAMP response to PTH,  but  not  to calcitonin 
(Fig. 5). The PTH-induced  rise in cAMP was substantial ly 
higher in cells from digestion 6-8. In contrast ,  both cell types 
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Table 1. Effect of helodermin and vasoactive intestinal polypeptide 
at maximal effective concentration, and their combination, on 
cAMP formation in mouse calvarial bones 

Amount Cyclic AMP 
Addition (~mol/liter) (pmol/bone) 

- -  - -  5.3 -+ 0.3 
VIP 3 40.7 --- 2.2 ~ 
Helodermin 3 38.4 -+ 3.9 a 

+ VIP 3 33.1 -+ 6.1 a 

Values are means -+ SEM for six bones 
a Significantly different from control (P < 0.05) 

T a b l e  2 .  Effect of vasoactive intestinal polypeptide and helodermin, 
in the absence and presence of indomethacin, on cAMP formation in 
mouse calvarial bones 

Cyclic AMP (pmol/bone) 
Amount 

Addition (~mol/liter) - Indo + Indo a 

Expt. 1 
- -  - -  3.1-+ 0.4 5.1 + 1.4 
VIP 1 69.0 - 16 b 71.0 -+ 5 c 

Expt. 2 
- -  - -  2.9 +- 0.1 2.1 -+ 0.2 
Helodermin 1 10.8 +- 1.3 b 8.6 -+ 1.9 c 

Values are means +- SEM for 3-4 bones 
a Bones were preincubated for 30 minutes in indomethacin, added to 
a final concentration of 1 ixmol/liter 
b Significantly different from untreated controls (P < 0.05) 
c Significantly different from controls treated with indomethacin (P 
< 0.05) 

30 ! 

2. 2c 

~ 10 

Control Helod. Helosp. PACAP 38 PACAP 27 

Fig. 4. Effect of helodermin, helospectin I, PACAP 38, and PACAP 
27, at concentrations of 1 ~mol/liter, on cAMP accumulation in 
neonatal mouse calvarial bones. The effects of all peptides were 
statistically significant versus untreated controls (P < 0.05). 

responded to the same degree when  isoprenaline (10 i~mol/ 
liter) was used as agonist. Cells released in digestion 6-8 
contained higher activity of alkaline phosphatase than cells 
released initially (see legend to Fig. 5). 
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Fig. 5. Effects of helodermin (1 ~zmol/liter), 
VIP (1 ~mol/liter), helospectin I (1 
~mol/liter), PACAP 27 (1 jxmol/liter), 
PACAP 38 (1 ~mol/liter), PTH (30 
nmolfliter), calcitonin (CT; 100 ng/ml), and 
isoprenaline (isop; 10 ixmol/liter) on cAMP 
accumulation in enzymatically isolated bone 
cells from neonatal mouse calvariae. Cells 
released during digestions 1-2 showed a 
cAMP response to both calcitonin and PTH. 
Cells released during digestions 6-7 showed 
a cAMP response to PTH but not to 
calcitonin. The alkaline phosphatase activity 
in early and late released cells were 2.0 • 
0.5 and 4.5 • 0.4 nmol/minute/106 cells 
(mean values --- SEM; n = 4), respectively. 
The effects of all agonists, with the 
exception of CT in late released cells, were 
statistically significant (P < 0.05). 

Helodermin, VIP, helospectin I, PACAP 27, and PACAP 
38, at a concentration of 1 ixmol/liter, all stimulated cAMP 
accumulation in both early and late released mouse calvarial 
bone cells (Fig. 5). In early released cells, helospectin I, 
PACAP 27 and PACAP 38 were more effective than helo- 
dermin and VIP. In late released cells, PACAP 27 and 
PACAP 38 were clearly more effective than helodermin, he- 
lospectin I, and VIP. 

Effects in Osteoblastic Cell Lines 

In the rat osteosarcoma cell line UMR 106-01, helodermin (1 
~mol/liter) caused a cAMP response that was of the same 
magnitude as that induced by VIP at the same concentration 
(Fig. 6a). Forskolin (0.1 and 1 ~mol/liter) caused a small 
dose-dependent  st imulation of the cAMP product ion in 
UMR 106-01 cells. Challenge of  these cells with helodermin 
simultaneously with forskolin resulted in a clearcut syner- 
gistic interaction that was dependent on the concentration of 
forskolin. Similarly, VIP (1 ixmol/liter) stimulated cAMP ac- 
cumulation in UMR 106-01 cells; the stimulation was syner- 
gistically enhanced by forskolin (Fig. 6a). 

In ROS 17/2.8 cells, a rat osteosarcoma cell line with 
osteobtastic characteristics, no effect of helodermin or VIP 
at a concentration of 1 txmol/liter on cAMP formation was 
observed, neither in the absence nor in the presence of for- 
skolin (Fig. 6b). By contrast, PTH (100 nmol/liter) greatly 
stimulated cAMP formation; the response was synergisti- 
cally enhanced by forskolin (data not shown). 

In the mouse calvarial osteoblastic cell line MC3T3-E1, 
both helodermin and VIP, at a concentration of I ixmol/liter, 
caused a similar cAMP response that was synergistically en- 
hanced by forskolin (Fig. 6c). In this cell line, the magnitude 
of the response to helodermin and VIP was comparable to 
that induced by PTH at a concentration of 100 nmol/liter, 
both in the absence and presence of  forskolin (data not 
shown). 

In Saos-2 cells, a human osteoblastic cell line derived 
from an osteosarcoma removed from a young female, helo- 
dermin (1 p~mol/liter) stimulated cAMP formation by a mech- 

anism that was synergistically enhanced by forskolin (Fig. 
6d). Similarly, VIP (1 txmol/liter) enhanced cAMP accumu- 
lation in Saos-2 cells. The effect of VIP was synergistically 
enhanced by forskolin. 

Discussion 

Helodermin-like peptides have been claimed to coexist  with 
calcitonin in thyroid C-cells [9, 10]. Preliminary observations 
suggest that calcitonin and the helodermin-like peptide are 
released concomitantly into the circulation in response to 
hypercalcemia (Absood et al., unpublished data). Authentic 
helodermin, unlike calcitonin, causes a decreased uptake of 
radioactive calcium into the skeleton of rats [10]. The mech- 
anism by which helodermin inhibits calcium uptake is not 
known but may either be due to a direct effect on osteoblasts 
or to an indirect effect mediated by some neuroendocrine 
mechanism. The fact that authentic helodermin stimulates 
secretion of thyroid hormones [10] suggests that the latter 
possibility cannot be excluded. 

We demonstrate here that helodermin causes a rapid, 
time- and dose-dependent stimulation of cAMP formation in 
neonatal mouse calvarial bones. The threshold for the effect, 
3 nmol/liter, is comparable to that seen in other helodermin- 
sensitive cells [8]. Mouse calvarial bones produce prosta- 
glandin E z (PGE2) in response to several agonists [19, 20]. 
To exclude the possibility that helodermin enhanced cAMP 
secondarily to induction of PGE2 biosynthesis,  we studied 
the effect of helodermin on cAMP in the absence and pres- 
ence of  indomethacin and flurbiprofen. These two structur- 
ally unrelated inhibitors of cyclooxygenase activity are po- 
tent inhibitors of PGE 2 formation in bone cells [21]. Indo- 
m e t h a c i n  and f l u rb ip ro f en  d id  not ,  h o w e v e r ,  a f fec t  
helodermin- and VIP-induced cAMP accumulation, indicat- 
ing that the receptors in bone that respond to helodermin 
(and VIP) are directly linked to adenylate cyclase. This view 
is also supported by the finding that helodermin and VIP 
enhanced cAMP formation in UMR 106-01 cells, an osteo- 
blastic cell line that produces only minor amounts of PGE2 
[21]. 
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Fig. 6. Effects of helodermin (1 ixmol/liter) and VIP (1 }xmol/liter), in 
the absence and presence of forskolin (0.1 and 1 ~mol/liter), on 
cAMP accumulation in UMR 106-01 cells (a), ROS 17/2.8 cells (b), 
MC3T3-E1 cells (c), and Saos-2 cells (d). The stimulatory effects of 
helodermin and VIP were statistically significant versus untreated 
controls in UMR 106-01, MC3T3-E1, and Saos-2 (P < 0.05). 

In order to elucidate which bone cells respond to helo- 
dermin, we studied the effect of helodermin in enzymatically 
isolated mouse calvarial bone ceils, as well as in four osteo- 
blastic cell lines. The data show that challenge with heloder- 
min results in stimulation of cAMP accumulation in both 
calvarial cells containing calcitonin-responsive cells (early 
released cells) with low alkaline phosphatase activity and in 
cells enriched in PTH-responsive cells (late released cells) 
with high alkaline phosphatase activity. This indicates that 
cells in the osteoclastic lineage as well as in the osteoblastic 
lineage may be equipped with receptors that recognize he- 
lodermin. Neither the early nor the late released ceils, how- 
ever, are pure populations of cells. We therefore looked for 
effects of helodermin in different osteoblastic cell lines. In 

U. H. Lerner et al.: Helodermin Stimulates Cyclic AMP in Bone 

the mouse calvarial osteoblastic cell line MC3T3-E1, and in 
a rat (UMR 106-01) and a human (Saos-2) osteosarcoma cell 
line, helodermin stimulated cAMP formation. No effect, 
however, was seen in the rat osteosarcoma cell line ROS 
17/2.8. Interestingly, these cells, in contrast to the other cell 
lines, do not show a cAMP response to VIP, indicating that 
the pattern of VIP and helodermin responsiveness in the 
different osteoblastic cell lines is very similar [14]. Our data 
suggest that the presence of receptors that recognize helo- 
dermin is a phenotypic expression of human, rat, and mouse 
osteoblasts. In line with this suggestion, Pfeilschifter et al. 
[22] recently reported that helodermin stimulates cAMP ac- 
cumulation in enzymatical ly  isolated rat  osteoblast- l ike 
cells. These findings indicate that the inhibitory effect of 
helodermin on calcium uptake into the skeleton may be due 
to a direct action on osteoblasts. Further evidence for this 
view is the recent demonstration that helodermin inhibits the 
incorporation of [3H]-proline into bone matrix in fetal rat 
calvaria [22]. 

Helodermin displays sequence homology with the 28- 
amino acid residue peptide VIP. In agreement with previous 
data obtained in Saos-2 cells [23], we found VIP to stimulate 
cAMP formation in intact bone,  isolated osteoblast- l ike 
cells, and helodermin-sensitive osteoblastic cell lines. Inter- 
estingly, ROS 17/2.8 cells failed to respond to either helo- 
dermin or VIP, while responding to PTH. The dose-response 
curve for the effect of VIP in intact bone was superimpos- 
able on that obtained after stimulation with helodermin. 

Forskolin is a diterpene that exerts a direct stimulatory 
action on adenylate cyclase [24]. In addition, forskolin po- 
tentiates, via an interaction with GTP-binding proteins, the 
effect of several agonists stimulating adenylate cyclase due 
to interaction with specific receptors. Thus, we have previ- 
ously found forskolin to stimulate cAMP accumulation in 
intact bone and to potentiate the action of PTH [25]. We 
report that the effects of helodermin and VIP are also syn- 
ergistically enhanced by forskolin at low concentrations. 

Helospectin I, PACAP 27, and PACAP 38 show struc- 
tural similarities to VIP and helodermin and belong to the 
same family of peptides. Here we show that helospectin I, 
PACAP 27, and PACAP 38 also stimulate cAMP formation 
in intact bone. PACAP 38, at 1 ~mol/liter, was much more 
effective in stimulating cAMP formation than helodermin 
and VIP, in line with previous observations made in rat pi- 
tuitary cell cultures [3]. Similarly, in mouse calvarial bone 
cells enriched in osteoblast-like cells, PACAP 27 and 38 
were clearly more effective than helodermin, VIP, and he- 
lospectin I. It  remains to be established to what extent the 
various peptides of the VIP family interact with the same or 
with distinct receptor populations on the bone cells. The 
data in the present paper do not reveal whether the various 
peptides studied stimulate cAMP via separate receptors or 
via a common receptor. The finding by Pfeilschifter et al. 
[22] that secretin, but not VIP, compete with the binding of 
'25I-helodermin to osteoblast-like rat calvarial cells indicates 
that separate receptors may exist. Our finding in mouse cal- 
variae, however, that maximally effective concentrations of 
VIP and helodermin did not cause additive effect on cAMP 
formation, suggests that, in intact bone, VIP and helodermin 
may bind to a common receptor. 
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