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Abstract

The aim of the study was to investigate the influence of physiologically and pharmacologically increased plasma growth hormone (GH)
levels on cholecalciferol metabolism at prepubertal age. Three groups of dogs raised on the same diet were studied from weaning till 21
weeks of age, i.e., small breed dogs£ 7, control group); large breed dogs with 15-fold greater growth rates compared to the control group
(n = 8, LB-group); and small breed dogs treated with pharmacological doses of growth honmené, (GH-group; 0.51U GH per kg
body per day) from 12 to 21 weeks of age. Excess of GH had the expected anabolic effect on growth rate and phosphate sparing. Increasec
plasma GH levels in the LB- and GH-groups versus the control group were accompanied by (1) greater plasma insulin-like growth factor |
(IGF-I) levels, (2) greater plasma 1,25-dihydroxycholecalciferol (1,25¢Dkl) levels, and (3) lower plasma 24,25(QiB) levels. In the
LB-group, excess of GH favored plasma 1,25(@PH levels by decreasing the clearance of 1,25(§IH) whereas in the GH-group by
increasing the production of 1,25(0OH)s. The lowered plasma 24,25(0O#)3 levels in the LB- and GH-groups were likely attributed to
a competitive inhibition of the production of 24,25(GiBy by GH and/or IGF-I.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction and IGF-I[9]. The general consensus is that pharmacolog-
ical GH excess is accompanied by an increase in plasma
1,25(0OHYD3 levels[10,11] due to stimulation of the renal
production of 1,25(OH)D3 by IGF-1[2]. There is only cir-
cumstantial evidence on the down-regulating effect of GH

excess on the plasma 24,25(QBj} levels[11,12]

Cholecalciferol (vitamin ) is converted to 25-hydroxy-
cholecalciferol (25(OH)B) in the liver and to 1,25(0OHP3
and 24,25(0OH)D3 by a sequential hydroxylation primar-
ily catalyzed by renal &-hydroxylase and 24-hydroxylase,

respectively. These two hydroxylase enzymes are recip-

rocally regulated, with d-hydroxylase being directly
responsive to a variety of regulators, including plasma lev-
els of inorganic phosphate ;P growth hormone (GH),
insulin-like growth factor | (IGF-I), and parathyroid hor-
mone (PTH)[1-3]. Catabolism of 1,25(OHP3 is mainly

The domestic dog, completely dependent on dietary intake
of vitamin D3 [13], represents a tremendous species-specific
disparity in growth rate and hence in mature body weight
(BW). Rapid growth rate and a large adult BW of 55—-70 kg in
the Great Dane has been associated with juvenile GH excess
and high plasma IGF-I leve[§4,15]compared to Miniature

dependent upon 24-hydroxylase activity in the target organs Poodles (adult BW of 7-8kg). In order to evaluate the in-

of 1,25(0OH}D3 and is regulated by 1,25(0Ob)3 itself [4],
P [5], 24,25(OH}D3 [6,7], PTH [8], and possibly by GH
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fluence of physiological and pharmacological excess of GH
on vitamin D3 metabolism, small breed dogs were raised on
a balanced diet and compared to large breed dogs with ju-
venile GH excess and to small breed dogs treated with GH.
Growth regulating and calciotropic hormones were mea-
sured. The production and clearance rates of 1,25§D%])

as well as renal gene expression af-dydroxylase and
24-hydroxylase, were determined.
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2. Materials and methods 2.3. Endogenous metabolic clearance rate (MCR) and
production rate (PR) of 1,25(0OH),D3
2.1. Animals, diets and treatments
At 19 weeks of age, the MCR of 1,25(0H)3 was

The Utrecht University Ethical Committee for Animal only determined in the control and LB-groups with
Care and Use approved all procedures. Fourteen Miniaturethe aid of k,25-dihydroxy[23,24f)-2H]cholecalciferol
Poodles and eight Great Danes (large breed, LB-group)(®H-1,25(0HyD3; specific activity —10.5GBqmg;
were raised on an extruded diet formulated to meet the Amersham Pharmacia Biotech, UKR1]. The PR of
requirements for growing dogi6]. Diets contained ap-  1,25(OH}D3, expressed in pmol per kg BW per day, was
proximately 0.94g Ca, 0.80g P per 100g diet on a dry derived from the formula:
matter basis, and 500 IU vitaminsRg~! diet. From 3 to . .
6 weeks of age, pups received their diet as a gruel in ad—PR: MCR - endogenous circulating 2OH);Ds
dition to the bitch milk and later on dry diet exclusively. where endogenous circulating 1,25(QB} is the plasma
Daily food intake was adapted biweekly to the actual BW 1,25(OH}D3 level at 19 weeks of age.
provided at two times maintenance energy requirements
of each dog[17]. Porcine GH (pGH), with an identi- 2.4. Renal la-hydroxylase and 24-hydroxylase gene
cal peptide structure as canine GiB], was used in the  expression
study and was obtained from Dr. A.F. Parlow (National
Hormone & Peptide Program, Torrance, CA). Starting at  Atthe end of the study, i.e., at 21 weeks of age, renal gene
12 weeks of age, GH was administrated in six Minia- expression levels of d-hydroxylase and 24-hydroxylase
ture Poodles (GH-group) subcutaneously (SC) once daily were determined by real-time PCR and techniques described
(at approximately 9:00h) for 8 weeks as a sterile solu- previously[21]. The amount of target (khydroxylase and
tion of 0.03M sodium bicarbonate (NaH@Pin 0.15M 24-hydroxylase) was divided by the amount of endogenous
NaCl, adjusted to pH 9.5 at a dose of 0.51U GH per kg reference g-actin) to obtain a normalized target value.
body per day. Likewise, eight Miniature Poodles (control Each of the normalized target values was divided by the
group) received daily an equal amount of the vehicle of the normalized target value of the calibrator (control group) to
solution. generaten-fold relative expression levels.

2.5. Satistical analysis
2.2. Blood measurements
) Statistical analyses were performed using the SPSS for

At 7, 13, 16, 19, and 21 weeks of age (prior 10 SC \yingows 10.1 (SPSS Inc., Chicago, USA). Differences in
administration of GH), blood samples were collected af- .1 curves between groups were analyzed with a covari-
ter overnight food deprivation. Plasma total Ca and P ;.0 analysis. Differences between groups were tested in an
levels were meagured according to standard proceduresANOVA for repeated measurements (Tukey). Values were
(Beckman Industries Inc., Brea, USA). Basal plasma GH ., qigered to be significant wheh < 0.05. Results are

!evels were defingd as the median of six measure.points,presented as meanstandard error of the mean (S.E.M.).
i.e., at Oh, 30min, 1, 2, 3, and 4h, where Oh is the

time point of GH administration in the GH-group. GH

was measured by a homologous R[A9], with intra- 3. Results
and inter-assay CV of 3.8 and 7.2%, respectively. Total
IGF-1 levels were measured by a heterologous R2A], Animals consumed the total daily amount of food pro-

with intra- and inter-assay CV of 4.7 and 15.6%, respec- vided during the entire study. BW-gain was significantly
tively. 25(0OH)D; and 24,25(0H)D3 were quantitatively  greater in the LB-group throughout the study and in the
determined by a modified RIA (DiaSorin, Stillwater, Min- GH-group starting at 15 weeks of age versus the control
nesota, USA)21], with an intra- and inter-assay CV for group Fig. 1).

25(0OH)Ds of 15.2 and 6.1%, respectively, and an intra-

and inter-assay CV for 24,25(0f0)3 of 10.1 and 8.5%,  3.1. Blood measurements

respectively. 1,25(OHpP3 was quantitatively determined

by a radioreceptor assay based on the method described Plasma Ca levels did not differ between groups, whereas
by Reinhardt et aj22] and Hollis[23], with an intra- and plasma P levels were significantly greater in the LB-group
inter-assay CV of 5.7 and 6.6%, respectively. PTH was throughout the study and in the GH-group at 19 and 21 weeks
measured using an immunoradiometric assay for intact PTHof age versus the control groupi¢. 2). Basal plasma GH
(iPTH; Nichols Institute, San Juan Capistrano, CA, USA) levels were significantly greater in the LB- and GH-groups
[24], with an intra- and inter-assay CV of 3.4 and 5.6%, for the duration of the study, whereas plasma IGF-I lev-
respectively. els were greater in the LB-group for the duration of the
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Fig. 1. Growth curve of a group of small breed dogs (control group), large
breed dogs (LB-group), and of small breed dogs receiving 0.5IU GH
per kg body per day growth hormone (GH-group) starting in 12 weeks
(arrow). Data are presented as maaBE.M. All measured points in the
LB-group were different with? < 0.01 vs. the control group, P < 0.05

and **P < 0.01 vs. the control group at the same age.
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these groups (68+6.8 versus 79.45.3 pmol kg BW 1 per
day, respectively).

3.3. Geneexpression of 1la-hydroxylase and 24-hydroxylase

At 21 weeks of age, renabthydroxylase gene expression
was 12.9-fold £ < 0.01) greater in the GH-group versus
the LB- and control groups, whereas renal 24-hydroxylase
gene expression did not differ between groups.

4, Discussion

Physiological and pharmacological GH excess had the
expected positive effect on BW-gain and sparing 42¥],
and was accompanied by considerable differences in vitamin
D3 metabolism. Although all groups had the same vitamin
D3 intake per kg BW, plasma levels of 25(OH)Dvere
lower, of 1,25(OH)}D3 were greater, and of 24,25(0OHD3
were lower in the LB- and GH-groups versus the control

study and increased in the GH-group, starting at 16 weeks Ofgroup.

age, versus the control groupig. 3). Before the initiation
of GH administration to the GH-group plasma vitamirg D

Increased plasma GH levels of both endogenous and
exogenous origin were accompanied by increased plasma

metabolite levels did not differ between groups. Excess in |gE.| and 1,25(0H)D3 levels compared to the control
plasma GH levels (LB- and GH-groups) was accompanied group according to the general consengl@]; however,

by lower plasma 25(OH)pand 24,25(0OH)D3 levels and
greater plasma 1,25(0Op1I)3 levels versus the control group
(Fig. 3. Plasma PTH levels did not differ between groups.

3.2. MCR and PR of 1,25(0OH),D3
At 19 weeks of age, MCR of 1,25(0ObD)3 was lower in
the LB group versus the control group.2@ & 0.03 versus

0.654 0.04 L per kg body per day, respectively, with <
0.01), whereas PR of 1,25(0O¢D)3 did not differ between
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the underlying mechanism was surprisingly different. The
increase in plasma 1,25(04D3 levels in the GH-group
due to increase in the renal production of 1,25(¢Ibt), as
confirmed by the 12.9-fold increase in renalthydroxylase
gene expression, is a well described phenomégabjy with
IGF-1 as mediatof2], and is independent of PT[26]. Ac-
cordingly, plasma PTH levels did not differ between groups.
To the contrary, the increased plasma 1,25(5H)levels

in the LB-group were not related to increased 1,25(£0H)
production as demonstrated by kinetic analysis and by
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Fig. 2. Plasma levels of total calcium (Ca) and phosphate (P) in small breed dogs (control group), large breed dogs (LB-group), and in small breed dogs
receiving 0.51U GH per kg body per day growth hormone (GH-group) starting in 12 weeks (arrow). Data are presented-aS.B&&n* P < 0.05

and** P < 0.01 vs. the control group at the same age.
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Fig. 3. Plasma levels of growth hormone (GH), insulin-like growth factor | (IGF-1), 25-hydroxycholecalciferol (25@pH¥D25-dihydroxycholecalciferol
(24,25(0OH}D3), and 1,25(0OH)D3 in small breed dogs (control group), large breed dogs (LB-group), and in small breed dogs receiving 0.51U GH per
kg body per day growth hormone (GH-group) starting in 12 weeks (arrow). Data are presented as-r8¢akt *P < 0.05 and** P < 0.01 vs. the

control group at the same age.

guantitative determination of the renat-hydroxylase gene
expression, but rather were related to a lower MCR of 24-hydroxylase gene expressi¢®,28]. Accordingly, GH

1,25(0OHYDs.

Catabolism of 1,25(OHP3 is mainly dependent upon

24-hydroxylase activity in the target organs of 1,25(gIbh.
There is substantial circumstantial evidence suggest-plasma 24,25(0OHP3 levels in the LB- and GH-groups

ing a down-regulating effect of the GH-IGF-1 axis on compared to the control group, likely mediated by the
24-hydroxylase influencing the production 24,25(Q@Bh:

hypophysectomy results in increased plasma 24,254D#1)
levels in rats[27], whereas GH treatment of hypophysec-
tomized rats results in decreased plasma 24,25§Dfl)

levels, and IGF-I administration results in decreased renal

administration to GH-deficient children and to healthy pigs
results in decreased plasma 24,25(¢ibp) levels [11,12]
The evidence can be further substantiated by the lower

increased levels of endogenous and exogenous GH, respec-
tively.

Plasma 25(0OH)P levels were lower in the LB- and
GH-groups versus the control group. The production of
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25(0OH)D;s is loosely regulated, mainly dependent upon the D3 on 1,25-dihydroxyvitamin B metabolism in calcium-deficient

amount of substratf29] and upon negative feedback from rats, Biochem. J. 250 (1988) 671-677.
1,25(OHYD3 [30], whereas the clearance of 25(0H)B (" : ga”latoéﬁT- t'\"aftsz‘zmzcg"d_hsa F“k“,rt“c’tc_" g-) ”‘legg'di- d'ShiZ“ka'
. . . . ata, ect o ,20-01 roxyvitaminzbon 1,Z2o5-di roxy-
dependent upon successwe hydroxylation in 1,25¢DH) vitam%n D3 [1,25-(OH)D3] me)t/aboli);vm in vitamin D-defic)i/ent r)::lts
and 24,25(0H)D3. Both in the LB- and GH-groups, infused with 1,25-(OHyDss, Endocrinology 124 (1989) 511-517.
it seems conceivable to suggest a negative feedback on [g] T. Shinki, C.H. Jin, A. Nishimura, Y. Nagai, Y. Ohyama, M. Noshiro,
25(0OH)Ds production from the high-plasma 1,25(Gi)s K. Okuda, T. Suda, Parathyroid hormone inhibits 25-hydroxy-
levels as the clearance of 25(OH)B most likely not signif- ‘ftazng"zj_hD§'24'h}’td'°?<y'SS_e TEdNA ebxli"ests_ior_‘ t S“tmu'ajteg_ Iby
. . . o,29-0l roxyvitamin In rat Kilane ut not In intestine, J. blol.
icantly increased in the LB- and GH-groups versus the con- Cherm. 26y7 (19);2) 1375713762, y
trol groqp. The latter is based on (1) the equal 1,25(DH) [9] S. Wu, M. Grieff, A.J. Brown, Regulation of renal vitamin D-24-
production in the LB-group and the increased 1,25(¢0H) hydroxylase by phosphate: effects of hypophysectomy, growth
production in the GH-group, with a negligible contribution hormone and insulin-like growth factor |, Biochem. Biophys. Res.
to the clearance of 25(OH)}D and (2) on competitive in- Commun. 233 (1997) 813-817.

hibition of the production of 24,25(0HIP3 mediated by [10] I. D_enis, M. Thomasset, A._ Poi_ntillart, Influgnce of exogenous
the effect of GH and IGFE-1 in the LB- and GH-groups and porcine growth horm_one_ on wtamm D meta_boll;m and calcium and
. phosphorus absorption in intact pigs, Calcif. Tissue Int. 54 (1994)

subsequently relatively low-plasma 24,25(QB3 levels 489492,

versus the control group. [11] J.P. Goff, T.J. Caperna, N.C. Steele, Effects of growth hormone
In conclusion, it seems conceivable to suggest that at pre- administration on vitamin D metabolism and vitamin D receptors in

pubertal age, GH and/or IGF-I has two action fronts favoring the pig, Domest. Anim. Endocrinol. 7 (1990) 425-433. _

the plasma 1,25(0HDPs levels, i.e., decreasing the clear- [121S: Wei, H. Tanaka, T. Kubo, T. Ono, S. Kanzaki, Y. Seino,

. . Growth hormone increases serum 1,25-dihydroxyvitamin D levels
ance of 1,25(0H)D3 under physiological GH excess and and decreases 24,25-dihydroxyvitamin D levels in children with

increasing the production of 1,25(O4)3 under pharmaco- growth hormone deficiency, Eur. J. Endocrinol. 136 (1997) 45-51.

logical GH excess. [13] K.L. How, H.AW. Hazewinkel, J.A. Mol, Dietary vitamin D
dependence of cat and dog due to inadequate cutaneous synthesis of
vitamin D, Gen. Comp. Endocrinol. 96 (1994) 12-18.

[14] R.C. Nap, H.A.W. Hazewinkel, J.A. Mol, Prepubertal differences in
plasma growth hormone and IGF-I concentrations related to adult
body size in the dog, J. Endocrinol. Invest. 15 (1992) 91 (Abstract).
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