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1. Introduction

The active vitamin D metabolite, 1,25-dihydroxy-
cholecalciferol (1a,25(0H),D53) is the product of the
hydroxylation of 25-hydroxycholecalciferol
(25(OH)D3) in the kidney [1—4]. Indirect evidence
obtained from in vivo studies support the involvement
of parathyroid hormone in regulating the activity of
the enzyme which catalyzes this hydroxylation,
25-hydroxycholecalciferol-1-hydroxylase (1-hydroxyl-
ase) [1,2,5,6].

An increased production of 1&,25(0H),D; was
demonstrated in kidney cells in vitro within 15 min,
in response to the presence of bovine parathyroid
hormone (BPTH) in the incubation medium [7]. An
increased production of 1a,25(0H),D; was demon-
strated in a kidney cell culture [8], in response only
to much higher concentrations of BPTH in the
medium and as late as after 6 h incubation. However,
in kidney cell culture [9] and with clumps of intact
tubular cells in vitro [10] no stimulation of 1-hy-
droxylase by BPTH could be demonstrated. A marked
inhibition by BPTH of 24,25-dihydroxycholecalciferol
(24,25(0H),D;) production was demonstrated in
kidney cells in culture, with only a modest stimula-
tion of 1a,25(0OH),D; production [11].

Here we measured the effect of some sources of
parathyroid activity on the production of
la,25(0H),D; by avian kidney cells in vitro.

2. Experimental

Kidney cell suspensions were taken from 5-week-
old vitamin D-deficient or cholecalciferol-fed (14 days
prior to sacrifice) chicks and prepared by a procedure
similar to that in [9] but without any trypsin. The
cells were resuspended and washed several times before
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final suspension in Eagle’s (GIBCO) medium without
HCOj; (containing 20 mM Hepes and 1.0 mM CaCl,)
and with 0.1% bovine serum albumin (Sigma).

The viability of the kidney cells, as estimated by
trypan blue exclusion, was usually ~90%. The number
of cells remained unchanged during 3 h incubation,;
however, the viability decreased slightly to 85%. To
0.6 mlkidney cell suspension (2 X 107 cells) was added
0.4 m! either parathyroid gland (PTG) homogenate
(20 mg parathyroid glands) from vitamin D-deficient
chicks in the same Eagle’s medium, PTG extract
(10 min centrifugation, 3500 rev./min), Eagle’s
medium, Eagle’s medium with pure BPTH or with
‘trichloroacetic acid (TCA) powder’ of avian PTG
[12]. The relative activity of the PTG material added
was estimated on the basis of cyclic AMP response
[12] of a similar preparation. 26,27-°H.25(OH)D,
(Radiochemical Centre, Amersham, 9 mCi/mmol),
45 pmol in 10 ul ethanol, was added to the cell sus-
pension. The vials were then gassed with O, for 1 min
and incubated at 37°C for 3 h. Gassing was repeated
at 1 h intervals. Kidney homogenates were prepared
and incubated as in [3].

Following incubation, either cells or homogenates
were extracted and chromatographed on Sephadex
LH-20 columns [3] or were subjected to high-pressure
liquid chromatography [13] for the estimation of
vitamin D metabolites. Protein in kidney cells or
homogenates was determined according to [14].

The results were subjected to standard statistical
procedures [15].

3. Results

Kidney cells obtained from cholecalciferol deficient
chicks, produced in vitro more 1a,25(0OH).D; and less
24 ,25(0H), D, than cells obtained from cholecalciferol-
fed chicks.
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Table 1
Effect of homogenates of the parathyroid gland on the production in vitro of
dihydroxylated metabolites of cholecalciferol by kidney cells?

Dietary chole- Addition 1¢,25(0H),D, 24,25(0OH),D,

calciferol (ug/kg) (pmol/mg protein)

50 None 0.79 + 0.05° 322+ 0.50°

50 PTG 1.72 + 0.16° 3.06 £ 0.53b
0 None 377 + 0.2594 1.77 + 043¢
0 PTG 4.56 + 0.404 1.54 + 0.25¢

4 Means + SEM obtained from 5-6 incubations
b—d Means designated by different letter differ significantly

(P <0.01)

The addition of avian PTG homogenate (20 mg
gland) to kidney cells obtained from cholecalciferol-
fed (tables 1,2) or deficient (table 2) chicks, enhanced
the production of 1¢,25(0OH),D; but did not influence
the production of 24,25(0OH),D3;. The effect of PTG
homogenate on 1a,25(0OH),D; production was signifi-
cant (P < 0.01) only in cells obtained from cholecal-
ciferol-fed chicks.

The addition of avian PTG slices, ‘TCA powder’
(table 2), or extracts(table 3) to kidney cells obtained
from cholecalciferol-fed chicks enhanced significantly
(£ <0.01) the production of 1¢,25(0H),D; in vitro.
Conversely, PTG extract did not modify 1a,25(0H),D,
production by kidney homogenates. Neither PTG
homogenate slices (table 2) nor extract (not given in
table 3) influenced significantty (P > 0.05) the pro-
duction of 24,25(0H),D; by kidney cells obtained

from cholecalciferol-fed chicks. “TCA powder’ slightly
reduced (P <0.01) 24,25(0H)D; production.

The addition of 1 ug pure BPTH to kidney cells
obtained from cholecalciferol-fed chicks enhanced

Table 3
The effect of parathyroid gland extract on the production
in vitro of 1,25-dihydroxycholecalciferol (fmol/mg protein)
by kidney cells or homogenates?

Incubation Cells Homogenates

180 min 15 min 180 min
None 660 + 140° 19+ sb 37+ 5b
PTG extract 1340+ 30 21110 36 + 60

2 Results are means + SE of 4 or 5 determinations

b—d Means designated by different letters are significantly dif-

ferent (P <0.01)

Table 2
Effect of various sources of parathyroid activity on the production of dihydrox-
ylated metabolites of cholecalciferol by kidney cells in vitro?®

Additive 1¢,25(0H),D, 24,25(0H),D,
(pmol/mg protein)

Trial 1

None 0.91 +0.11D? 5.10 £ 0.42€
BPTH (1 pg/tube) 1.36 + 0.09¢ 3.34 + 0,334
PTG homogenate (20 mg PTG/tube) 1.56 + 0.08 5.68 £ 0.52¢
PTG slices (20 mg PTG/tube) 1.59 + 0.06° 393 + 0.34¢4
Trial 2

None 0.41 £ 0.07° 6.67+0.620
PTG homogenate (20 mg PTG/tube) 0.82 £ 0.11° 642+ 0.54b
PTG ‘TCA powder’® (1 mg/tube) 0.92 + 0.08° 4.17 £ 0.55¢

2 Means + SEM obtained from 4—6 incubations
b—d Mean designated by different letters differs significantly (P < 0.01)

‘TCA powder’ was prepared from avian PTB by a procedure similar to that in [12]

(A. M. et al. in preparation)
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significantly the production of 1¢,25(0OH),D;,

(table 2). The response to BPTH was less pronounced
than that to avian PTG material. 24 25(0OH),D; pro-
duction was significantly (Z < 0.01) reduced by
BPTH (table 2).

4. Discussion

Freshly prepared kidney cells produced in vitro
more 1a,25(0OH),D; than whole homogenates, on the
basis of tissue protein. Kidney cells, from cholecal-
ciferol-deprived chicks, retained their ability to pro-
duce in vitro large quantities of 1«,25(0H),Dj, relative
to cholecalciferol-fed chicks, in agreement with docu-
mented observations with homogenates [1-3]. Thus,
once stimulated in vivo, the activity of 1-hydroxylase
is maintained in intact kidney cells in vitro for 23 h,
This is in accord with the relatively long half-life of
the enzyme (11.3 h) asestimated (S. H. et al., in prep-
aration) from the results in [16}].

Here homogenates, slices, extract, or “TCA powder’
of avian parathyroid gland stimulated the production
of 1a,25(0OH),Dj; by kidney cells. Such an effect was
observed in >>15 trials carried out with kidney cells
obtained from cholecalciferol-fed chicks. The increased
production of 1a,25(0OH),D; in response to PTG mate-
rial in the various trials, was +60% to +170%. The
response of the cells which had been stimulated in
vivo, such as cholecalciferol-deprived birds, parathyroid
material was <20%, and the effect failed to reach sig-
nificance. Thus, the demonstration of a response of
kidney cells to parathyroid hormone may depend on
the use of animals with an appropriate nutritional
history, The use of pre-stimulated animals could
explain some of the earlier results which failed to
indicate a response to PTG [9,10].

The response of the cells to PTG homogenate or
extract was considerably lower in magnitude than
that observed by in vivo stimulation (vitamin D defi-
ciency, low calcium diet). This could be explained by
the relatively short incubation time in comparison
with the 3—4 days of stimulation [16] required to
reach maximum enzyme activity in vivo. Nevertheless,
3 h incubation in vitro were sufficient to produce a
significant response.

The response to parathyroid extract could be
obtained only with intact cells (table 4) and not whole
homogenates, in accord with the documented interac-
tion of PTH with cell membrane sites [17]. Therefore,
the results of this study support the concept of direct
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stimulation of 1a,25(0OH),D; production by PTH
through a mechanism requiring intact cell membranes.

Pure BPTH (table 2) at the concentration used in
here resulted in a smaller response than that produced
by avian PTG material, despite the lower activity of
avian PTG material, based on production of cyclic
AMP by kidney cells in vitro. Such a modest response
was also observed in [8,11]. This would suggest some
species specificity.
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