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'ABSTRACT

Abstract of the thesis entitled "EFFECT OF VITAMIN D ON RIBONUCLEIC
ACID SYNTHESIS IN BONE" submitted by Sue Ann Shelley in partial fulfill-

ment of the requirements for the degree of Master of Science, June, 1971.

The effect of vitamin D on the incorporation of 34-uridine into
RNA of rat bone cells was studied using an in zigig system. Rachitic
rats were treated with 5,000 I.U. of vitamin Dy or with the vehicle
only. In some experiments each fa; received 100 pg of actinomycinm D
before treatment with vitamin D or vehicle. Five hours after the
administration of the vitamin or vehicle the rats were sacrificed and
the 'huu..v\.”“., tivias :exzu.a-¢mu;a Cemoved . VFLagiuﬁilL‘S of trabecular bone
vwere dissected out, washed and inchba;ed:in mediuﬁ containing 1 pCi/ml
of 3H-uridine for & hpufs. After'incubation the bone fragments were
'hwashed repeatedly and the bone cells isoléted.
! In some experiments RNA was extracted from the bone cells with
phenol =sodium dodecyl sulfate and the specific activity of the RNA
determined. In other experiments the RNA was separated into two
fractionS“by sequential treatment with phenol-SDS at 45°C andIGSOC.
The specific activit;es of both fiactions of RNA were then determiﬁed.
- Comparison of'the spec;fic activities ef the RNAs from vitamin Dy
' tfeeted and from control rats was used as the basis to determine the
.effect of vitamin'D3, and vitamin Dy following actihomycin b.treatment,

on‘the incorporetion‘of 3H-uridi’ne into RNAs of rat bone cells.




Treatmeﬁt with vicamin‘D3 increased the incorporation of 3ﬁ—uridine
into the cytoplasmic RNA of«rachitic bone cells iﬁ this in vitro system,
Prior treatment of the animals.with actinomycin D largely inhibited this
increased RNA syhthesis, but the specific activity of the RNA frqm
vitamin D treated animals was still greater than that of the contréls.

;Vitamin D treatﬁenﬁ waé found to stimﬁlate the incorporation df
3H--uridine into both RNA which could be e#tracted at 45°C, which is
believed to be a‘mixture of cytoplasmic and nucleolar RNAs, and’RNA
ext:aéted at 65°C. The RMA éxtfactable at 65°C.is-though£ to beiﬁucleo-
plasmié RNA with a basé ratio similar to that of DNA, and is possibly
'a precursor to messenger RNA. In other tissues synthesis of the 4500

RNA has been shown to be inhibited by actinomycin D while the synthesis

of the €500 mMA-ic pelptiwsly fmcimcitive £o actinomycin D. However, Lt
was féun'd that actinomycin D did not inhibit the vitamin D stimulated
‘increase in incorporation of 34-uridine into either ofvthesé fradtiaﬁs
of'bone,ceil'RNA.r . |

»Vitamin D abpears to increaée the synthesis of ail‘types of bone
‘ cell:RNA. vThe vitamin D'stimu1ated synthesis of cytoplasmic RNA“coﬁld
be lafgely blockedvby prétreatment with’actihomyCin D, butvﬁhe ;itgmin D
étimulétéd’syﬁthe;;s of nucleolar and‘nucieoplasmic RNA was uﬁaffected
by actino;yéin D treatment. It appeais_froﬁ these experiments'fhat one
effect qf vitamin D ig/the stimﬁlation of RNA' synthesis in bone éells,

but the importance of this increased RNA>synthesis in the mode of action

of the vi:amin is not yet clear.
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CHAPTER I

INTRODUCTION

Vitamin D plays an essential role in the absorption of calcium from
the small intestine and in the mobilization of mineral from bone. lByr
these actions it funcﬁipns to elevaté calcigm and phosphatevlevels in the
serum, which ére necessary for normal bone mineralization. Thé:primary
end effect of vitamin D is, therefore, calcification of bone, although a
direct effect of the vitamin on the calcification process has not-yét
been demonsfrated. A deficiency of vitamin D then results in defeétive
calcification of bone. In young animals, the deficiency disease is
rickeﬁs, and in adults, this failufe of calcification gives rise to
osteoid seams which are characteristic of the condition known as osteo-
wmalacia.

An important characteristic of vitamin D action is the lag-time

after administration qf vitamin D to a deficient aniﬁal before any
physiological_reSponse4£s noted. - The lenétﬁ,of the lag time is frqmn‘; “
4 . to 24 hours erending on the dosage and thg mod; of administrétioh.
The events that occur during this time are currently under intensive:
investigation. Important discéveries in recent years that have'parfially '
answered the question of what happens Auring this time period are the
isolation and characterization of biologicaily active metabolites of
vitamin D. o

Metabolites of vitamin D first isolated were soon identified as

esters of vitamin D and long chain fatty acids (Fraser and Kodicek, 1965),

butbthese‘nOW'appear to.be of minor functional importance (DeLuca, 1967)_




Another metabolite, more polar than vitamin D3 (cﬁolecalcifefol)

proved to be of major interest. This metabolite, when.givén thréchitic
animals, was more effective in the cure of rickets than the parent
vitamin (Blunt et al., 19685). It also stimulated intestinai'calcium
transport and bone mineral mobilization morg rabidly than did vitamin D3
(Morii et al., 1967). This active metabolite, isolated from plééméﬁbj :
silicic acid column chromatography; has been identified as 25—hydro;y-
cholecalciferol (ZS-HCC) (Blunt et al., 1968a). Also, 25-HCC has been
chemically synthesized and shown to be identical to the isolated materiél
(Blunt and DeLuca, 1969). The corresponding metabolite from vitamin D,y
(ergocalciferol) has alsd been isolated and idgntified as 25-hydroxy-,
ergocalciferol (Suda et al., 1969). 1In addition, dihydrotachysterol3,
a compound structurally related to vitamin Dj and with some biologféil
activity like vitamin D, has-been shown to be converted to 25-hydroxy-
dihydrotachysterol3 in vivo (Hallick‘and Decha, 1971).

Evidence that vitamin D must be hydrox&lated at carBon 25 beforé it

is effective was obfained in isolated end-organ experiments. Using an

intestinal perfusion system in which calcium transport can be studied,

Olson and Deluca (1969) reported that direct infuéion of as much as

250 ug of vitamin D3 into the mesenteric artery of vitamin D deficient
animals had little or no effect on calcium transport. On the othef hand,
when 0.25 pug of 25-HCC.was infused, calcium transport rosé to normal
lévels in about 1.5 hours. Other‘evidence.that 25?hydroxylation is
necessary for biologicai activity comes from studies of'mineral

mobilization in fetal bone_culturés. Trummel et al., (1969jidemdnstrated




that as little as 0.9 Interﬁational Units (I.U.) of 25-HCC pér ml pf
culture media induced release of previously incoréorated calcium-45
from fetal rat bone, while as much as 400 I,U, per ml of vitémin~n3
was without effect. These results provide strong evidence that 25-
hydroxylation of tﬁe vitamin D molecule is essential for its aéti&ity.

It is also evidént'from the above dat#'that both intestine and bone
lack the ability to convert vitamin Dy to 25-HCC. The liver has been
indicated as the major, if not sole, site of the 25-hydroxylation of
vitamin D3 by experiments dealing with the disappearance of fadip;ctivity
from the plasma after-3H-vitamin Dj injection and the appearance;of
25-HCC in the plasma (Ponchon and DeLuca, 1969). Total hepatectomy
resulted in the toal loss of ability for the formation of ZS-HCC »
(Ponchon et al., 1959). Poth porfused liver and liver hcmogenéfcé?are
able to form 25-HCC in vitro (Horsting and DeLuca, 1969).

That 25-HCC is the major form of the vitamin circuiating in the
blood has been shown for man as well as for'experimental animéls (Mawer
et al;, 1969). However, recently Cousins et al., (1970) have demonstrated
thatVZS-HCC is metabolized very)rapidly to metabolites more polar than
25-HCC. Previous work by Haussler et al.; (1968) and Lawson eﬁ al., (1969b).
had already indicated the presence of a metabolite more polar than 25-HCC
in the nuclei of intestinal mucosal cells. This metabolite was aiso_
detected in liver, kidney, bone and blood (Lawson et al., 1969c). ini
. the in#éstine, which contains the highest quéﬁtify“of this metabolite,
the concentration is very low, and it hés been found never to be above

1 ng/g tissue. This metabolite, tentétively identified as 1,25-dihydroxy-




cholecalciferol, is the predominant form of the vitamin found in the
intestine after a phySiolbgical dose of vitamin Dj (Kodicek et al., 1976).
The biological activity of this metabolite has been\reported to be at
least twice that of 25-HCC in stimulating intestinal caléium transport
(Kodicek et al., 1970; Myrtle and Norman, 1971). Myrtle and Narman (1971)
also report that this. polar intestinal metabolite greatly shortens the .
lag time for maximum calcium transport as compared to 25-HCC. Omdahl
et al., (1971) also report that this metabolite is very active in
stimulating calcium‘absorption,‘demonstrating a shorter lag time than
25-HCC. However, they found that this metabolite, while demonstfating
nearlyvequivaleht bone mdbilization activity, had less than one-half of
.the antirachitic activity of 25-HCC.

¥raser and Kodicek (1570} have identified the site of hioéﬁniﬁésié f
of 1,25-dihydroxycholecalciferol fo be the kidney. They found that the
intestine,Alivér; adrenals, parathyroid, thyroid, thymus, bone; erythr6¥
cytes and blood plasma all failed to converf 25-HCC to the "1-oxyéenated
25-HCC". DeLuca (1971) has reported that his iaboratory has confirmed
the findiﬁg that thisiintestinally-active metabolite is generated |
exclusively in kidney tissue. - |

Another metabolite of vitamin D3 Basvbeen isolated from plasma and
identified as 21,25-dihydro£ycholeca1ciferol. This metabolite is one-
half as active as viéamin D3 in rats in the cure of_riqkets_and in
intestinal calcium transport, but is more active in the mobilization

of bone mineral. (Suda et al., 1970). The site of-synthesis of this

 metabolite which is preferentially active on bone has not yet been found.




5

At present, it is.not possible to.state codclusively'ﬁhat form of -
vitamid D is the form active at the target tissues. Hydroxylation at
~ carbon 25 has been shown to be necessary for act1v1ty, but whether 25-HCC
is active in the target tlssues or whether it must be further metabollzed
is not yet clear. It is possible that both 25- HCC and more polar ,f
metabolites may ‘be- activeiat the" target tissues:

The way in which vitamln D metabolltes.act at a cellularrieﬁpi;;e ‘
regulate calcium transport has been suggested to involve‘ihteractigeiy‘
with the genetic material of the cell stimulating kNA and subsequently
protein synthesis; ,Severel liees of evidence support this m@delﬁggé

vitamin D action.

Stohs et al., (1967) have shown that admlnlstratlon of vitaginibg

to rachitic rats stimulates two or threefold the incorporation. gg;
3H-orotic acid into the RNA of the intestinal,mucosa. 7 .
occurred within 3 hours after vitamin D3 administration and was: eagecially
noted in the nuclear RNA. TIzzo (1970) reported that vitamin D alaqﬁ‘“
increased the incorporation of 3H-orotic acid and 3H-uridine_intq?§gnef:
RNA, with some inerease,after 3 hours and a ﬁaximal resPonse¢9?heuﬁ§ix
aftervadministration of vitemin D3; A careful stﬁdyvof the,effegttg‘

- of vitamin D3 on nuclear metabolism-in ehick‘intestinal,nuclgi ﬁyi 5
Lawson et als, (1969&) revealed that the ﬁroportions of RNA,sDNA'snd
protein of the isolated'nueleivwere unaffected by the vitamin D status

of the animals. However, thetincorperation of-3H-erotie,acidjinto the
1ntest1nal nuclear RNA was increased in vitamin D deficient chicks

only 10 minutes after a 125 ug dose of vitamin D3. Also, they reported




that there was no stlmulation of DNA-dependent RNA polymerase act1v1ty
_of the 1solated nuc1e1 from chicks treated with v1tam1n D3 These
results suggest that since vitamin D does not cause an 1ncrease in RNA
polymerase activity, it must affect the other factor of the RNA :
poiymerase‘system, namely the chromatin,

ThHe ‘polar metabolite, which now appears to be 1,25- dihydroxychole-
calciferol, has been shown to be selectlvely localized w1th1n the nuclei
of the intestinal mucosa cells (Haussler and Norman, 1967' Haussler et al.,
1968). . Lawson et al., (1969c) reported that 1solated chromatin frém
intestinal mucosa cells contained 507 of the radioactivity 16 hours after
injection of radioactively labeled vitamin D3.' It,has been,shown~%§
Hallick and DeLuca (1969) more directly thet vitamin D increaee§®¥£2i‘v
templete activity of chromatin;frOm rat intestine. 1In these eiﬁéiiiihﬁsf
chromatin, isolated from vitamin D deficient rat intestine andnérai%?q"
‘1ntest1ne from rats given vitamln D at various times prior to killing, "
was 1ncubated with highly pur1f1ed E. coli RNA polymerase and nucleoside
trxphosphates containing 14C-ATP in an appropriate medium. Incqrporation
of ;4C-ATP into the RNA during incubation was a measure of theqt;;plete
activity of the chromatin.‘ In these egperiments a very definite?Etimua
‘ lation.in tempiatevactivity following vitamin D treatmentvwasiaemonstrated.
‘TheSe results support the concept'that Vitamin'b unmaske‘epeeific genes |
which are then available for trenscription by RNA polymeraser. Tne
‘ neégenger RNA thus produced conld code for functionai'prOteins‘involved

“in calcium metabolism,
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Two such proteins ﬁave been identified in the intestine Whicﬁ<may
‘take part in fhe active tfansport of calcium, Wasserman and his
colleagues have diséovered, isolated and characterized_é‘caléiumhﬁinding
protein from chick-intestinal mucosa which appears following vitamin D
administration (Wasserman and Taylor, 1966; 1968; Wasserman‘ét‘al;, 1968).
This protein has a high,affinity'for:calcium and_appears to~béw¢ox£ela£éd
with manylaspects of intestinal célcium transport (Taylor and’Wﬁﬁ%érman,'
1969). Another pfotein, a calcium;dgpendent adenosine triphdsﬁﬁéfﬁ3e 
has been demonstrated in the brush border isolated from the inté&tiné:of
rats and chicks given vitamin D (Martin et al., 1969; iMelanCOn“aﬁd DeLuca,
1970). Enzymatic adtivify is minimal or absent in animals défiéi%nt~ih, N
vitamin D, and there is a correlation between the time of appedfﬁﬁﬁé”bff
the/calciumﬂ&epeh&enthT?ase*an& calcium transporﬁ. The intefiéﬁiéégnsﬁip
between these proteins is not known, but it is possible that bdﬁﬁ*ﬁjﬁ%ems
operate in calcium tranSpdrt in the intestine or that the calciuﬁ%stimulated ,
ATPase may be associatéd‘in-éome way with tﬁe action of the caICiﬁmébfﬁ&ihg
‘protein. e

No such pfotéins héve been found in bone where vitamin»D*dTéb”?f
plays a role in calcium metaboiism. AIn fact, Taylor and Wasséfﬁ5ﬁ7(1§69)
have been unable to find a calciumibinding proteip in bone.‘-Théi"
reppft that if it is present it muét be at a concentration'of 1¢§s than
10 pg/g of bone cells on a dry weight basis, which is about 200 times
less than that found in the intestinal mﬁcosa of vitaﬁin D ‘treated

rachitic chicks. Recently, Canas et al., (1969) have demonstrated that

one of theAearly.effecﬁB of vitamin D ondbone'in‘:achitic'chiéks is the

o ——————




. stimulation of bone collageﬁ synthesis, which would provide new'mé:rix
for the deposition of mineral. This stimulatory aqtion of:the'Vitamin
appeared to be somewhat specific for bone, because collagen synthesis in
v the skin pf the same animal was unaffected.
The effect of actiﬁomycin D, an inhibitor of DNA-directgd‘RNA '

synthesis, on tﬁe.actions of ﬁitamin.D is a-subjeét'of particular’
interest in attempting to understand the mode of action of viﬁamin D.
Eisensteiﬁ and Passavoy (1964) first reported that the.hypefcalqemié‘
response to large.dosegvof vitamin D was blocked by actinomycin D.
That actinomycin D blocks both the rise in serum calcium norﬁally ]
inducedjby vitamin D and_the increased transport of calcium by the . .
intestiné was shown‘By Zull et al.; (1965)'and Norman‘(1965). Actinomycin
D given aftcr vitamin D administratiou did nol block the effect.of: é’hef'. |
- vitamin, suggesting thatfit inhibité soﬁew;ery,early-event neceéga:y fq? ‘,
the expression of the physiological-action_of vitamin D. gtoh§Fetm;1:; ffﬁm
(1967) found that actinomycin D completely(ﬂlocked the vitamin D st;mﬁlétedf
increésevianNA synthesis in intestinal mucoéa. In the intestinal-pgrfusiqﬁ '
system described by Olson and DeLuca (1969), actinmecin D"administerédT' ,
to the animal prior to 25-HCC Bloéked the rise in célciﬁm.tradsportvﬁﬁt;_-
actinomycin D given after 25-HCC 'had no'effect (beLﬁca, 1969). Izzo,
(1970), however, found that the s:imulatory action of vitamin'D on RNA
syﬁthesis in bone‘couid/pot_bg"completely_blocked by pretfeaﬁment ﬁitﬂ-
actinbmycin D. | ‘ |

"ActiﬁomYCin D is'knowh to ﬁlock DNAPdepéndent RNA synthesis'by‘

binding to the dqnbie‘stréndédeNA,' Actinomycin D interacts with a

S—




guanosine-cytosine nucleotide pair by intercalating its chromophore
between two adjacent_hase‘pairs in the DNA (Muller and‘Crothers, 1968).
However, little is known about the mechanism,of binding of’actinomycin‘D
to the cell nucleus in vivo. Ringertz and Bolund (1969) found that.
preparations of deoxyribonucleoprotein bound only ome moleeule'of 5
actinonycinvper‘35~140 nucleotides whereas.DNA ﬁreparations*bo&nd’h
1 actinomycin D per 14-20 nucleotides. The binding of actinoijln'D :
to DNA in the chromatin of different eucarocytes'showed propertlee;
similar to the hinding to. DNA, but this blnding was restrictedfhylthe”
chromos omal proteinsf | | 2

Low doses~of actinoﬁ&cin D have been-ehown‘to effectivelyfeuoprees

the formatlon of nucleolar and cytoplasmic RNAs, whlle leaving the

synthe81s ot other nuclear RNAs relatively unaffected (Perry, 1963)5*3;.{
Penman et al., (1968) have also studled this heterogeneous nueleoplaenic'
RNA, whose synthe51s is relatlvely unaffected by doses of actinomycin D'
which completely 1nhibit synthe81s of r1bosoma1 RNA. This RNA has a
un1que base comp051t10n of 45 moles % guanine plus cytidine, resembling
'.that of DNA, as’compared with ribosomal RNA's 70 moles %-guanine;plus
cytidine 'This DNA-llke-RNA ‘has been separated from other kﬁe;fhy.
successrve phenol extractlons at 1ncreasing temperatures (Georgiev

et al., 1963). Treatment at 25°C y1e1ds cytoplasm1c RNA which includes
tranefer‘RNA and ;ibosemal RNA. Treatment at 45°¢ yields nucleolar RNA,‘
‘which is believed to be the newly formed ribosomal RNA. Extraction at

65°¢C ylelds nucleoplasmic RMA, a heterogenous DNA like RNA, which may be

.a precursor to mRNAr This 65°C RNA fract1on has been shown to have a

e " . .v :~ ‘.. v, o ..vi‘t, BaNE?




SR Tt

10

much greater template activity in a cell free system than the other

RNA fractions (Méch and Véssalli, 1965), But whether a small‘ﬁorﬁibn‘or
any of it is truly messenger RNA has yet to be showm.

An understanding of how actinomyciﬁ D blocks vitaﬁih D acfidh’is.
important in- determlnlng the actions of vitamin D at the. cellular level
The failure of actinomycin D to completely 1nhib1t the vitamin D |
stimulated increase in RNA synthesis in bone might reflect a relati§ely

‘larger increase in the synthesis of this heterogeneous nucleoplasmic

RNA in bone cells in response to vitamin D treatment than in the intestine.b

STATEMENT OF THE PROBLEM

The end effect of vitamin D is the calcification of‘bone,vhuﬁul&ttlé:
is known abbut the direct action of the vitamin on bone. Moscmatudies o
on vitamin D action have focused on its role in the intestinakvab&drﬁfioni
of dietary célcium. For many years it was widely accepted that,thiifvw
action was the sole basis for the antirachlpig(action of vitaminh D, = ..

The stimulation of bone mineral mobilization by large doses of vitamiﬁip

‘was well known but was generally assumed to represent a toxic rather

than a physiologid action of the vitamin., Carlsson (1952) provided =

indirect evidence that low doses of vitamin D can enhance the movement

iof-calcium from skeletal tissue to blood_by stimulating,bdnepmesprpcion.

This has been confirmed by the findings of Blunt et al, (1968b) who

- showed that both‘vitamiﬁ D5 and 25-HEC cause an increaselin;nhe serum

calcium of vitamin D deficient rats on a calcium-free diet. 'There is

now general;agreeﬁent thatvvitamin D plays-alfole in the_physiologic
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regulation of bbne resorptioﬁ, but little is knownrébout ﬁow the
vitamin acts on bone celis:to cause this responSe.

Parathyroid hormone (PTH) is alsq an important factdr in.stiMulating
bone resorption. Steinberg and Nichols (1968) found a very‘earlyj
stimulation by PTH of DNA-directed RNA synthesis in at least’somé’bdne
cells. Owen and Bingham (1968) using autoradiography,'found thét'fTﬂi
stimulated RNA S§ﬁtheéis in osteoélasts ahd inhibited RNA synthesi;.ih
osteoblasts. Raiéz (1970) has reported thaﬁ after a few hoqrs 6fffi
exposure to 25-HCC or PTH, either singly or together, bone cuitﬁféé_v
begin to show resorption and this process continues even when thg{ﬁh
agents are»removed. Actinéﬁyéin D, when present during or immedi@fely
after the treatment with 25-HCC or PTH, abolishes the bone resotptiqn'
response, but actinomycin D did not completely block the respons¢ ﬁhen
given two hours after ZSQHCC or PTH. This indicates that an actinomycin
D sensitive step, which is presumably RNA synthesis, is involved in. the
inductioﬁ of the_;eéorptive.respdnse. |

| Izzo (1970) using an in ﬁi!g system found that vitamin-Dé stimﬁlatéd
the incorporation of RNA precursérs into bone RNA. Whether this inc:easg
in RNA synthesis is relatedrto bone resorption 6: in some.way.to thé
calcification process is not known. However, he found that pretfeatment
with éctinomycin D could not_completely block the vitamin D stimulated
incréase in-RMA syntheéis. Sinée the synthésis Qf'some,nuclgar.RNAs
are knownvto be insensitive to inhibitién by-actinomycin D, it éppeared
possible that vitamin D was'selectively stimqlating tﬁé ihéofporation

of 3H-oroticvacid and 3Hi-'uridine'i.nto these-nucleaf RMAs, which are
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postulated to be'precursors of messenger RNA. This messenger RNA could
conceivably code for Some‘protein or proteins necessary for inéreaéed
calcium mobilization, or possibly for sdme protein such as collagen)
ﬁecessary for calcification of new bone. .

" The purpose.of this research is to investigate the effect'éf‘>
vitamin D on theVSynthesis of various types’®of RNA in bone celiéfand*tOf
determine the effect off?fetreatment with actinomycin D. An 12 §2559
system will be used to permit isolation of RNA with a higher specific
activity than that obtained by Izzo (1970), but will still alldw;:
sufficient time for vitamin D3 to be ﬁetabolized to its active formi"

in the intact animal.
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CHAPTER II

MATERIALS AND METHODS

GENERAL EXPERIMENTAL DESIGN
Rachitic rats were obtained by maintaining 50-60 gram Holtzﬁapkfats
~on a vitamin D deficient diet for 4 to 5 weeks. Reduced growth Aﬁa‘

increased'se:um alkaline phosphatase levels were used as parameters to,

determine that the rats were rachitic.
The rats ‘were divided into two groups' in one group each rét'
recelved an 1nject10n of 5 000 1, U. of vitamin D3, and each rat in the S

. other group received an inJectlon of the vehicle only. In some experi-

ments, each rat received an inJection of 100 ug of actinomcyin D two

‘hnurs prior to treatment wi*“ "itamin D or the vehicle. Five'hﬂﬁts\e '

after the admlnlstratlon of the V1tam1n or veh1c1e the rats were
A

sacrificed and the humeri, tibias and femurs removed. Fragmentseefwwww'w"
trabecular‘bone were dissected out, washed and incubated in Kreb&4§inget
blcarbonate buffer contalning 1 uCl/ml of 3H-urldlne at 37°C in an

atmosphere of 5% €02 and 95% 0 for 4 hours. After 1ncubation fﬁiéﬁone

vitw

fragments were washed repeatedly and the bone ce11s 1solated.
 In some. experiments RNA was extracted from the bone cells‘ihﬂ ‘the
vspeciflc act1vity of the RNA was. determined to see if vitamiﬂ ﬁ’ftimulated

‘the incorporatlon'of 3

H;urldine into RMA in this in vitrofsysﬁem, The
RNA was.extracted'from the bone-eell pellets with pheﬂﬁl?hd&fﬁﬁ’&bdecyl
sulfate (SDS). The RNA'was‘precipitated,from solutioﬁfwith;sddiﬁm chloride

and ethanol at -20°c fqr'ié hours and collected by-ceﬁﬁﬁﬁf&gatibﬁ at
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12;000vg for éO minutes. After treatment with DNase, residual protein was
removed by eXtraction with phenol-SDS, and precipitating and centrifuging
as above. A Sephadex G-25 column was used to free the RNA from the phenol
and DNA nucleotides. The RNA was then precipitated and centrifuged and
the final precipitatebdissolved in a small volnme of eodium acetate buffer
: for spectrophototmetric measurement and for scintillation counting.‘ A.
compar1son of the specific activities of the treated and control)samples
was made to determine whether or not vitamin D enhanced the incorporation
of 3H-urldine into bone cell RNA.

In other experiments, the RﬁA was separated into.two.fractionaqoy
‘sequentlal treatment with phenol and SDS at 45° ¢ and 65°C. Each fraction
- of RNA was pur1f1ed and concentrated as above The specific activities
of the RNA fractions from treated and control anlmals were compared to
determine the effect of vitamin D and act1nomyc1n D on the synthesis of

the various types of RNA.

ANTMAL MAINTENANCE

Male albino rats (Holtzman Company, Madison, Wisconsin) wéigning
50 to 60 grams were maintained in a‘;ooﬁ\withont sunlight on a nitamin D
deficient diet with a calcium/phosphorus ratio of 5.85 (Rachitogenic Test
ﬁiet, U.S.P;; Genera1~BiOchemicals,.Chagrin Falls,40hio). ;Animals fed
‘a normal diet (Wayne Lab Blox, Allied Mills, Chicago, Illinois) served as
controls. A total of twenty control rats, used at various times over a
'period-of,about one»year,.ranged in weight from 230 to 270 grams after

maintenance for four weeks on the normal diet. One hundred tﬁirty-four
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rats fed the vitamin D deficient diet, used as various times over the same

period of one year, ranged in weight from 70 to 90 grams.

DETERMINATION OF SERUM ALKALINE PHOSPHATASE

In addition‘to redqced growth, serum alkaline‘phosphatase lévels
‘wére measﬁred to confirm that the rats were rachitic. Increased éérdm
alkaliné phosphatase is one of the early signs of a rachitic étaée.

- The method used for determination of serum alkaline phosphatase is
that of Bessey et al., (1946). Alkaline phosphatase catalyzes the
hydrolysis of the substrate, p-nitrophenylphosphate into p-nitrophepol
and'phosphate. p-Nitrophenylphosphate absorbs in the ultraviolef‘region
but not in the visible range, whereas p-nitrophenol in’aikaline @édium
is vellow andﬁhaévan absorntion maximum at 400 nm. The phbsphaéiﬁé

activity is directly proportional teo the amount of p-nitrophenol5libérated

per unit time.

Prepara;ion_gg Solutions

1. Alkalineabuffér.solution - 0.2 M Na,C03-NaHCO; buffer, pH 9.4
1.06 grams of Na2003‘and 3.36 grams of NaHC03 are dissolved in
distilled water and the solution diluted to 250 ml.

2, Substr#te =~ p-nitrophenylphosphate
.20 mg of ponitrophenylpﬁosphate (Sigma Chemical Company,vst. Louié,
Missouri) is 9issolved in 5 ﬁl of dis;illed watei and to this
solufion'is added 175 ml of the alkaline buffer solution, pH 9.4,

3. Standard - p-nitrophenol, 5 mM |

69.6 mg of p-nitrophenol (Sigma Chemi cal Company) is dissolved
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in 0.02 N NaOH and diluted to 100.0 ml with 0.02 N NaOH.

Five microliters of various dilutions of the standard solution of
p-nltrophenol were added to 100 ul of substrate and 200 yl of O, 02 N NaOH.
After mixing, the optical density was measured at 410 nm in the Beckman/
Spinco 151 Spectro-Colorimeter. This data which was used in the'preparation
of a standardicurve is shown in Table I. The.linear relatidnship7'
between the optical deﬁsity at 410 nm and the concen;rétiohvcfAp-@;tro-
phenol ié shown in Figure 1.

Serum alkaline phosphatase measuremenfs were carried out usingﬂserum
obtained ffom blood samples collected from the tail vein of the rats.
Five1microlitefs of serum were added to 100 ul of substréte-and 1hcubated
at 25°C for 30 minutes. A blank was prepared by using 5 ul of distilled
‘water and a standard was prepared with each determination using 5 ul
of 1.667 mM p-nitrophenol. ‘ B e ‘u;;iw_

At the end of’the incubation period, thevréaction was termiﬁa#ed
by ad‘dir.1g> 200 yul of 0.02 N NaOH to each tube. The optical density was
;easured at 410 nm in the BeckmanlSpinco'lSl Spectro—Coloiimeter.\ A
correction for the yellowish color of serum was made by adding 5 ul of
serum to 300 pl of 0 02 N NaOH and substracting the optical density at
410 nm from that of the sample. |

A unit of alkaline phosphatase‘activity is defined‘as the amount of
eﬁzyme that will liber;te 1 pn of p-nitrophenol in 1 hourr‘at_pH 9;4:and'
2$°C. For comparison of nérmal and‘vitamin D deficient &alﬁes, the alkaline]

phosphatase activity is expressed as units per milliliter of serum.
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TABLE I

STANDARD CURVE DATA FOR DETERMINATION OF SERUM ALKALINE PHOSPHATASE

pm p-Nitrophenol ‘Number: of Saﬁxples - OD.“OM& :
x 1073 /m1 | |
2.2 4 0.020 + 0.005
4.5 ' 4 [0.043 + 0.005
9.1 4 0.084 + 0.001
18.2 4 0.161 + 0.009
27.3 4 0.238 + 0.016
36.4 4 0.314 +.0.002
45.4 A ! 0.398 +0.016

%
Mean + Standard Deviation
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TREATMENT WITH VITAMIN D AND ACTINOMYCIN D

Five milligrams of orystalline vitamin D3 (Mann'Laboratories;
New York, New Yorﬂj were dissolved in 0.5 ml of 95% ethanol end then
diluted to 10 ml with 1 2-propanediol Five milllgrams of vitamin Dy
are equivalent to 200, 000 International Unlts- therefore, one milliliter
Ofothigoso}ut&onwcontainndfzQ,QOO I. U.»ofivitamin~D3;

treated with vitamin D received an intraperitoneal injection*of.o;isrml'

anh&raﬁﬁto#be?~

of this solution containing 5 000 I. U. of vitamin D3.

The control animals were injected with 0. 25 ml of the vehicle._
This solution was prepared by mixing 0.5 ml of 95% ethanol and 9. 5 ml -
of 1 Z-propanediol

A solution of actinomycin D was prepared by dissolving acciﬁbmycin D
(Calbiochem, Los Angeles California) to a concentration of Zﬁ@*ug/ml in
;0.91 saline. Each rat to be treated with actinomycin D receivedian _
intraperitoneal injection of 100 L8 (0.5 ml) of this solution;;. |

:In each exoeriment, equal numbers ofvrachitic rats were'injected
with nitamin D and with the vehicle, The rats were injected at 20
minute intervals so that each animal could be sacrifioed and the bone -
sanples orepared for incubation exactl}ISYhours_after injection;f,ln ‘
'somevexperlments actinomycin D was lnjeoted 2 houre prior.to:tnen
’treatment with vitamin D or vehicle. | o

Ve

INCUBATION OF BONE FRAGMENTS WITH 3H-URIDINE

Five hours after treatment with vitamin D3 or vehicle the animals

were sacrificed by‘deoapitation. The humeri, tibias and femurs were.
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‘quickly removed_and placed‘ih cold Krebs-Ringer bicarbonaté buffer
solution. ~After all the bones from one rat were Collected, eachrbbne
was freed from ektraneous tissue and split'ién;itudinally. fhe bone
marrow was washed out with pressure by using a syrinée containingv |
Krebs-Ringer bicarbonate buffef solution and a 25 gauge needle. Sﬁall
.pieces of trabeculaf.bonakweré dissécted»oufﬁand washedfagainw; Thé«4
cleaned bone fragments had a slight creamy color, but no.visiblg'
~evidence of bone marrow contamination.

The bone fragments from eéch rat were placed in a small vial
containing 2.5 ml of the incubation medium and loosely covered with
aluminum foil. The samplés were incubated in a shaking water bath at =
_37°C in an atmbséhere of 5% CO2 and 95% 02 for four hours. At thé end
of the incubation period fhe,sémples were Fhiiied in an ice Batﬁ'aﬁd thé
- medium immediately removed. The bone fragments were then washed 4 times
with cold Krebs-Ringer bicarbonate buffer and & times with cold S
phosphate-buf fered éaline (PBS) and kept,in‘cold PBS until all samples .

iﬁ an experimental group were collected.

Preparation of Solutions

‘1. Krebs-Ringer bicarbonate buffer with 11;g§ glucose, pH 7.4
1000 ml of 0.90% NaCl | |
40 ml of l.ISZ’KCi
30 ml of 1./22"/° CaCly
10 ml of 2.11% KH,PO,
10 ml of »3.82%_'Mgso,,¥7uzo
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The ébove solutions are mixed and to this mixturé_is“addéé
210 ml of 1.30% NaHCO3 and 2.58 grams of glucose. Five i)éfcént
CO9 is bubbled through the solution for 10 minutes to obtain a’
.pH of 7.4. The buffer solution is stored in glass stoppered
- bottles in the cold. | | o
2, Incubat«i.emsmediuma =
3H uridine (Uridine-5-T) with a specific activ1ty of 2& 9 C1/mMV
(Amersham/Searle, DesPlaines, Illinois) was obtained at a
concentration of 1 mCi/ml. A stock solution of 1005uCi/m1
was prepared-by dilufing 1.0 ml of the 3H—ufidine”tax1ﬁ;01m1
’with distilled watgf, Incubation media was made b§'diIutihg‘>_
1.0 ml of the stock solution of 3H-urldme to 100 (63 ml of
Krebs-Ringer bicarbonate buffer,‘glving a concentration of
1 uCi/ml of~3H—ur1d1ne.
3. Phosphate buffered Salineb(PBS)
A solution of 2.90 g/l of NazHP04 7H20 in 0.15 M Nacl and a  ,
solution of 0.768 g/l of NaH, POy, “Hy0 in 0 15 M NaCl were mixed

in proportions to give a pH of 7.4,

ISOLATION OF BONE CELLS

‘The method'employed for the.isolation'of bone cells is based on the
procedure described by Nichols et al., (1965).  The bone fragménts from
' ’ 7 .
6 to 12 animals on a like treatment were pooled and transferred to a

cold mortar. The bone‘fragmehts were ground by hand for"3_minutes,with

about 10 ml of a solution of PBS containing 0. 0673 grams of calcium chlorlde

wt(CaClz 2H20) per 100 ml of PBS. The,l;quld_waswthen,transfe:redito conlcal,';* 




. in other tubes, and. bone. cells were collected in'a pellet by cen&rﬁ‘“ £
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centrifuge.tubes. The grinding of the residue~WQS-repeate& i"more;times,v
edding the liquid to thevprevlously collected solution.’ Thls sclctiOn
was then allowed to stand in the conical tubes in the cold-fbt 20 minutes.
The calcified matrix material settles to the bottom of the tube and the

cells remain in solution; The supernatant was carefully removed, placed

at 750 g for 10 mlnutes_(Sorvall;‘RefrlgeratedvModel RCB-2, with Ss-l
Rotor). The bone cell pellets wefe kept frozen‘at -20°C untiliexttection
of RNA. | . , ’ | e | |
To conflrm that we were isolating bone cells.and nct bcneyeerrow ‘

cells, both were examlced by 1lght microscopy. Bone marrow ﬁhe”cbllected
from bones which had been split IOngitudinally by scooping 6ﬁt tﬁeMBone
:marrow‘and collecting‘it in a tUbe containing cold PBS. The'dclls,were
collected by centrifqgaticn at 750vg'fqr 10 minutes. Both bdce cell and
bcne marrow cellrpelletéﬂwere fixed in osmiclacid'andmembeddeéiic;ﬁﬁcn.r
One micron sections were étained with toluicine blue and exaﬁined hf

light'microscopy.

" EXTRACTION OF RNA

The method used for extraction of RNA was the widely used phenol
extractlon method described by Kirby (1956) which depends on the
“partition of RNA between aqueous buffer and 88% phenol. Steinberg '
and Nichols (1967) used,this method to isolate RNA from normal bone
cells. The method outlined telow is the same as that used by'Steinberg

and Nichols' except for the use of a Sephadex G=25 column to- ‘separate

RNA £rom phenol-f e _ — e J
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The pellet of bone Ceils was homogenized in 9 ml of a sucrose
medium composed of 0.25 gbsucrosevand i mM Mgclz.in_lo mM Tris-HCi
buffer, pH 7.4, using a ground glass homogenizer. The hoﬁogenate :
was made 0.5% with respect to SDS oy adding 1 ml of a 5% solution'of

SDS. After stirring for 10 minutes at room temperature, an equal volume

(10 ml) of phenol was added and the sample stirred at 400 for 30 minutes..

Centrifugation at 12,000 g for 10 minutes was used to break the emulsion.

The upper aqueous phase and the material at the interface were removed

. . [s . .
and reextracted with 5 ml of phenol for 10 minutes at 4 C and centrifuged.

The phenol layer obtained in the first centrifugation was reextracted
with 10 ml of the eucrose medium for 10 minutesrat 4°¢c and centrifuged.
The aqueous phases from each of these two latter centrifugetions_were
carefullv removed and combined. |

The RNA was precipitated from solution by adding 0.1 volume of
;2 M NaCl and 2 volumes of 957 ethanol and storlng overnight at -20° C
in a freezerw The RNA was collected by centrifugation at 15,000 g forr
20 uinutes The prec1pitate was resuspended in 8 ml of O. 02 M.MgSO4 in
- 0.02 M Tris-HC1 buffer, pH 7.4. This solution of RNA was treated with
| deoxyrlbonuclease (Worthington Biochemical Corp., Freehold, New Jersey),
at a concentration of 10 pg/ml for 20 minutes at room temperature with
stirring. The re31dua1 protein was removed by extractlng agaianith 0.5%
' SDS and 0.5 volume of phenol for 15 minutes at 4°C. After céﬁffifﬁgétibn
:to break the emu181on the aqueous phase was removed and the RNA was

_prec1pitated from solution with sodium chloride and ethanol as before.

After 90 minutes or longer,the precipitate was collected by centrifugation.};b

il
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This precipitate was‘diésolﬁed in 1 to 2 ml of distilled watef(
and was passed through a Sephadex G-25 column to remo&e the bNA ﬁuéleo-
tides aﬁd pﬁenol. The eluent from the column was monitored in a
Beckman DB spectrophotometer, uéing a 5 mm flow cell, 5y obserﬁing fhe
increase in optical density at 258 nm. The RNA collected from the
columﬁ was againfprecipitated with sodium cﬁloride and ethanol ﬁﬁdﬂthe'
final brecipitafe diséolved in a sméll volume of 0.25 M sodiuﬁ acétate
Buffér, PH 5.3. |
| The amount of RNA present was determined by using a standard
yeést RNA sample (Sigma Cﬁemical Company) and the Beckman DB spectro-

photometer at a wavelength of 258 nm.

PHENOL FRACTIONATION OF RNA

RNA was . extracted in the same way as described before, except ‘

that after stlrring the bone cell homogenate phenol SDS mixture for i

30 minutes at 4 C,. thlS mixture was heated and stirred for 15 mlnutes |
at 45° C. After centrifugation to ‘break the emulsion the upper phase

was remcved without disturbing the interface and the lower phase and :
1nterface were reextracted with sucrose medla and Sps for 15 mlnutes

at roqm temperature. After centrifugatlon_the upper phase was cggafully,
-removed and'éombined with the pr¢§io§s.équeous phase. The cOmbined“v
aqueous phaseé were reextracted with 5 ml of phenol for 15 minutés at
room temperature. Afteé centrifuéation, the upper phase was removed

and the RNA pfecipitated from solufion as described in thehp:eQious

section.
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Sixty-fivé degree RMA ‘was extracted By adding fresh phenol to fhe
interface material and homogenizing with SDS and sucrose media. After’
stirring for 10 minutes at room temperature, -the sample was heated and
stirred at 6500 for 15 minutes, It was then centrifuged, reextracted .
andAprecipiﬁated in the same manner as the 4590 RNA. |

Each of these saﬁpleé, 45°C RNA and 65°C RNA, were then.treatéd‘
with DNase, extracted again with phenol, separated on a Sephadex:G¥25

column and the amount of RNA present determined as described in the'(

previous section.

LIQUID SCINTILLATION COUNTING

_ A 0.2 or 0.5 ml aliéuot of the sample of RNA was placed in-a l

liquid scintillation‘countingvvial and.to this.was added 15 mllof.thé‘
toluene counting solution. The to1uene counting solution was prépafed
by dissolving 5 grams of PPO (2,5-dipheny16xazole) in one 1iteflbf;tolu¢ne‘
Té every 100 ml of this-solution was addedVZO ml of Beckman 901uﬁilizing'
reagent ﬁio—Solv BBS-3. Thé samples were counted in the LS-250
Liquidecintillation Spectrometer using tge automatic quench corféetion.'_'
A quench'curve was.prepared_by,adding various amounts of RNA isblgtéﬂ; |
from bone cells in 0.25 M sodium acetate buffer, PH 5.3 to 15hm1‘6£'
the toluene counting solution containing 0.1 uCi of 3H~uridiné;‘_fhéée
vsampiés were counted with the LS§-250 Liquid Scintillation Spéc;rometer .
(Beckman Instruments)-ﬁ;ing the automaﬁic quench correction,“The perlcedt '
efficiency was élottéd against the external étandard ratié (figure 2).

The sbecific aqtivitf of.the‘RNA'was expressed as disintegrations

';‘per_minute‘per.milliggam of RNA . (dpm/mg RMA).
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CHAPTER IIT

EXPERIMENTAL RESULTS

SERUM ALKALINE PHOSPHATASE ACTIVITY IN NORMAL AND RACHITIC §ATS

Serum alkaline phosphatasg measurements were made on two rats fed
a normal diet and two or three rats;fed a vitamin D deficient for 4 weeks
selected at randomvfrom'eachvgroup of animals to be used for a given
exﬁeriment. As shown in Table Ii, ﬁhe serum alkaliné‘phospﬁatqée levels
of the vitamin D dgficient rats were significantly higher than thoSe of
rats fed a normal diet. These results, in accord with the much_lbwer
body weight, show that the rats fed a vitamin D deficient dietléfe"
indeed‘rachitic. Additionaily, this conclusion wasbconfirmed by iﬁe

appearance of the bones when the rats were sacrificed.

BONE CELL PREPARATIONS

- Since the spaces in trabecular bone are'fille&‘wifﬁ bone méffbﬁf"i
cells, it was necessarj‘to‘determine that.tﬁé cells released by grihding' 
-trabgéular bbﬁe f:égments were bone cells and not bone marrow célls,

Eoﬁe cell pellets were é creamy white color. The abseﬁce of a éross1y

red color as one seés withlboné'mafrow;cells was one of the critefiélused
to-determiné ﬁhgt bone cells and not bohe,marrdw cells were beiﬁg.isolated.
Histological éxamination of bone cell and b§ne marrow cell preparations
shqwed‘that although the bone cell pelletsvcontaihed-a heteroggﬁous
mixture of cells (Figuré'3), thére-were verf few cells typiéal of bone

marrow such as red blood cells, megakaryocytes and myeloid cells (Figure 4). [
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TABLE II

SERUM ALKALINE PHOSPHATASE ACTIVITY OF NORMAL AND RACHITIC RATS

(units/ml sefum)
Normal

'3.09

2.49  jvﬂa‘ff“.  - ,,,‘.‘Z}' ',~,1;‘>,f 5.78

2.74 ',7‘ RS | - 5.83
2.65 B B . = o - ,;_ |  m<fL4-30 .
sus , '{;’f.- s :_:- | :7‘~f:4;16
2.73 e S : R   ‘5'.‘.19’ .

2.26 e T o s
2.48 | S s

2.83 ' ;. e ‘ 3.95

3.05 o e
| - 7.30

4.93

. : o * 5.20 + 0.84
* Mean + Standard Deviation. : :
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(x 600)

Isolated Bone Cells

FIGURE 3.
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FIGURE 4. Bone Marrow Cells (x 600). (a) megakaryocyte, (b) myeloid
cell, (c) red blood cell.
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It appears that this procedure results in the isolated of bone,cgils

relatively uncontaminated with bone marrow cells.

RNA FROM BONE CELLS _ .

¢

A typical separation of RNA ffom ﬁhenql on a Sephadex G-25 éélu@n
is Shown in Figure 5; To establish that.aﬁy DNA digested by‘DNase'
treatment would beyseﬁarated on this column; an excess of'DNA‘(?prthingﬁon.
Eiochemical.Corp.) was digested Qith DNase and passed through tﬁe4coluﬁn,
>(Figure é). No such peaks were observed between RNA and phenol in any
of the'experiments, indicating that little or no DNA was exttactéd;

The spectfum of gNA isolated from‘bone cells of‘eiéven.rééhitiél
rats is shown in Figure 7 and for comparison a spectru@ of pu:ifiéd 
yeast RNA (Sigma Chemical Company) is alsn shown. The amouﬁts'ofgﬁﬁﬁ1'
in each sampie in the various‘experimengs ranged from 5 to 25 ug.f{The 

optical denéity at 258 nm was used to calculate the amount of RNAfptesent.

EFFECT QE VITAMIN D QE THE INCORPORATION QE g-URIDINE INTO BONE CEEL

~ RMA IN VITRO

Two éXperimenté were carried out in order to determiné.the'efféct
of vifamin Ds §n the 1ncqrp0ration_of 3Hfugidine into bone cg%}}#ﬁ&f.
using an in vitro system. In eaph3eXPe:iﬁent-8 rachitic rétsié@re
1njected intraperitoneally with 5,000 I.U. of vitamin D3 and é'fachitic;
- rats wefe injected wifh the vehicle only. Rats were injected:at 20 minute
intervals so that each animal could be éacrificed»and the'tiﬁias; femurs

and humeri removed and cleaned exactly 5 hours after treatment. Bone
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3H-uridine and then washed .

fragments wefe incubated for 4 hours with
and chilled in an ice-bath to stop the incorporation of the isotope.

A total of 9 hours'from the tiﬁe of treatment with vitamio D or vehicle

to the end of the exposure to 3H-uridioe was chosen Eecause Izzo (1970)
found ohat 9 hours was.tho time of maximal incorporation of precursors

into RNA in bOne»osing an in 2122 system. -

The bone fragmeﬁts from the 8 réts in each experimental grouo"
were pooled and bone ceils isoiated. RNA was extracted and measured
as describe& in Chapter II. Aliquots were theo used for scintillation
counfing and the specific'octivity expressed ao disinteggations per
minute per milligram oquNA. |

TIn hoth evperimenfs, the specific activity of the RNA ftnmxthF
vitamin D treated animals_vas greaﬁér ;han that of thé conﬁrolsf(Table I1I).
‘The‘ratios of the specific activity of the RNA from vitamin D treated
rats‘and:the specific activity of the RNA ffom.rats treated with the
ngicle only (T/C fatio) wére-oomparable to the results reported by
Izzo'(1970) whioh werg'l.Sﬁ,biido;fi;48,:1154 and 1;42-giviog an average
of 1.4, The spécific octioity'of the kNA in these,experimenﬁs was. about
forty times higher’than those of the in zizgfexperiments.by Izzo (1970).

It can be concluded from these results that, iﬁ agreement with
the experiments of Izzo’(1970), Vitamin D does enhance ohe incorporation

of 3H-uridine into RNA into bone in this in vitro system.
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TABLE III

EFFECT OF VITAMIN D ON THE INCORPORATION OF H-URIDINE INTO EONE CELL

RMA IN VITRO®

Experiment . Specific Activity of RNA Treated?
o o ~ (dpm/mg RNA) - Control
1 ~ control : 71,708 + 1076 | .
o ' 1.86.
Vitamin D 133,248 # 1999 L
2 ' Control 88,507 + 1328 :
Vitamin D 117,962 + 1769 »

a ~ '

Rachitic rats were sacrificed 5 hours after injection with 5,000 I1.U. of
vitamin D3 or vehicle. Bone fragments were incubated for 4 houfs with
,3H-uridine. "RNA was extracted from bone cells isolated from these

bone fragments.

Ratio of the specific activity of RNA from vitamin D treated rats and . -

the specific activity of RNA from rats treated with the vehicle only.

7

Cgpecific activity + 1.5% counting error.
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EYFECT OF ACTINOMYCIN D ON THE VITAMIN D STIMULATED INCORPORATION OF

34-URIDINE INTQ BONE CELL RNA IN VITRO

The‘next experiment was designed to.detefmiﬁe the effect of
actinomycin D on the incféased incofporation of 3H»uridine into bone
cell RNA following vifamin D treatment in this in vitro system. The
procedure was the same as outlined in the pre&ious experiment. Each
rraﬁ receivéd two intraperitoneal injections of 50 ug each of a;tinomycin D,‘
one 6 hours before and one 2 hours before treatment with vitamin D or
vehicle., Each of the two experimental groups consisted of eight animals.
The results shown in Table IV indicate that actiﬁomycin D was
effective in decreasing thé incorporatiog of 3H~uridine‘int0'RNA in both
the vitaﬁin'n treated and control animals>as compared with those_animalé
not’tfeated with actinomycin Dv(TableFIII). However, fhe specific activity 1
of the bqné cell RNA from vitamin D treated animals was still greater |

than that of the controls.

EFFECT OF VITAMIN D ON THE INCORPORATION OF JH-URIDINE INTO BONE CELL

RNAS EXTRACTED AT 45°C AND 65°C

The synthesis of some nuclear RNAs, which are thoughtto be’precursors
to messenger RNA, have beénvsﬁown to:be unaffected by actinomycin'D
pretreatment. These RNAsvcan'be isolﬁﬁed by sequential fractionation

“with phenol-SDS. Treatﬁeﬁt at 45°C should yield cytoplasﬁic gnd nuéleolar
RNA. Following treatment at»45°C these nuclear RMNAs, insensitiﬁe éo.
actinomycin D, can be obtainéd by extraction at 65°C.

The next two experimenﬁé were designed to de#ermine the effect of

vitamin D on thé:iﬂcbpporation of 3H-uridine into these two fractions of .




. TABLE IV

EFFECT OF ACTINOMYCIN D ON THE VITAMIN D STIMULATED INCORPORATION OF

3H—URIDINE INTO BONE CELL RNA- IN VITRO

- 38

Sﬁecific Activity of RNA rreated”
(dpudmg RNA): . ~  Comtrol- -
Control | 13,557 + 407° ,.
Vitamin D 22,816 + 684

aR‘achiticirats wefe given two intraperitoneal ihjectionsbqf 50 ug of

actinomycin D 6 hours andi2 hours before an ihjection of 5,000 1.U.

of viﬁaﬁin D3 or vehicle. Bone fragments_weré 1ncu$ated for_4 hdﬁrs
- with 3H-‘uridiﬁe.“kNA whS’extraCte& ffom noﬁé éeils isolated from

these bone fragments.

. e e a e A PRSP

bRatio of the specific activity of RNA from vitamin D treated rats and

the specific activity of RNA from rats treated w1th the vehicle only. |

l

CSpecific activity * 3.0% counting error.
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RNA. Two experimental grodps, each consisting of eight animals, were
used. The experiments were carried out as previously described but
the RNA was separated into two fractions as described in the chapter on
’Materials and Methods. |

The results presented in Table V show that vitamin D stimulated
- -the incorporation of. 3H-urid1ne into both 45°C and 65°C RNA ln»both‘
Kexperiments,.thebtreated/control ratio of‘spec1f1c activities was-

greater for the 65°c than for the 45°C RMA.

EFFECT OF ACTINOMYCIN D ON THE VITAMIN D STIMULATED INCORPORATION OF
3

. Q .
H-URIDINE INTO BONE CELL RNAS EXTRACTED AT 45 C AND 65°C

The next experiment tested the‘effect of actinomycin D on the
vitamin D stimulated incorporation of 3ﬁ-uridine into the two RNA
fractions. The experiment was done as previOusly described except
that 12 rats were used in.each experimental groups:and-eachvrat received
en iptraperitoneal~injection of lOQ ug of.actinomycin;D two_hcurs'before
treatment with vitamin D orlvehiclet' o ’

V, ;The'results'given in Teble‘VI.show that actinomycippp did not

iphibitvthe vitamin D stimulated incorporetion of 3H-uridine into either
45°C‘or 65?C.RNA. In fact, the treated/control ratio of specific activities :
of the 45°C RMA eppears to be increased by actinomycin D pretreatment.

Vitamin D increased the incorporation of 3I-I_,-uridine iﬁto,Both :
_fracticns of bone cell%RNA and this response was nct inhibited by

actinomycin D.




TABLE V Y X

EFFECT OF VITAMIN D ON THE INCORPORATION OF >H-URIDINE INTO BONE CELL

RNAS EXTRACTED AT 45°C AND 65°C"

\\

Experiment Temperéture~of Specific Activity of RNA "Ttéatedb
' Extraction of RNA (dpm/mg RNA) : Control
) o : . N - - . c
-1 -~ &45°C. .- Control 24,078 + 482
Vitamin D 29,334 + 587  .
o '
65 C  Control 34,473 + 689
: ; , 1.45
Vitamin D 49,902 + 998 o
2 45°c  control 56,954 + 1139 - G
' : o - 1.35
Vitamin D 76,722 + 1534~ i e d
65°c  Control - 17,447 + 349

‘Vitamin D 128,276 + 566

aRachitic_ra;s were sacrificed 5 hours after‘injection with'S'?OQ-I:U@ of

ER e T PR S A

R U £ ok (A S

vitamin D3 or vehicle. Bone fragments vere incubated foxL&fypurs with
VBH-uridine. After isolation of bone cells, RNA was fractionated into

: S e
RNAs extractable at 45 C-and 65 C.

bRatio of the specific activity of RNA from vitamin D treacedﬂrats_and

the specific activity of RNA from rats treated with the vehiclé?only.
/ , S Sttt

e ' :
Specific activity + 2.0% counting error.
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TABLE VI

}
_ EFFECT OF ACTINOMYCIN D ON THE VITAMIN D STIMULATED INCORPORATION OF

3 ' ‘ o . a
H-URIDINE INTO BONE CELL RNAS EXTRACTED AT 45°C AND 65°C

Temperature of Specific Activity of RNA Treatedb’
"Extraction of RNA : ' (dpm/mg RNA) : Control
o : ‘ ¢
-~ 45°C Control 20,379 4+ 408 _
I : - 1.85
Vitamin D 37,663 + 753 '
65°C Control 33,333 + 667
‘ 1.49

Vitamin D 49,583 + 992

éRachitic rats were given 100 ug of actinomycin D intraperitoneally |
2 hours before 5,000 I.U. of vitamin'D3 or vehicle. . Bone ffégﬁents
were incubated for 4 hours with 3H-uridine. After iSolg;ion of bone

. .: o
cells, RNA was fractionated into RNAs extractable at 45?C‘and 65 C.

| :bRatib of the specific activity of RNA from vitamin D tredted rats
o band‘the specific activity of RNA from rats treated with the vehicle

only.

| CSpecific activity + 2.0 % counting error..
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CHAPTER v

DISCUSSION AND CONCLUSIONS

Vi;amin D has been reported to cause many metabolic changes
including alteratlons in bone citrate content (Carlsson and Hollunger,
1954) phosphollpld metabolism (Thompson and .DeLuca, 19643 Nevilla emd»'-

Holdsworth, 1968), ca’t

release by mitochondria (Engstrom and DeLuca,
1964):end-adenyl cjclase'activity (Neville and Holdsworth,'1969),;buc «
the relation of these changes to the physiologic actione.of‘viﬁamin;phexe;»
not.ko0wu. The question that arises here is whether the increased |
incoréonetionvof nucleic acid precursors into RNA observed in bone under
tﬁe stimulus of vitamin D is directly involved in the modewof‘action of
the vilawiu. |

The effect of vitamin D on RNA synthesis in other tissues is of .
particular interest in resﬁect to this work. In_the,intestioe, Stohs
et'al;, (1967), found that after ‘the adminietration to rats of a 2.000
I.U.. dose of v1tamin D3, maximal ineorporatlon of 3H-orotic acid into v
nuclear RNA occurred at 3 hours with a T/C ratlo of 2, 81 however, this -
increase could be completelyoblocked by actinomycin D given 2 hours
before treatment with vitamin D. LaWsoh et el., (1969a) founo in
chicks that 125 ug of vitamin D,y increased the incorporation of 3H-orot1c
acid into nuclear RNA; in three experlments they found T/C ratios of 1.83,
1.13:and 5.02, one hour after intracard1a1 injection,

Stohs et al., (1967) also studied the effect of vitamin.D on ‘

-3H-orot1c acid incorporatlon into. nuclear RNA of rat liver and kldney,
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tissues that are nst knowu so be affected by Vltamin D. They found

T/C ratios of 1.30 for liver and 1.53 for kldney. ‘These values are
in the same range ‘as those found for bone.

A possible explanatlon for the increased RNA synthesis in kidney

can be found on the basis of a recent. report by Tanaka and DeLuca (1971).

, They'foundwthat_actinomycin D administered'prior to radioactive ZSFHCC‘
blocksd the metabolism of 25-HCC to the polar metabolite(s) that accumulate
in the ihtestinal.tissue. vThé site of biosynthesis for at least one of
these metabolites is the kidney (Fraser and Kodicek, 1970). Actinoﬁycin D,v
however, did not prevent the 25-hydroxylation of vitamiﬁ D3 in the liver.

Tﬁéré is conSiderabie evidence that vitamin D of its metabolites
can interact with DNA to stimulate RNA syntﬁesis in the intestine, and
possibiy in'the‘kidney.' There is:dlso sqmé evidence frdm”srgéhvcultures~
tﬁat thisiinﬁeraction,precedes'bonefresorptioh. The reshigs’of our
experiments indicate that vitaminkb3’dsesrihsfsase'the“faséN;fAsyﬁsﬁesis

‘of both ribosomal éndxnucleoplssﬁic RNA in sone cells. The'increased
synthssis of RMA found is our'Systeﬁ may be related to resofpﬁion, but

 sincs VitamisvD is_neededvfor:normal'calcification in addition to the
resorption p;Océss even in fhe'présence of an adequatebdieféfy supply
Qf'calciumsand,phssphorus (DeLuca, 1967),‘the increase could be related
to the caIcificaﬁioh procéss. |

- The synthesis of the RNA extracted at 4°¢C in these‘eiéeriﬁehﬁs,
vhich is most likely cytopiasmic_RNA, was found to be largely inhibitéd

by actinomycin D; however, the specific activity of the RNA from vitamin D

'treatgd'8ni@alslwasfstill.Igrgef-;hén-that‘of‘the,contrqls. Ihe_twd fractibnﬂ




. inhibition of formation of calcium-bindlng protein was achleved when

A
of RNA (45°C and 6500) obtained'in these experiments shoWed increased
incorporation of 3H-uridine into RNA, and this increased incorporatlon
was nqt blocked‘by actlnqmycin D pretreatment. This indicates that
vitamin D stimu}eted the synthesis ef_all nuclear RNAs in bone cells
and not epetifically the DNA-like'nucleoplasmic RNA resistant to actino-

_mycin:D inhibition. In fact, the synthe51s of RNA whlch can be extracted
at 45°C, which others have found to be completely blocked by actinomycin D
(Georgiev, 1967), appears to be increased in animals treated with actino-
mycin. D and vitamin D (T/C ratio = 1, 85) over those animals not treated
vith actinomycin D (T/C ratio = 1.22 and 1.35). Whether these numbers
are significant is not known, butvit is of interest tp netevthat Izzo
(1970) found that in each of three:experiments where RNA was extracted
et 65°¢ only, the PAC :atio was-higher»in the animeis tfeaﬁea»with“
ectinomycin D than those treated with only the vitamin (T/C'ratio,1.53
as compared to 1.31; 1.54 to 140; and 1.49 to 1.14). S

Why_actinomycin D does not inhibit the‘vitemin D stimulated increase.
in 45° RNA-synthesis is puzzltng. One possibility is that the dose of
vitamin D3 of 5,000 I.U. whlch is 500 times that considered phy31olog1ca1
(10 1.U.) may be overcomlng the effect of actlnomycln D. Corradino and
WassZE@an (1968) reported that whlle actinomyc1n D inhibits the formatioﬁﬂﬂe

o ‘ : , ~
of vitamin D induced calcium-binding protein in the intestinal mucosa,

this inhibition can be _overcome by large doses of vitamin'D Complete - '~

the vitamin D3 dose was 100 I. U., but with 250 and 500 I.U. of v1tamin D3

rogre351ve1y less 1nh1bition was seen., Stohs et al., (1967), however, 74f

,{ﬁf
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- used doses of 2,000 I.U._of vitamin D3 and found that the increase in RNA
synthesis caused by'#itaﬁin Dg in the intestine could be COmpletély‘
inhibitedvby‘actinomycin‘D.

»In.Suﬁmary; it was found that vitamin D increased thé incorporation
of ?H-utidipg into all types of bone cell RNA.. The vifaﬂin D'stimulaﬁed
;_T'synﬁﬁgsi&QOf-cytaplasmiﬁQRNA-coﬁl& béwiarg§1y b1ocked;by?préhﬁéaféﬁﬁtﬂ'
with actinomycin D, but vitamin D stimulated synthesis of ngcleolar and
nuéleprQSmic RNA remained‘unaffected following actinomycin D treatment."v
It épﬁearsffrom these experiments that one effect of vitamin D is thé
.stimuiation of RNA synthesis in bone cells, but the imﬁoftance of this
increééed RNA synthesisbin the mode of action of the vitamin is not yet

clear.
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