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CHAPTPR X

A preparetion sgid to contaln dihydrotachysterol waes
introduced eormerelally in 19350 for the speclilic trestment of
tetany by the Jewmean flir: of I, ﬁerk; Termstadt, end eslled
tantitetenisches Yraperst ir, 10%, 2s AT«10 in Europe and
Hytakerol in tbis aﬂumﬁry; it attelmed wlde popularity (L,7).

Histar!eallyg the prepsretion was an outgrowth of the
observetlion by Heolts in 1930 (3l) thet, even after the ane
tirechitie propeprtlies of ocruds irradliated ergosiercl were
ellmineted by the destruction of the contained vitemin D, by
chemieal reduetion, heating or aging; hyperoaleemic activity
remained (61), Initially, it wes not known whether this
hypersaleomic activity should be attributed to an alteration
of the vitamin U 1tself or to another spescific ‘calcinofaktor!
oresent in the mixture, Alfter extensive chemicel separations
and purifications of beth crude and reduced irradiastion mixe
tures by Windaus ané his sssoclates, it was established that
hypercalecnic autlivity (as oprosed to significant antirschitie
activity) wes presect in o mmber of different irrediation
products and thelr derivatives (3l). Among these was tachyw
sterol, & ecompound normally produced during the lrradiation of
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ergostercol} but this compound wae relatively unetsble to air
oxléatlion, expscielly when separated snd purified, However,
1f a 'tachysteroleriqh’ irrediationmlixturc (ome in which
vitemin I hed been removed or destroyed) war reduced with
naseent hydrogen, a steble solution of ‘saleinofakbtor' was
produced (3%), Fresumably such a product wes the one firet
introduced commereially in 193L, slthough the exact method
of preparation wes never disclosed, The active prinecliple in
this rroduct has always been stated to be dinydrotachysterol,

It hos now been well established that dibydrotachysterol
(DHT) is effsotive in increasing the conceutration of caleium
in the blood and in rollsving the syoptoms of parsthyrold ine
sufficiency, But in spite of its widespread elinical use, fow
inveatigations concerning its blochemieal role have been underw
taken,

The most satisfactory method found thus far for the
preparation of dlhydrotachysterol involvas the reduection of
tachysterol with lithium and liguid amvonia (yleld L0i)$ 4n
this wethod, dihydrovitamin D,I 1s not formed (62, 6&L).
Varying ylelds may also be produced by reducing salcifercl or
even crude mixtures of ilrradleted ergosterol) (31, 32, 51).
The structurel formulas of dihydrotachysterol snd related
compounds arve glven In Flpure 1, Chemically, dihydrotechyse

terol is closely related to caleciferol (vitamin Dp) differing
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reduced to «Cliy with tte elimination of the double bonde The
configuretion of the $3~hyéroxgl group 13 bete in dihydroe
tochysterol and alphe in vitamin Dy (1i). The characteristie
relationshlip of ring A to the remainder of the rmolecule
determines vhether a dilhydro- derivative ls termed a dlhydroe
tachysterol or a dlhyéroevitenin Ty slnce bvoth compounds

are formed Juring the reduction of elther ealelilerol or tachye
sterol but to verylug degrees (22, U6, 42, 63).

Dihydrotaonysterol, when sdministered in speroprinte

doses, relised the level of total enlelum and conseauently, the
eoncentration of lonie calclum in the serum (1, 2, 11, 36, L3,
53y 58). Decause of this cslcemlc effect, it 1s of velue in
correcting the hypoecalcemia of hypoparathyroidism, (idlopathic
or postoperative) and pseudohypoparethyroidlsn, thereby
controlling tetany and preventing other manifestotions of
hypocelcemlias Another importent use of Uihydrotaehysterol,
also dependent upon its cslecenlc effect, iz 1s the Lrsstment
of vitamin U resistent rileckets {30), The welght of evidence
at the present time 1z that dlhyérotschysterol ms well as the
vitaning D end paratihyroid hormone all have & direct elfect
on mobilization of wineral from bone and that this effect

is partially responsible for the elevatlon of serum celelum,
Dihydrotachystercl also decresses the fecal excretion of

caletum, 1% ceuses a rise in serum phosphorus, decreases the
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fecal output and elther increases the urinary phospherus
sutrvut or maintsing 1t ot a eanstaéﬁ level in splte of decressed
intake.

Hytakerol was uscd by Albright snd coeworkers, who, in
1938 pﬁbligheﬁ clascle metobolie studles compsring the effooct
of AT«10 and of vitemin 52 on calcium and phosphorus balances
in human hypoparsthyroldism (1), They concluded that the
eetion of ATw1O maré clogsely resembled that of narathyroid
extract than di¢ thet of vitamin D, snd that "the fundemental
action of the perathyroid hormone on phoaphorus metabollism
is the ssme as thet of AT-10", the letter, enly, having an
additional actlon on calelium absorptlion which was not
possessed by parathyrold hormone,

Reeent vlochemiesl studics by Terepka ot al, (58) have
ahown that Hytakerol, the presently aveileble commercial |
preparetion of AT=10 ( and presumably simller, 1f not identicel)
with the preoparation previously svpplied), does not contain
dihydrotechysterol, The mejor ultraviolst ebsorbing meterdsl
in this preparation weg found to be an lgomer, provebly
dihydvovitemin Dpils Lxperdments In rats anc doge demonstrated
that thig sterol had effects whleh were similar to, bubt not
identicnl with thoge of crystelline dthvdrotachystercl (13).
Terepka and Chen (89) reeinvestipgeted the comparative effects
of dihydérobtechysterol and parathyroild extract on calcium snd

vhosphorus balenees, in man, using pure dihydrotachysterol,
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Also some obaervatlions were made on the effects of aeute
iﬁtravaaaua séminigtration of dihydrotechysterol, vitamin
ﬁg, and parathyrold extroet in 2 patleont with hypoparathy»
roidism, Thelr results show thet oral dlhydrotachyaterol,
like vitar~in I, incressed the intestinal absorption and
urinary exeretion of saleium ond rhosphorus. The phogw
phaturia induced by intravenous ﬁihyérmt&chy@tﬁrﬁl and
vitemin Dy, a3 contrasted with parathyrold extract, ape
poared more slowly, wes not charscteristically assoclated
with e fall in serwm phosphorus, and, ln balance studles,
prolonged oral administration of dihydrotachysterol was
not followed by post-trsutment phosphorus rvetention. They
soneluded that dihydrotachysterol had effects on caleium
and phosphorus motabollsm which are virﬁu&lly identiesl with
those iInduced by lerge dases of vitemin U and only superficie
ally recemble those of parathyroid extraety Both orelly
and Intravenously adminlatersad dilhydrotachysterol caused
a &aareasa in wrinsry phmagharus gxcerotion on the first
day of treatment, followed by s pronounced phosphaturia (59).

From recent work (L3, 53) 1t appears that dihydro=-
taahya%arala is the most potent hyporealeemic agens
followed in decressing order by éihyﬁrmﬁaeﬁyaharwla, vitemin
ns and #i&amin 93 whether given orally g?%afhﬁr adninistration
of one intravenocus injection, The maximum calcium levels
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“appesr to be obtained 2l days after the administratlon, This
author hes obtained simller resulte with dihydrot-echystercl
rersrding 1ts hypercaleemie effects {12), Iilowever, L hours after
the intraperitonesl administratlion of dihydrotachysterol, the
meon serun cslelum oonesnirstion »f treated rats wns 1.5 mg
above the control group. “icht hours sfter the injJection, the
serum calcium levels of the experimentel animels were essentislly
the ssme as those of the control grsuylf* 0.l mgi)e Tuslve
hours after the szdninlstration of dihydrotechysterol, the serum
caleium levels of the treated animals were about J.6 my’ below
those of the control animala, This resuli was unexpected, iHowe
ever, Carlsson (10) hae ooted & decresse in the serum celcium
levels of rachitic rats & hours after the administration of
vitemin D,

ol
5
b5 aeross

Dowdle (2)) has shown thst the transfer of (a
everted put sscs ls much zrester with those aninsls whioch had
beon treated uith either vitemin D or dihgydrotachysterol than
with the control animels, Dihydrotachysterol has an inhibltory
effect upon bone tlssue repalr in the rat humerus es derone
stranted by 35 uptalite technicrus {L0), Apperently, dihydro=
techysterol blocks the synthesis of mucopolysaccharides in the
newly formed collagen tissue,

This aulhor hase studied the Jdisirlbutlon of tritisted

dihyﬁrataahystaralg in various tissuwes, blood and excretas of
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rats at ¢iflerent time intervals 2ft-r intrsperitonesl ine
jectlon (l2). The duta obtained revealed thet the majority of
the doas was located in the liver and to s lescer degree in the
spleen and kidney 2L hours efter the adminlstrstion of the
lebeled sterole It was sleo shown thaet the msajor portlon of the
radioactivity of the redioseiivity recovered In the urine was
found to reside inm the soueous fraection, Thils may Indicate that
éihgérataahgﬁﬁarala and its breshdown products oceur In the
urine s waterwsoluble conjugates such as glucuronides andfor
sulfates,

Although many effects of the hypercaleemle ggenta dilhiydroe
tachyraterol, vitanmln U and perethyrold homone are well known,
the mechanism of getlon of esch 1o 8t11l a wmatter of conjecture.
In thie conneetlion, there haz Lesn noted Suring reacent years a
conslderable interest in the production, metabollsm and physloe
loglesl slgnificance of clirates Invesilisiors ngres thaet face
tors which influernes the calelum econuy of the body usually ine
fluence the levels of cltrete in the tlssues and body flulds
(29) .

Atwell (L, %) noted a relatlon Letween the caleclum and
citric seld levels in the serum, In dogs injected with parse
thyrold extract, the serum ecltrate concentratlion rose and it
followed closely the rise ipn serum celelum. In acluwals glven

ezletum srlte intrevenously, the serum oltrate concentration
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also rose and the suthor concluded that the chenres in the

sorum clirate level were secordary te chanpges in the calclium

15’3\?@1;
Farther evidence I1n surport ol this view was provided by
Milne, ag reporied by Vodghinson {(32); who found thet under

ordinery physlological condlitinng eny yprocezs which sltersd

the eslelum level, for examnle, the infectlon ol celelum plue
conasse, or parathyrold extrsct, slsc ceused @ parsllel change
in the urine cltrste lewvel, However, Tactors yrimerily ine
fluencing urinery cltrste, as the Intrevencus Infuslon of
eltrate, 4id not gresatly modlfy the uricsry excortion of cale
civm, He concluded from these end other observetions that the
ehanges in the serum and urive clitrete levels observed in parae
thyrold dlsesse sre sccondary to the veriaticone in concentrae
tion of caleium in blood and urine,

Later investigetlions have given different resulbs, Thua§
several suthors have observed s sirnlificect incresse in the
urinary exeretion of eslelum in men and dog following the ine
trevencus irnfusion of sodium citrete (11, 27, “l)s This hes
led to the supsestion that the small smount of calcium normslly
excrebed in the urine iz in the form ol & noneionized complex
with eltrete whieh Iz thoupht to be lsss resdily reabsorbed
then ionized celelum, by the rensl tubules (9, 12)., Further,

1t has been supsested thet the incressed excretion of calclum
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obeerved in ldlopathie hypercaleluria may be due in some csses,
to a disturbance of citrate metabolism with e presultant ineresse
in the quentity of ealelum complexed with eitrate (5l)e. In
contrast, Karsm, Harrison, Hartog end Preser (37), in abndyiﬂg
tha effects of growth hormone end sodium fluoroacstate on
urinary caisium excretion in the ret, econcluded that eltrate
may fecilitate the renal tubular resbsorption of ealeium,

A dlrect effect of parsthyrold hormone on citrate
metabolliesm was pocstulated by FPreemen and his eolleagues, who
observed, in seversl species of laboratory animesls, a transient
increase in the perum citrate level following nephrectomys
this effect was not scen in animals deprived of thelr parathyroid
glands (26}, The above hypotheeis was further elaborated by
liouman (L) who suggested that the effects of parethyroid hormone
on ealelum metabdolism are medlated through their effects on
eitrate metabollism, In studying the mode of setion of paraé
thyrold hormone on boune they suppested that the tranafeyr of
lablle caleium from bone to bleod 1= under parethyrold controlp
that & cellular mechanlism under the oontrol of the parathyrolids
regulates the trenafer of eslclum from bone to blood by the
formatlion of a csleiumecitrate complex, Although the oricinators
of this hypothesls have now changed thelr emphasis on the
sequenoce of events, the postulate 1o still sccepted that the
produstion of acld in bone, including production of eitrate
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1én, piays a role in the solubvilization of bone minsral,

Steanhoek and Bellin in 1953 (57) have shown thet the
cltrate content of blood, bone, Xidnsy snd the small intsstine
of rats on normal or low phosrhorus rachitic rations was ine
eressed by physiological doses of vitamin D,

De Lucs and cow-workers {(15) have shown thst the in vive
administration of vitzsmin D aignifiaantly reduced the oxidation
of citrate in kidney homogenates prepared from rets which were
kept on & nanraﬁhitcgmﬁic’die% ez well a3 on & racﬁiﬁcgania
diet, They reported that vitamin D, gliven in doses of 75I.Us
at three day intervals, slso redueed the oxidation of lsocitrate
and to a lesser axﬁenﬁ, pyruvate-oxalacetate, while it had no
spparent effect upon the oxidstion of a a-ketoglutarate,
succinate, fuﬁ&hts/&n& pyruvate,

Continuing along this line of research, the Wisconsin
group (16} reported that the in vivo sdministration of vitamin D
to rats decreesed the oxidstion of citrute by kidney mitoe
chondries They showed that an inhibition of only 157 was obwe
tained without a phosphate acceptor system uwhen the mource of
the kidney mitochondris was from rates kept on & nonerachito-
penic diet, However, the inhibition inecressed to 57% when the
hexokinsse-glueose trepping system wes added to the lncubstion

medium. When the source of the kldney mitcchondrie wes from

rats kept on a rechitogenic diet, the inhibition inereased to 29%1
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Their date elso showed that vitenin D hed e pronounced iluhible
tion on the oxidation of isoceitrete and lesser inhibitory elfects
on e~ketoglutarate, glutamate and suceclinstes o apﬁarent effect
of the vitamin was found oxidrtive phosphorylstion with any of
the intermedictes mentloned. In contrast to these results with
kidney mitochoniria, similar experirments with 1liver mltochondria
showed that additions of viteamin D to {he diet hed no eflect
on the oxidestion of eltrste and a-ketogluturste, 4Also, it hed
no effect on phosprhorylations coupled to these oxidsations, They
noted the rossibility that the resulting accumulstion of eltrate
in kldneys, snd possibly other tlssues, may be an importent
feotor in celcium transport end deposition (16),

| In 1957 (17), the same group of ilnvestigstors reported
that vitenmin D, and BB, when sdded in vitro reduced the oxle
dationof citrate end isccitrate to a consldevable degrea (637)
and to a limitod extent reduced glutamete oxidation {207) by rat
kidney mitochondrie. In vitro addlitlon of the vitamln reduced
citrate oxidation and alphasketoglutarate production while not
affecting coupled @hﬁagh&ryi&timm alficliency to any degree,
Egual qmantié@s of T=dehydrochnleszterol, ergoatarml,‘ﬁva
cholestencl, and choleaterol were inactive in reducing eitrate
oxidation., The suthors corelude with the note " , . o only the
triphesyh&ﬁ%&dino nusleotlide systems sre affected 1f one con=

siders glutamate oxidiszed by both trie and diphosphopyridine
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nucleotide pathways®,

Respussen and his coeworkers (52) have shown that the
gddttion of parsthyrold hormene (100 ug) to kidney and liver
mitochondrie incubsted with slutewmnts and exeess phosphate
seceptor induced s 208 loeresse in oxygen uptake, and a Tall in

phaayhorylatiaavﬁzth g sansecusnt changze in P/0 ratio from 3,0
to as low as 0,7,

The initial impetus for the work reported in this dlse
sertetion was & short puper published by Eruechmann (8) in which
the euthor showed that both dlhydrotachysterol and vitamin Dy
had 8 remarkebly inhibitory erfeet on the isolszted aconitase
engymo system frow plg heart, It wss shown that 12% ug of
dihydrotechysterol inhibited the conversion of cltrate to
Llsocitrete by h§§7wharmaa vitemin Dy, 8t the same concentration,
deoreased ﬁba‘égﬁvayaion of the substrate by less then 10%, At
a eoncentration of 2Y0 ugms,, dihydrotachysterol abolished the
eanversion of cltrate to isocitratz, PFlve hundred ugms, or
20,000 1,9, of vitamin Ea wos required to inhibit this asystem
937,

In view of these recent findlings, 1t was decided to invesw
tigeate the arfeéte of dihydrotachystersl on the oxidetion end
coupled phosphorylation of various intermedistes of the clirle
sold cyecle in ret kidney preperations and to attempt to correlate

these findings with the kpown blochemical effects of this sterol.
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CHAPTER IIX
MATERIALS ARD ¥ETHODS

For the measuremsnt of the citric acid cycle oxidatiouns,
the Werburg mnnomahrié technicue was used {55}, The vessels
were kept on 1ce during the addition of the "premix” and other
reactants and were then transferred to the manometers and
equilibrated for 10 minutes, The manometers were closed and
roadtugnywsru tak&n svery 10 minutes for one hour, The kidney
preparations were incubated for a pericd of one hour unless
otherwise specified, The incubstion temparﬁture was 37“3, in
the csse of homogenates and 30°C, when mitochondria or microe-
somes were used, Alr was the gaseous phase, When cmplayoé,
the hexcklinaseeglucoss trapring system was tripped in after
| the mancmeters were clossd,

The protein concentration was measured by the biuret
raan}ian and converted to mg. of nitrogen, Crystalline bovine
:nrﬁgﬁnlbumxn was used as the standards The results of the
oxidations are reported in terms of micrcatoms of oxygen
consumed per mg, of nitrogen, The flask contents prior to end
following inecubation were deproteinized with 10% perchloric acid.

The filtrates, for the salculation of P/0 ratios, were anslysed
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for inorgenic phosphate by the method of Flske and Subbarrvow (2L).

PREPARATION OF KIDNEY HOMOGENATES, MITOCECONDRIA ) %Iﬁﬁﬁﬁﬁﬂﬁﬁ

After the animels were saerltiaad. the kidneys were rapidly
exclsed and cogpled in ice~cold isotoniec sucrose, The fascla
and capsule were removed, with care taken to keep the tiasue
as cold as possible during this menipulstion, The kidneys were
then blotted, weighed, snd mineed. A 10% homogenate was prepared
in 0,25 M sucross by nmeans of a PottereElvehjem homogenizer fitted|
with a Teflon postle, When this type of preparstion was used,
the protein econcentration of the homogenate was adjusted with
isotonie sucroze such that approximetely 6 mg. of protein wes
dellivered into each flask,

For the praparntiun of mitochondria, the homogenate wes o
first centrifuged in the International Refrigerated Gantriruga,
Model PR-2, at 800 x g for 1% minutes, The resulting supsr=
natant was then subjected to centrifugation at 10,000 x g for
15 minutes, At the end of this operation, the supernatant was
discarded, or seved if the miecrosomal rxaation wag desired, The
| mitochondria=containing pellet was disrupted with a glass rod,
resuspended in istonic suerose solution snd again centrifuged
at 10,000 x g as before, The concentration of the washed
mitoebendria wes then adjusted so that the final concentration ;.

used in the incubations wes approximstely 1 mg. of mitochondrjial
nitrogen per flask,
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When the microsmal frection was needed, the mupernstant
obtained at the end of the 15 minutes centrifugation et 10,000
x g was subjected to further centrifugstion et 10,000 x g for
60 k;%utos in Spinco Hodel L FPrepsrative Ultracentyrifuge at
0°0, The microsomal fractlon obtained was then adjusted to the

desired protein nitrogen soneentration for the incubation,

PREPARATION OP PLASK REACTANTS

Each vessel contained in the main compartment, in a final

yuluna of 3,0 ml,, the taxioéing reactantst 3 mg. of bovine
;;rnu albumin, 6 umoles of disodium k??, 20 umoles of Kgﬁla,
350 umoles of sucrose, 0,08 umoles of cytochrome ¢, 50 umolss
of potassium phosphate buffer, pH 7,3, the substrate snd the
particuler tiagsue preparation., The concentration of the sube
stretes and the changes made in the flask resctants are noted
in ths text under the section entitled "Experimental Resultas®,
When added, fifty umoles of glucose and an excess of yeast
hexokinase were plecded in the cide am, The center-wsll cone
tained 0,20 ml, of 2 N FaOH sbsorbed on filter paper.

" It was found that the best method of adding these resctants
was to welgh thg\giren smount of each into a volumetric flask
and then to dilute to the proper volume with the buffer solue
tion, The pE of this solution was then messured end adjusted
to P 7,3 with a mixtare of 5 N KOH and 5 N NADH sush that the
ratio of potassium to sodium wes 3,5 to 1, Two ml, of this
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"premix® was sdded to each flask at the beginning of the experis
ment. Those experiments which involved the omission or the
sddition of verious cofdotors are noted in b&§ text,

Stock solutions of tlw various substrates were prepared
guch that 0,20 ml, of each solution contained the proper cone
centration to be used in the partiaular experiaent,' The given
smount of dry substrate ﬁax placed in a »olumatrié flask and
diluted elmost to the mark with glass-distilled wstsr, The pH
of the solution was meassured with a pH meter and adjunted to
pH 7.3 with the S N KOH/NaOH solution, These solutions were
kept {rogeu until the day of the experiment, The prcpar:ﬁiﬁn
of isocitric ucid from its lactone required additional treate
ment, A given amount of the pure laetone was dissolved in 0,1
B HeOH and hested for 10 minutes on & boiling water bath, After
¢ooling, the solution wae diluted with water and adjusted to
pH 7+3 with the mixed alkell solution,

The dihydrotachysterol which was employed throughout this
investigation was used ez recelved from the Mann Research Laborae
tories without any further purification, The purlty of the
sterol was assayed as 98,7% dihydrotachysterol,, However, as a
check on the stated purity, ultraviolet and infrared analyses
were done, The ultraviolet absorption spectrum of the dihydroe

tachysterol wes determined at room temperature with a Beckman

2
Model DU Speetrophotometer with 1,00 ocm, silica cells, The
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absorption coefflcients caleulated fron the date showed that
the steroid 1s at least 99% dihydrotachysterol,. Pigure 2
deplets the ultraviolet absorption spectrum obtalned,

| Infghrod spsctroscopy wsa employed as an additional erie
terion of purity, The instrument used to produce the spectrum
was & Perkin-Elmer Model 21 Infrared Spectrophotmeter. Approxie
mately 0.8 mg, of the stercid wes placed in a mull with a small
amount of finely ground, highly purified KBr and mixed mechanie
cally for 30 seconds, The sample was then pressed inte a pelws
let under high vacuum ané with 12 tons pressure. The spectrum
obtalned is shown in Pigure 3, This spectrum was shown to be
superimposable with the infrared spectrum the euthor obtalned
with twice reerystallized dihydrotachysteroly (L2) which was
shown to be of comparable purity by melting point, ultraviolet

absorption and chromatographic analyses,

Inorganic phosphate was detemmined by the method of Flske
and Subbarow (2L). The color reagent wes prepsared by mixing
40,0 ml, of 5.0 g’Easeh, 10.0 ml, of 2,5% (w/v) ammonium
molybdete and Lis0 ml., of the reducing resgent in an Erlynmeyer
flask. The reducing reagent wes a freshly prepered snlution
mede by aéding 10,0 mls, of water to a mixture containing 20
mgee Of & leamino=2ensphtholel~sulfonie acld, 120 mgs, of
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FIGURE 2
ULTRAVIOLET ABSORPTION SFECTRUM OF DIHYDROTACHYSTEROLp
Céncentration 6 x 10°3 mg/ml in 95¢ EtOH
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sodium bisulfite and 120 mgs, of sodlum sulfite, Varlous
aliquots of & sztandard phosphate solution, prepared with monoe
beaie potassium phosphate were placed 1n gradusted colorimster
tubes, Two ml, of the reducing mixture was pipetted into the
tubes and the mixture then dlluted to 10,0 ml, wlith dlstilled
water. The contents were then mixed by inversion and the ope
tiesl deusity read after 15 minutes in a Klett«Photoeleotrie
Colorimeter fitted with a KHo, 66’f11tet¢ To messure the color
development due to the reagent slons, water was ussd as the
blank in place of the phosphate solution, The data for thw
calibration curve are given in Table 1 and the stendard ourve
in represented in Plgure L.

The inorganie phosphaste content of the incubation mixture
wes dotermined, In triplicate, &s follows:t 2,0 ml, of the mitoe
chondrial mixture were pipetted into L,0 ml, of cold 10%,
perchlorie acld, The semple was then centrifuged for ten
minutes in the International Clinieal Centrifuge at the highest
speed, Two hundred ul, sllicouots of the supernatant were ple
petted into the colorimeter tubes which contsined § wl, of water,
Two ml, of the recduoing reegent were plpetted into ths tubes,
the mixtures wers dlluted to 10.0 ml, with water and mixed by
inversion, Aftar 20 minutes, the optical density readings were
made,

SERUM CALCIUM DETERMINATION
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The procedure described below 12 a rapid snd acourate
complaximetric titration aceording to the method outiined by
Ashley end Roberts (3), In this method an amount of the
disodiuwm dihydrogen selt of ethylenediamine tetraacetic @ciﬂ
in excess of that necessary to complex all of the avallable
calolum and magnesium iz sdded to the serum sawple in the
form of a 0,002 molar aqueous solution., Any potentisl intere
ference arising from the presence of iron or copper in the
serum 1s eliminsted by the use of sodium cyanide, The pH value
of the solution ocontaining the indicetor csleein is asdjusted
approximately to 12,0 before the titrant is added, Under these
conditions, 1.,6., pH 12 and in the presence ofan excess of
EDTA, the calcelin indicator is not bound by the calecium lons
and the resulting solution is duill%wﬁun in eclor, At pH values
‘less than 12, the indicator assumes a bright yellowsgreen
uppedranao which persists in the presence of excess calecium,

A back titration 1s then psrformed by titrating into the
caleeineEDTAwserum solution a standard calcium chloride titrant,
The astandard celecium titrant complexes with the excesa
EDTA and because ita affinity for EDTA exceeds that of magnesium,

diaplaaaa the magnesium from this reagent, When all of the
EDTA avallable has rescted with the celcium titrant, sdditional
calolum combines with the caleeln indlestor producing a

striking fluoresoence under ultraviolet illuminstion, thus
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TARLE I

STANDARD CURVE DATA FOR INORGAN

Humber of Inorganie Fhosphorus Optical
Determinations umoles Density
5 | 0420 ue d 2*

5 | 0,50 | 96 2 3

5 0460 W7 = Y

g 0,80 1932 4

5 1,00 215 = 6

5 1.20 275 = 6

a ?gc 1ast column of figures represents the standard deviae
tion.
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FIGURE L
STANDARD CURVE FOR INORGANIC PEOSPHORUS ANALYSIS
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signalling the endepolint of the back titrstion,

The only speclsl equipment needed in this method was e
5 ml, mlorcburette graduated in C.01 ml, with a ground gless
tip vhieh would acecommodate a hypodermic nesdle, With 2 28
gauge needle affixed to the buretts tip, volumes of less than
0,01 ml. were delivered, BSmsll megnetic stirrers wers easily
made by nealing ordinary iron wive of about 1.2 em, in lergth
inside glass capillary tubes, |

The determination of seyum celoiwns was performed as fole
lowsr After the blood sample had Yeen withdrawn by cardise
puncture, 1t wes carefully deliversd into the bottom of &
contrifuge tube, Care was taken during this manipuletion to
provent hemolysis, The smmple wes then centrifuged in the
International Clinleal Centrifuge for 10 minutes at highest
speed, The serum sample @hkalﬂtﬂ‘ﬂﬁa kept ecld untll analysmed,
One of the small magnetic stirring rods was placed in & clean,
dry 10 ml, beaker into whioh was accurately pipetted 0,20 ml,
of the serum sample snd 1,00 ml, of the 0,002 X EDTA solution,
1,0 ml, of the calcein indicstor solution wes added, followed
by the addition of thres drope esch of a 1¥ solution of NaCH
end & 1K solution of NaOH, The besker and its contents was
placed on a magnetie stirver and under the tip of the mioroe
burstte. The solution was then illuminated with a longewave
ultraviolstlight (Minerslight, %@{gu SL 3660) which was placed
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about 10 cm. ebove the solution, The excess LEDTA waas back
titrated while the sclution was vigorously stirred, The solue
tion, which orignally is a dullebrown in color, develope a
pright green fluorescence at the end point,
The equivalence of the stnndar& caleium solution and the

0.002 M EDTA aulutiantwak measured by titrating 1400 ml, of
the EDTA solution with the stendard calclum solution., The
technique snd all the reasgents employed in this standardlization
were the same as for the actusl serum samples with the excepe
tion that 0,02 ml, of double distilled water was used in place
of the serum, The concentration of the calcium was then calcue
lated sccording to the followlng relationships

Net ml., of atandard

ealeium solution reguired

Caleium (mgf) = to titrate 1,00 ml. of 0,002
M EDTA,

-

L

Het ml, of standard
saleivm solution
required to titrate
serum sample

x 50

Figure 5 indicates the linear releationship between the ml,
of titrant and the concentration of serum calclum, In Table Il

appear the data used to plot this standerd curve,
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TABLE IIX

STANDARD CURVE DATA FPOR CALCIUM DETERMINATION
Caloium : Ml. of Titrant
- mpk

0,123 + o0,00L%
;
Q{nl&@ - QQQQS

10 0,202 « 0,003
12 0.2L2 = 0,00
14 0.286 + 0,003
16 0,32l = 0,005

a e Tast column of Flgures represents the standard dov1ations
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STANDARD CURVE FOR SERUM CALCIUM ANALYSIS
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Proteln was determined by the bluret resction, The rea~
gents md conditions deseribed below are those of Garnall at al
(28)s The procedure for the determinstion of the standard curve
was as followst L,0 ml, of biuret reagent was added to 1,0 ml,
of a solution containing 1 to 10 mg, of erystalline bovine
serum albumin, The solution was mixed by inversion snd allowed
to stand for 10 minutes et room temperature., The optical
density was measured with a Klatt Photoelectric Colorimeter
fitted with a No, Sl filter, The smount of ¢olor development
produced by the reagents alons was determined by using 1,0 ml.
of water in place of the albumin solution, The data for the
celibrat ion curve are given in Table IIl and the atanderd euria
is reprecented in Pigure 6,

To determine the amount of yrotain in a particuler tissue
preparation, L.0 ml, of the bluret reagent was added to 0,20
ml, of the preparatlion snd 0,8 ml, of dlstilled water, The
econtents in the tubes were then mixed by inversion, allowed
to stanl for 10 minutes st room temperature, and read as dese

eribed. above,

— |
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TABLE III
STANDARD CURVE DATA FOR PROTEIN DETERMINATION

Detﬁ::?g:tggnﬁ Pr:tein Opticsal Dénsity
5 0.50 11 %28
5 1.0 2 T2
5 1.5 3% = 3
5 2,0 512 3
5 2.5 67 =
5 3,0 g1 iy
5 0 107 = 6
5 5.0 130 = 6

a The last column of figures represents the standard deviaw
tion, .
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CHAPTER IIIX
BAPERIMERTAL RESUL

When undertaking experimentation with any ip vitro system,
the problem of prepering & viable tissue preparstion whiech will
give satisfectory oxidetion rstes and which can be prepared
without too many maﬂlpulattana so that the preparations will
be relatively constant on a day to day basis ls of prime cone
sideration, The problem of meintaining as many variadbles as
possible relatively constant warrante serious eonsideration
also, Every attempt should be made in order that the prepara-
tion 1s as neerly close to physicloglical conditions as the
experimental desipgn permits,

With regsrd to the first mentioned consideration, various
| concentrations of kidney homogenstes were prepared as deseribed
in the section entitled "Materials and Methods", whieh ranged
from 10% to 30% in isotonic sucrose, It was found that a cone
centration of 104 was quite satiasfactory for our purposes,
f1.0,, the rate of oxidation was not too slugglsh without the
addition of exogenous subatrate or too rapid wvhen oxidigable

intermedistes were added to the reaction medium,
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Various manipulstions were employed in order to rid the
kidney homogenate of cell debris, The homogenate preparation
waes elther filltered through several layers of cheesecloth or
centrifuged in a Clinical Centrifuge for S minutes at top speed,
It was found that filtration of the homogenate through cheesew
cloth ylelded satisfaetory preparations, |

A major problem which has confronted investigators who
have undertaken similar experimentations wss the insolubility
of the sterold in the aqueous reaction medium, The carrier
systems employed to date are ususlly emulsions or suspensions,
with the result thet the amount of stercld which actually 1s
involved in bringing about the effest 1is not known, Various
kmulsitying apents and thatr‘ﬁlxturaa were investigeted but

et with limited sucecess, A few of tﬁasa which were attempted

ere may bs mentioned: propylene glyeol in 104 ethyl alcohol,

%4 sodium cholete in 104 propylene glycol, 10% ethyl alcchols
erum albuminephosphate buffer suspension, % and 10% bovine

erum and also bovine serum albumin in phosphate bufler solus
ion, ©None of these carriers proved to be entirely sstisfactory.
‘hose agents which formed unifomm aucpanaieﬁs, ®.2¢p Dropylens
Lyeol, reduced the oxidation of the tissue praparatien markedly,
gents such as albumin, bovine serum and thoir'mixturus with

odium cholate formed heterogeneous suspensions, However, one
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emulsifying agent, Tween 20 wae found to be satisfectory as =
esrrier, Tween 20, which is made up of & variety of long chain
fatty acids, had the property of solublliszing as much as 8
umoles of the sterold in 0,20 wl, carrler solutlon, and when
added in a small enough quantity, d4id not affect the respiration
of the tissuwe preperation, After seversl trial and error ex-
perinentations, a successful method of adding the sterold to
the aqueous reaotlon mixture was developed, A given amount of
the steroid, the maxium smount whieh could be suspendsd unie
formly being approximately 38mg,, was made into s paste by
adding 100 ul, of Tween 20 and grinding with a glass stirring
rods To the paste was then added potessium phosphate buffer
golution, at pH 7,3, until 2,0 ml, of solution wee sattained,
This resulting suspensidn was qulte homogeneous and when 0,2
mle (10 ul. of Tweem 20) of it was added to the ineubation
flask, no measurable effect on the oxygen consumption of the
kidney prnparht&un was observed, 50 ul, of the emulsifler in
the buffered solution inhibited the respiration about LS per
cent, 200 ul, of Tween 20 alone completely abolished the oxye
gen consumpiion of the kldney homogenate, Accordingly, in the
experiments 0,2 ml, of the Tween 20/phosphats buffer solution

sontaining the desired amount of dihydrotachysterol was added
to the contents of the flask, Centrol flasks contained an




- 35 -
squivalent amount of csrrler slone,

Kidnay homogenates were prepared, as previously deseribed
under 'Materisls end Methoda', fyrom rats welghing betwesen 150w
200 gme 0.5 ml, of this preparation was plpettsd intothe
previously prepared vesazels which were kept on lce, Each flask
contained, in a final volume of 3,0 ml,, the following resctantst
50 umoles of potessium phosphate buffer at pH 7.3, 300 umoles
of sucrose, 20 wmoles of Kgﬁlz, 6 umoles of disodium ATP,
approximately 6 mg, of protein, and 25 umoles of eitrate or

15 umoles of succinate in tle main compartment, The centerw
well conteined 0,20 ml, of 2 H NAOH sdsorbed on filter paper,
Between 1 and 8 umoles of dmyﬂwé“ﬁ%hmtawl was placed Int he
side arm in solution with Tween 20/phosphate buffer solue

tion, Flasks whielh served as eontrols contained 0,20 ml, of
the carrier solution only in the side arm, Immedliately after
the homogenate was pipetted inte the iseenold flasks, the vess
sels and their contents were trensferred to the manometer and
equilibrated at 3?%‘ for 15 minutes in the Warburg apparatus,
After that time, the manometers were slosed and the contents

of the slde arm tipped in, The results of thess experiments
are shown in Table IV. These data show thmt dihydrotachysterol
did not affect the oxidation of the flasks which contalined
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citrates In a few instances the oxldation was decressed slightly
while in other experiments the respiration was either increased
by & emell amount o not ad all, However, in those flasks which
contained just the endogsonous preperation and the sterold, it
was found that the &lhydrotashysterol decressed the respiratien
about LO% on the average.

OF GITRATE BY RAT KIDNEY ROMOGINA

Experimontsl 0, Conswmption
_Sondition foms/mze pre
Homogeunte {lﬁ}‘ 10,8 & 1,80

Homogenate +

Carrier {16) 10,2 & 1,5
Homogenate + ‘

DHT (16) | 6.42 2 0,93
Homogennte + '

Citrate (16) 17.3 % 1,6
Homogenate +

Carpier + _

Citrate (16) 18,8 3 2,3

Homogenate +

Citrate + DIT (16) 15.8 4 2e2

8 The figures in the parentheses repro-
gont the number of flasks used,

b The values in the last column r@yram
sent the standard deviation,

g_____—_JJ
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The date recorded 1u this table sre the saverages taken from
four individual sxperimonts,

Experiments whieh were carrieé out intle seme manner with
guccinste {15 umoles} um the oxidigable substrnte ylelded re-
eults &lmost identlioal with those just presented, In aubsequent
experinents, varying the concstitrations of the substrates and
dihydrotachyaterol ss well es the protein content did not bring
sbout any measurable differences from the results just presented.
It was nleo shoun that the iohibition of oxidatlion 414 not vary
proportionately to the smount of steroid present, This no doubt
is due to the fact thet not eall of the sierold & bLelng uned
to elleit tiweffects reccrded,s Yost likely, less than 1 umole
of thw dihydrotachysterol s eetually being utiliszed by the
prepsration, It was declded to isolate the kidney mltochondria
and iovestigete the effect of dihydrotzchystersl on thie oell
fraction emplorving the same type of experimsntal approsch as
with the homogenstes,

It could be possible that the inhidbition of esndogencus
reospiration by dihydrotachysterol teakes plase in the mitochone
dria which is the site of the oltric acld c¢yole oxldetions or,
then sgein, 1t might have its effeot on some other cell conatite
uent such as the nmigrosomes or even on s mizxed preperstion of
these two I'mactions, In these {ollowing experiments, the ose
molarity wes kept as ¢lose to 0,31 ss posaible dy the use of
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sucrose or neutral selts., Another parameter which had to be
considered was thet of the monovalent fons, k* end Ne*. Although
measurenents of ehasé conatlituents are very difficult and sube
Juet to grest veriations and must be interpreted with grest
care, investigators egree that this ratio renges from 3 to 7
to 1 (R1Na), In order to meintain the ratio of these lons close
to 3tl, all the substrates were neutraliged with the 5 N NaOHe
ROH mixture, In sddition to this, the premix solution was
neutralized with thie mixture of beses, Experiments with mitos

chondria wore done with these ahangon in the procedurs,

Hale Sprague-~Dawley rats ranging in weight from 170.200
gn. were used in theae experiments., The animals were offered
Purina rat food and water gd libitum until 24 hours prior to
the day of the experiment, During this period, they were glven
sbout 5 gm, of food and water gad libltum and placed in individe
uel metabolism cages, The animals were then killed by decapita-
tion and the kidney mitochondria prepared es desoribed in the
ssction sntitled "Matorisls snd Methods", The mitochondriasl
suspension wes adjusted so thet 1 ng., of protsin nitrogen was
added to esch flask, This suspension wes pipetted into ehilled
vessels which contained, in & fingl volume of 3,0 ml., the
following aeaatitugntaz potasssium phosphate buffer, pHK 7.3, 50

umoles, slbumin, 3 mg., MgCly, 20 umoles, suervse, 350 umoles,
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eytochrome o, 0,98 umoles, citrate, 25 umcles or succinate, 15
umoles and the mitochondria in the msin compartment., The center
well contalined 0,20 wl, of 20 K NKaOH adsorbed on filter paper,
L umoles of the sterold wee added in a volume of 0,20 ml, of

Tween 20/buffer molution to the side arm, The results of these

experiments are presented in Table V,
TABLE V

Cons tion

Experiment Number Conditions auatan « N
1 (a,b,e) Mitochondria +%* b
Citrate (9) 18,4 2 1.7°
2 {a,b,e) Mitochondria +
Citrate + .
Carpier (9) 19,2 = 108
3 (8,b,6) ¥Mitochondria +
Citrate + DHT (9) 18,1 & 1.4
L (a,b,0) Kitochondria + .
Succinate (9) 19.9 = 2.5
5 (a,b,¢) Mitoechondria +
Suceinate 4+ Carrier
(9) 18 .9 % 241
6 (e,b,e) Mitochondria + +
Succinste + DHT (9) 19,9 = 2,0
§"§£adnumbar In perentheses indloates the number of flaske
Used,

b The values in the 1sst column represent the standard
deviation,
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The data recorded here ere the averages of three individe
usl experiments, The data from these experiments show that
the steroid had no significent affect on the oxidstion of
either succinate or sitrate, In some experiments the steroid
decreased the oxidation of ocltrate to a slight degree whereas
in other instances the reverse was true. In subsequent experi-
ments, 50 umoles of glucose and an exsess amount of yeast
héxokinuao weres added to the reaction medium to prevent limitaw
tion of oxidetion due to lack of phosphate aceeptor, However,
no dlrrarwnea'amnld be deteoted between elther of the two exe
perimental resction mixtures with regard to tis rate or amount
of oxidation,

Lardy (L1) 4in & classical paper showed that the uncoupling
of oxidative phosphorylation by thyroxine was masked only until
malonate was added to the resction medium, Hslonste has the
abllity to speeifically inhibit the sonverszion of succinate to
fumarste {( 21}, Therefors, if cltrate were added as the sube
strate, the cycls would stert et this intermediate and halt
at suoccinate, From the experimental data presented in the
literature, it ﬁaa further reasoned that 1f the sterold did
indeed inhibit the eitriec seld eycle, the effact would probably
take place between citrate and sueccipate, In the following
experiments eash flask contained 50 umoles of the phoaphsate
buffer solution at pH 7,3, 20 umoles of MgOl,, 6 umoles ATP,
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0,08 umocles cytochrome ¢, 300 umoles suerose, 10 umoles malonate,
3 mge albumin and mitochondria in the msin compartment., The
center well contained 2,0 N NaOH sdsorbed on filter paper, Four
umoles of the sterold was added in a volume of 020 ml, of Tween
20/vuffer solution %o the side arm. The hexokinasewglucose
trepping system was employsd as before. Two substrates were
used, One was eltrate (25 uﬁ@l&a) and ths second a mixture
of pyruvate (20 umoles) snd fumarate (5 umoles), The pyruvate-
fumarate mixture was omplaytd’ao that the cyocle would be proe
ceeding from a point immediately ufter sucoinate and therefore -
would present a complete pleoture of the events taklng plses in
the cyele, The date obtained from these experiments are given in
Table VI, |

The data recorded in thls table 1s the average of two
individual experiments. These data show that dihydrotashysterol
did not affect the oxidation of sithey ocitreste or the pyﬁuvaha*
fumarate nixture to any degree. The amall emount of oxygen
ubiligation, as scompared with the data given in the previous
tables 1s due to the inhibitory metion of the added malonate,

Experiments on the in yitro effeet of the sterold ou the
oxldation of verious intermedistes of the sitrie scld cyels
were not pursusd further at this time, Attention was turmed
to the possibllity of investicating the effect of the sterold

on oxldative phosphorylation, Although DelLuea and his oo~




THE IN VITRO EFFEQ)

1 (& apd b)

2 (a and b)
3 (a and b)

i {a md b)

Mitoochondris +8

Cltrate (B) 104k & 1.0
Mitochondria + Citrate + o k
DE? (8) 94152 1,2
Mitochondria + Pyruvate - ;
Fumarate (8) 8,272 1.0
Mitochondria + Pyruvate - W
Pamerate + DHT (8) 919 1,43

& The rmumbers in the parentheses indicate the number of flasks

used,

b The last ocolumn of figures represents the standayrd deviation,
wrkers {17) have repcovrted that vitamin D is without effect on
the uncoupling of oxidative pﬁaﬁpharylatinn, Rasmussen et al,
{52) have been able to demonstrate that parathyroid hormone, as
prepaved by the method of gel filtretion, does affeet oxidative

phosrhorylation when glutemaste wes employed as ths exogenous

source of oxidizable substrate.
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Por the measuresent of oxidetive phosphorylation, the oOxye
gen uptake was determined manometrleally and the inorgesnie phose
phate eolorimetrically by the mothod of Fiskew-Subbarow {(2l).
The flask ocontents, prior to and following incubation, were
deproteinized with cold 10% perchloric seid und snalysed for
inopganiec rhosphate,

In this series of experiments, each flask econtalned, in
g final volume of 3,0 ml.s the following m»esctantst 50 umoles
of the phosphate Muffer solution at pH 7.3 50 uwmoles of glucose
and excess hexokinase, 20 umoles MgCl,, 6 umoles of ATF, 0,08
umoles eytochrome o, 300 umoles of suerose, 3 mg. albumin,
substrate and 1 mg, of mitochondrial ¥ in the main compartment,
The centerewall contained 0.2 ml, of 2 E KaOH mdsorbed on filter
paper, I umolea of dihydrotaehysterol in 0,2 ml. of Tween 20/
phoaphate buffer solution wes placed in the slde~arm, The
substrates ommloyed in the study were sitrate, 29 umoles, slphae
ketogluterete, 20 umoles, suceinate, 3.5 wmoles and g:xmm ’
20 wmoles, The results of these experiments are presented in
Table VII,




Experimental

Condition

Citrate (};)8

Citrate + DHT (L)
sueeinate (L)

Succinate + DIT (L)
AlphaeKetoglutarate (l)

Alpha«Hatoglutarate +
DHT ()

Glutamete (L)
Glutemate + DHT (L)

0, Consumption

natoms/mge N

8.1
Tl
1046
11,7
1Y)

6.1

+ W » e

L

o
-

6e11 &
6,93 ¢

1.0
049
1.3
1.5
0.8

1.0

1.2
1.3

20,3 % 2,1P
19,4 3 1,6
19,1 2 2.0
19,7 % 1,8
17.7 ¥ 1,9

18,0 2 2.1

17.3 % 1,5
18,7 : 1,8

2.5
2.6
1.8
1.7
3.1

3.0
2.8
2.7

& The figures in the parentheses Indloate the number of flasks,

b The last column of [lgures represents the standsrd deviation.
The data show that the P/0 ratlos obtalned for the oxidizaw

ble subetrates only agr-e well with those values reported in

the literature, It can be szen that dilhydrotachysterol has
no effpet on the oxidative phosrhorylatlon.

Lven though these experiments presented demonstrate that

the sterold has no effsct upon elther oxidatlon of various sube

strates or on oxidstive phosphorylation, the fact remsined that
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dihydrotachystercl did inhiblt endogencus respiration of the
zidney homogenates repeatedly and tv & sl nificant amount,
Since this inhibition wes demonstrated with the whole cell
properation and not with mitochondria, it seemed worthwhile
to investigate the effect of the stercid on substrate oxidation
by kidney mitochondrie, togsther with the mierosame fraction,
The preperation of the microsomes 1s desoribed under the
section entitled 'Materials snd Methods', The kidneys were
removed from normal male Spregue«Dawley rats. Esoh flask
contained, in & final volume of 3.0 ml,, the following renctants:
£0 umoles of the phosphate buffer solution at pH 7.3, 20 umoles
of MgCly, 6 umoles of dlsodiuvm ATP, 0,08 umoles of eytochrome o,
300 vmoles of sucrose, 3 mg, of albumin, substrate and 1 npg.
each of mitochondriel ritrogen and mierosomal nitrogen in the
nain compartment] 0.2 ml, of 2 N NaOH adsorbed on filter paper
in the center-well snd L umoles of dlhydrotachysterol in 0.2 ml,
of the Tween 20/phosphate buffer solution in the side arms The
substrates used in the series of experiments were the pree
neutralized citrate, 25 umoles, and succinate, 15 umoles, The
date obtained is the averspge of two experiments and are given In
Table VIII,
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IABLE VIT

O THE OXIDATION OF CITHATE
BY MIXED MITOCHO arz‘mmymmm@ FRACTIONS

Experimental 6 Gunﬁwn@tion
Mixed preparation #& 1 20,3 % 2,3b
Citrate (5) )
Mized preparntion + 18,1 2 1,9
Citrate + DHT (&) ~ o ,
Mixed preparstion + 83¢7'$»2;£
Succinate {6)

¥ixed preparstion + 22,5 ¢ 2.8
Suecinate + DHT (&) P

& The figures in parentheses indicate the rumber of t&agka;
b The last colurm of figures represents the standard éiviaﬁzong
The data show that no effest of ¢ithydrotachysterol on the
oxldation of these intermedistes war obtained. It ean be séen
thet the emount of oxidetion of the subdbstrotes is greater than
these obtained with the mitochondris only, The deta shiow that
suceinate 1s metabolized to a aliphtly greater extent than is
citrate, This hee been reported in the 1ltereature also,
Since the in vitre svproach of experimentation failed to
¥icld any siznificant sffects of dihydrotachysterol on the

oxldetion of various metabolites of the eitrie scid eycle and ‘

O
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on oxidative phosphorylation, with mitochondria and mixed cell

fractions, sittention was directed to an in vivo apprroach.

IH _VIVO DXPRRINENTS WITH RAT KIRNEY MITOCHOHDRIA

“Although significant effects were obtained by employing
an in vivo aystem, it seems worthwhile to dlscuss the procedures
uged and the data obtained from them whieh led te the finsl
experimental deelgn adopted and the rationsle behind them,

In the Initiasl experiments, male Oprague-lawley rats
renging in welght from 175200 pm, were used exclusively, In
the first of these experiments six rats were glven an lntras -
peritoneal injlsetlion of 1 mp. of dihydrotachysterol dissolved
in corm o1l, The animals were ther placed in metabolism cages
and glven Puriva rat food snd water gd libitum, The contrel |
anirals were troated in the save manner with the exception that
they received corn oil only, Twentyenine hours after the ine
Jeetion, the snimels wers killed by descapltation, The kidneys
were exelsed and the mitochondria prepared as described pree
visuslys Teach ineubstion flask contalned, in a final volume
of 3.0 ml., the following recctantst 50 umoles potassium phose
vhate buffer, pH T.3, 1350 umoleg sucrose, 6 umoles disodium

ATP, 20 umoles Mgl 0,08 wmoles cytochrome ¢, 3 mg. albumin,

2
25 umoles clitrate and 0.0 mle of the mitochondrial suspersion

in the maln compartment, The center well contalned 0,20 ml,
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of 2 B ¥aOH adsorbed on rilter paper, The mitochondria
preparation was adjusted with isotonie sucrose solution such
that 1 mge. of mitochondrisl nitrogen was pilpetted into each
vessel,

Table IX presents the dsta obtelned for the eontrol and
experimental animels,.

TABLE IX
CITRATE OXIDATION WY RIDHEY

MITOGHONDRY
FROM RATS TREATED WITY DIHYDROTACEYSTEROL

0, Consumpition

Treatwent 2 _ Tecronse
~uatoms/mge N
Control (8)% | 20,3 % 1P
Experimental (8) 16,33 1,6 20

e The figursz in the parentheses indicete the number of flasks,
b The last column of figures reprosents the standerd deviatlon,
The data show that there 1s a siznificant effsct of the
sterold upon the oxidatlicn of ecltrate, It wes of interest to
study the effect of the stercid on the oxidation of citrate by
inereasing the dosc of sdministered dihydrotachysterol and by
inereasing the length of time before sserifloing the animals,
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The experiments weres carried out ns Pfollowss

in welght from 175-200 gm, were used.

glx rats renging

Thr:e were glven an intrae

peritoneal injection of 1 mg, of dihydrotachysterol in corn oil
at 7i hour Intervals for three consecutive days, Ths animals

werc then plsced in individual metabollsm cages snd were olfered
about & gm, of Furina rat food with water gd 1ibitum,

after the initiel Injectlion of the steroid, the groupr of animals

Pour days

The kldnuys were quickly removed,
Three gontrol

was killed by decaplitation,
pooled and the mitochondria prepared as befove,
anlimels were trested ica the sams manner with the exception that
they reoceived lnjections of corn oll only. The contenits of the
flasks and thelr preperatlion were ldentlieal with those of the

previous experiment, Clirete, 2%t s level of 25 umoles, was the
oxidigable substrate., The results of this experlment are

pregsented in Table X.

TARLE X

CITRATE OXIDATION BY KIDRE
PROM_BATS TREATED WITH DIHYDROTACH:

¢, Consumption
Treatnsnt 2 Pearease
~uatoms/mge N &
Control (10)% 20,0 2 1,8%
Experimental (10) 16,2 £ 1.2 19




w 50 -

a The figures in the parentheses indlesnte the number of flasks,
b The last eolumn of {ipuves represents the standsrd deviation,
The results show that the in vivo sdministration of

dihydrotachysterol deereased the oxldation of elitrate, ¥odifying

the smount of steroid injected from 1 to 3 mg. end permitting it
to act for three daye, dld not inerease the effect of that
abtained in the precedling experiment,

In order to ascertain if this effect were & reflection of
the substrate employed, suscinate (15 umoles) wae used as the
oxidirable substrate. The sdministration of the stercid and the
preparation of the enimals were identlieal to those already
described, The results of this experiment ars recorded in
Teble XI,

Control {12)8 20,8
Experimental (12) 19,1
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a2 The figures in parentheses Indlcate the number of flasks,

b The last column of ‘i-upes reprcsents the standard deviation,
It ean be seen that the stercld in no us; affected the
metebollsm of sucelnates It wen then deolded to employ a combie

netion of in vitro and in vivo spproaches,

Accordingly, six SpragueeDawley male rats ranging in welght
from 175-20C gme were each injected intraperitoneally with 1 mg.
of dlhydrotachystercl in corn oil daily for three deys. The
animals were placed in metaboslisnm ocages and offered Purina rat
food end water gd 1ibitum, Twentyefour hours after the last
injection, the animals were killed and the kidney mitoechondrisa
prepared, Control animsls were treated in en identiesl manner
with the excertlon that they reccived corn oil only. The gotm
tonts of the vessels, in a flnal volume of 3.0 ml., were the
followingt potassium phoaphate buffer, pH 7.3, 50 umoles,
sucrose, 350 umoles, ﬁgﬁlg, 20 waoles, disodium ATF, 6 umoles,
cytoshrame ¢, 0,00 umoles, 3 mg. albumin, eitrate, 25 umoles,
or succinate, 15 umoles, and arproximstely 1 mg, mitochondrial
protein nitrogen in the main compertrent, The center well
contained 0+20 ml, of 2 § HaOH adsorbed on fllter papers 0.2 ml,
solution of Tween 20/phosphate buffer which sontained | umoles of
dihydrotachysterol were placed in the side arm, In those flasks
which eontained no steroid, only 0,20 ml, of the carrier soluw

tion was added,

-
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The results of thesse experiments with oitrate as the oxldle
zable souyee are glven in Table XIX,

Flask
Ireatment Additions
Controls (1L)8 Carrier 18,3 2 2ab
Controls (1L) Carrier + DHT 194k & 243
Experimental (1)  Carrier 15.4 1.8 16
Experimental (1) Carrier + DHT 15,0 £ 1.6 18

& The Tigures in parentheses indicate the number of flasks used,
b The last column of Tigurez yepresents the standard deviation.
The data presented iz the average of three separate sxperie
mentss The results show that the oxidetion of citrate by kidney
mitochondrin prepeared from the treated animals is less than
that by mitochondrie from untreated animals, They elso show
thet the oxidation of citrete by the kidney mitochondris whiech
wers prepared from the treated snimals wos not affeoted by the
in vitro addition of dihydrotechystercl, GSimilar experiments

with mitochondria prepared from trested and untreated rats in

—————— |
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which 15 umolea of succinate was uged sz the exogenous source
of oxidation showed that neither the addition of the stercl
directly to the resction vessels nor the sdministration of the
stercl to the rats had any effeet on the oxygen conaumption,

It was clearly evident at this time that the ln yitre,
in yive and the mixed preparations dld not yleld oconclusive
eniouph evidence to support the preliminary thesis, The fact
that the inhibition of the aconitase engyme system by DHT
reported by Bruohmenn (8) and that witamin D inhihited various
subsatretes of the e¢ltric aold cyele both ip wvitro and in vivo
{15, 16, 17) were faots that had to be teken into seccount,
Two very imvortant lonovations were introdused into the experie
mental desipgn at this times 1) a phosphate scceptor systenm
was placed into the flasks so as not o limit oxidation by lack
of phosphate sceeptor smd 2) the animals were sscrificed ten
days after the initisl Injection of the stercid, MHore spscif-
ically, 50 uwnoles of glueose snd an axcess amount of vesst hoxoe
kinase were added to the resction medium in the side aa,
Seeond, the sanimals were given intraperitoneal injcetions of
the sterold at five day intervalas, At the end of ten days,
184y after two injoctions of 1 mg, esehy the enlmals were
saerificed and the kidney mitochondris prepared &z before.

Spregue~Dawley male rats ranging in weight from 175200

im. were used Iin the series of experiments, They were offered
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regular diet food and water gd l1libitum. The animals were plaoced
under 8light anesthesie with ether, ap- roximately 2 ml, of blood
were removed by cardiae puncture and the serum was set aslide
for caleium anelysise, They then received en intwapsritoneal
infection of 1 mge. of dihydrotachysterol in 0,5 nml. of corn
0oil, Five days &rear this initiel injectlion, the rats were
given a seocund done of the sterold, Pive days after the seccond
injection, the animals were anesthetized and blood wuas withe
drewm as before, snd set sside for serum caloiuws analysis,

The control aninmele were treated in the same menner with the
exception that they recelved Injections of corn oil only.
Aperoximately three hours sfter the heart puncture, the animels
were killed by deecapltation and bled as completely as possible.
The kidneys were excised and the mitochondria prepared as dese
eribed previously. Each incubatlion flask contained, in a final
volume of 3.0 ml,, the following reactantst potasslum phose
phate MWuffer, pH 7.3, 50 umoles, sucrose, 300 umoles, MpgCl ,

20 umoles, disodium ATP, & umoles, eytochrome ¢, 0.08 unmoles,
albumin, 3 mp., 50 umoles of plucose and excess hexokinase,
oxidlizable subatrate and 1 mg. of mitochomdrial nitrogen in the
muin ecompartmert, The eenter well contalned 0.20 ml, of 2 } NHeOH
adsorbed on {1llter paper. The concentration of the particular
substrate used as the oxldizeble souree of metabolliom is noted
in the text,
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The hypercaleemic effect of dihydrotachysterol was Obe
served in cach of the injected rats, In all instences, the
increase in the serum ealelum velues of the trested animals

was at lesst 1,9 mg.® higher than those of control rats.

EFPECT OF DIEYDROTACHYSTERCL ON THE OXIDATION AND OXIDATIVE
PHOSTHOBYLATION OF CITRATE

The f'irst substrate to be lnvestlgeted using this system
was eitric seld. L5 umoles of the pree-neutraliszed eitrate was
uged per {lesk, The axiéatiéaa were allowed to continue for
either LO or 60 minutes, The resulits of these experiments are
glven in Table X1II,

I8 VIVO INHIBITIOR OF DIHYDROTACHYSTEROL
03 THE OXIDATION OF CITRATE
BY_RAT KIDNEY MITOGHONDRIA

0 Consunption
e s

Experiment® without DHT with DHT Deoresse
ustoms ﬁafmg, " uatoms égﬁmg, ¥ g

1 (2t 17.2 £ 1.37° 7.8 £ 0.8 s,
1T (8) 2hol: 2 1,73 10,8 % 0,8 55
11T (10) 2041 & 1,84 10,0 ¢ 0,5 50
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& The kidney preparations were incubated for a veriod of L0
minutes in Experiment I and for a period of 60 minutes in
Experiments IT and IXI,

b The Figures In the perentheses indleate the number of flesks
ugod,.

¢ The last column of fligures reprecents the standerd devieilon.

The data show that there is a mavked inhibition in the
oxldation of this intermmedinte by dihydrotachysterol amounting
to spproximetely £3 . Bruchmann (£), who investizated the
offect of dihydrotachyaterol on the lsolated sconitase enzyme
gystem, has shown that this sterol, when supplied et a level
of 125 ugm, or sbout 0, umoles, had a merked inhibitlon on
the oxidation of citrie acid. It is therefore interesting to
note that the sterol exhibits a similer erfeet in yivo.

The effect of dihydrotschysterol on coupled phosphoryles
tion using oltrate as the exogenous spource of oxidation is
given in Table XAV, The dats indleoate that the sterol haa
no sppearent effect on this metabolle process, The P/O ratios

recorded therein are well within the aoccepted ezperimental range.

CHYSTEROL OF THE OXIDATION AND OXIDATIVE
PHOSPHORYLATION OF ISOCITRATE

Inoceltrie acid, the lsomer of citrie gold, ie intimavely
conecernad with the fuprther metabolism of eitrio ncld, These

B ;_______J
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intermedlates, along with cls-aconitic soid, are in equilibrium
mediated by the aconitase engyme systems At equilibrium the
relatlve smounbs of these acids are 907, LY and 6% for eitrie,
els=aconitic and lsoeitric acid respectively. In one experiment
15 umoles of isoclirate was added to the ilnoubation flask and

in & second experiment, 20 umoles were added. The elfect of

the sterol on the oxidation of lsoclitrate is shown in Table XV

TABLE XIV

OF_OXIDATIVE PHOSPHORYLATION YITH GITRATE
3¥ FAT LIDNEY MITOCHONDE

Conditions 0, Utilized Py Uptake 2/0
ustong Smoles —
Complete System 6.9 % 0,68 16,6 % 0,98 2.k

Complete System +
DHT Tl * 0L 16,6 % 0,6 F I

a The laat column represents the standard deviation,
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TABLE

IN VIVO INBIBITION OF DINYDROTACHYSTEROL

Ol THr OXIDATION OF JISOCITRATE

BY RAT KIDNTY FITOCEONDRIA

E& memmt ion

‘Without DET With DET

nxreriment . mﬁm 92 ustons 02
1 (8)a BeS ¥ 0.40P 3.7 & 0,29
11 (10) 175 & 0.52 9.5 % 0,28

Zﬁ@mwgms
g

Ve

56
L6

a The flpures in the parentheses 1indicote ths numbsr of flasks

used,

b The figures in the lest column represents the standard devige

tion,

HOTEs Experiment I was sllowed to incubate for & period of L0
mlnutes, Ezxperiment IT wams allowed to incubate for a

poriod of 60 minutes,
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The inhibition which smounted to about 507 is epproximately
the same as found with elitrate as the oxidizable substrate.

The data representing the effeet of dihydrotachysterocl on
the effieiency of coupled phosphorylation is given in Table
XVI, The date show that the sterol hes no spparent effect in
this rﬁgara;

TAPLE

THE EFPECT OF DINYDROTACHYSTE
OF_OXIDAT

BY _BAT DIDNIZY MITOCHONDRIA

| Gg Utiliged Ei Uptake /O
Sonditions ~bgtons umoles —
Complete System 6403 & 0,28 14,3 % 1,18 340
Complete System + ‘ -
DET 6,3 ¥ 0,3 18,L £ 0.3 2.9

8 Ths last column of figures reprosents the standard deviation.

TION AND OXIDATIVE

Alphasketoglubarate wes the next intermediate to be investle
geteds Each vessel contalined 30 umoles of the pre-neutralized

substrates, The effect of dihydrotachystercl om the oxidatlion |
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of this aeld is given in Teble XVII, The inhibitlon obtained
with this substrate 1s not as great as those sncountered with
citrate and iszoceltrates De Luce snd Steenboek (16) have reported
thet vitemin U also caused an inhibition in the oxidation of

this substrate.  lowever, ths masnitude of this deeresse was

not as large, being in the order of 200

TABLE XVIX
IN VIVO INHIBITION OF DIYDROTACHYSTEROL
OH_THE OXIDATION OF eeXiTOGLUTARATE
BY Ra7 KIDNEY MITOCHONDRIA

0,, Copsumption

-2
Wwithout DHT With DT
Exporiment vatoms Gz watoms QE ﬂﬁcr%uaa
I (8)% 18.6 % 0,307 12,8 % o,28P 31
II (B) 17,3 2 0,26 12.3 2 0.8 29

& The figures in the parentheses indleste the number of flssks
Wﬁﬁg

b The flgures in the last colusn reprosent the standard deviee
tion,

Teble XVIIT shows that dihydrotachystercl has no effect on
oxidative phosphorylation when alphaeketoglutarste wes used ee

the exogenous source of oxidation,
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TARLE XVIIX
THE EFFECT OF DINYDROTACHYSTEROL ON OXIDATIVE PHOSIEORYLATIOH
OF a~KETOGLUTARATE BY RAT KIDNEY MITOCHONDUIA

0, Utliiged P, Uptake

2 i
Conditions uatons unoles 42
| + . .8 +
Complete System 640 « 0,3 1647 = Yo0 2.8
complete System + |
DHT B.3 = 0,2 1642 = 047 3.1

a The last eclumn of fiures rayreaanta the standard devlation.

(lutamic seld;, can glve rise to elitric seld eyole interw
mediates by enzymatic transamination with pyruvete, for cxample,
to yleld asketogluterate and Iealanine, The effeet of vitamin
L on the oxldation of this metabollite both in vive end In yitre
has been reported by De Luoa {1% 17)s It was showun that the
vitamin d1¢ have a slight but significant fohibitory effeect on
the oxidation of this substrate, Recent Investipations by '
Rasrmugsen and his eosuorkers €§2} have shown that parathyrold
hormone, o8 preparad by gel iltration, doss not only stimulete
the oxidation of this Intermedlate but aleo unoouples oxidative
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phosphorylation to a remarkedle degrce, They reported e deecrease
in the P/0 ratio from 3.0 to as low as 0.7, They conclude that
the wneoupling superficlally recembles that of 2,ledinitrophencl
but differas in one striking resrect in thet the hormonal response
requires the presence of lnorganis rhosphate wheress that due

to 2, hedinitrophenocl does not, It therefors seemed worthuhlle
to test the offeect of dilhyirobtachysterol on these metabolle
processes, The results obtained with glatamata} which was
surplied st the 30 umolar level, are civen im Table XIX, These
dats indloante that the eoffect on the oxldation of thim substrate
is very aimilar ot that obtained with alphaeketoglutarate as the
substrate, The doeresse in oxidation was, on the aversge, about
21%. Again, the inhibition of oxidation wes significant but

net as grest as that recorded with cltrate or iscoltrate,

TARLE XIX

BY RAT RIDEREY MITOCHOWTRIA
ag Consumption

Without DET with DHT
Experiment uatons 0n uetons Qa Decrease
74
I (8)e 22.4 ¥ o,11P 17.2 2 0,15® 23

II (8) 196 % 0,19 15,8 & 0,22 19
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& The figures in the parenthesen indleste the number of flasks
used,
b The laat column of £igures represents the standard deviaiion,
Table %X, which contalns the data obtained on the effect
of ﬁihyﬁrutﬁnhyxtareivan oxidative phmspharylatisn using glue
tamate as the oxldizable source, ahnwwitﬁax the stercl has no

effent on this proessg,

0, Utilized Py Uptake

Lopditions uetoms Jumoles B/o

Complete System 849 110.2“ 245 2 1,38 2.7
Complete Systom +

pHT Be® & 0,33 23.6 % 1.5 2.7

& The last columm of figures represents the standard deviation.

EFFECT OF DIHYDROTACIYST:)
TION OF SUCCINATE
The oxidation o»f gsuceinate to fumarate; medlated by sue-

ROL_ O THE OXIDATION AND OXIPAT

¢inic dehydrogenase, ia the only dehyédropgenatlion ster in the
eitric acld eyele ip which the pyridine mucleotides do not
partleipato., This intemediste was added at the 1% umolar
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lavele The dote in Table XZXI show that there is & vory slight
decrease in the axi&aﬁiaﬂ of thias substirate with the kidney
mitochondria fron dihydrotachystercl treated animals,

TABLE XXI
IN VIVO INHIBITION OF DIHYDROTACHYSTER
OF_THE OXIDATION OF SUCCINATE BY RAT XIDNEY MITOCHONDRIA

0, Conmwmption
g onenm
Without DHT With puy Decereoase
Expawﬁm&uk &a&a&a Qg uatama ﬁg B ,ﬁ
1 (88 173 b4 9;33*’ 18,8 X ﬁpllt«b 10
1T (10) 20,3 & 0,28 18,0 ¥ 0,29 11

a ?hzdriguvws in the parentheses indicate the number of flasks
Us6Us

b The last column of {igures represents the standard deviaitlon,

The date showing the effect of DAT on oxidative phosphorsles
tion with succinete is glven in Table X¥IX, It can be sesn that
there is no evident effeet in thils regard, The values obtained
sre quite close to the theoreticsl value of 2,0,
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TARLE X0aI
@2 Utilized Fi Uptake
Conditions uatons umolen B0
Complete System 9.8 & o,p2 17.1 2 1,78 1.7
Complete System 4
DHAT 8.6 £ 0,22 15,6 £ 0,72 1.8

a The last column of flzures represents the standard deviation,

LFFECT OF DINYDROTACHYSTERIL ON THE ¢
The last intermediate to be considered in this 1nvaﬁtiﬁu~
tion was pyruvie acld which can eonter the clitric seld eyeles as

acetate and condense wlth oxalmscotate to form eliriec acld.
Pyruvie ecld, belng structurally similer to seketoglutarate,

san undergo analogous reactione sueh es transaminetlion and
condensation with acetyl«CoAs. A pyruvate-~fumarate mixture was
provided at a ratio of Lil, The actuml concentration of the
nixture was 20 umoles of pyruvate end £ umoles of fumarate.

In this asystem, the fumarate acted as a 'primer' for the oxida«
tion of the maln substrate. The data obtalned with this system
is given in Table XXIIIs It can be sosen that there is no offect
of dihydrotachystercl on the oxldation of pyruvate,




IN VIVe INHIBITICN OF DINYDROTACHYSTEROL O THE OXIATION
OF FYRUVATE BY RAT KIDSEY WITOCHONDARIA

0, Consumption

e
a Without DHT With DHT Decrease
Exporiment uatoms Op uatonms Up R
I (10)® 12,6 £ 0,01° 1.1 £ 0,65¢ 9
11 (8) 15,1 % 0,L8 1.3 % 0,37 5

& The kildnev preparantions were incubated for s period of 50
ninutes in Experiment 1 and 460 miputes in Experiment II,

b The flgures in the perenthescs indicate the mumber of flasks,
¢ The last column of figures represents the siandard deviation,
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CUAPTER IV
SUMMARY AND DIScUssIoN

The in vivo and in yitro effects of dihydrotachysterol
on the oxidation end oxidetive phosphorylation of waricuz interw
mediates of the oltrle scld oyele by rat kildney preparations
have been invaa@igatad;

Eidney homogenates, mitochondria and microsomes were proe
pared essentlally by the method of Schneider (55), Incubations
of these preparations were carried out at 37°C in the sase of
the homogenrates and at 30°C in the dase of the mitochondria
and the mixed eell preparations, Oxidatlions of the substrates
were messured manometrdiecally. The filtrates, for the caloules
tion of the P/0 ratiocs, were analyged for inorganie phosphate
by the method of Plske and Subbarow (2h).

A method was developed for dispersing the sberol in the
aqueous reaction medium, This method consisted of making a
poaste of the sterol with Tween 20, an emulsifying agent, Phose
phate buffer solution was then added until the desired volume
of the suspension was obtalned: Incubations with the klduey
properations showed that this carrier did not affeet the rene
piration to any extent,

The initial in yitre incudbations omployed rat kidney

homogenates, The data obtained with these preparations showed




'
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that dlhydrotechystercl, when added dirsetly to ths reaction
mediwm, did not affect the oxldation of exogenous oltrats oy
suceinate, However, when the endogenous praperstions alone
were inoubated with varyiug emounts of the stercl, an inhibie
tion of oxidation amounting to L0 wae obaerved,

In order to loselime the effect of this inhibition, rat
kiduney mitochondsla were prepared and the setion of dlhydroe
techysterol on the oxidation of warious substrates of the
eltrio seid eyele was studied, In %hagﬁ experiments closs
attention wns gtgﬁn to variables such as osmolarlty, which was
adjusted to 0,30, and the patlo of K*/¥a*, which was wept close
te 3t11, The data obtalned showed that additlion of dihydiroce
tachysterol to mitochondrle containing eithsr clitrete or suse
cinate as the oxldizable substrate ¢id not affeot the oxidation
té any degree, Lxperiments in which a hexckinszewpglucose trape
plrg aystem wes sdded %o the medium showed similar results,

At that time it wes declded %o adé malonate to the incus
batlion medium so that the oyele would procsed from the point
of the perticular subetrate sdded and halt at succinste. hen
citrate was used as the exogenous gsouree of oxidatlon in the

mltochendrial preparations, in the pressnce of malonate, the

oxidation of eitrate was redused by ©0%, However, the smount

of oxypen eonsumption wes not depreaced by the sddltion of the

sterel, OSimilar results were obtained when s mizture of pyrue
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vate and fumarete wes incubated in this system.

Interest was thenm vurned to the poasible effect of dlhye

drotashysterol on oxidative phosphorylation of wvarious sube
strates by kidney mitochondira, The substrates employed ine
eluded citrate, askobopluterete, suceinate, and glutamete,
The date obtained showed that the P/C ratics for these inters
mediater agree well with those values reported in the literae
ture, It wes also shown that the sterol bad no effset on the
effielency of coupled rhosphorylation,

The fact still vemained that dihydrotachystercl did inhibit
the reaspiration of the kidney homogenates, Since this effest
wke demonstrated with the whole eell preparation and not with
mitsehondria, the effect of the sterol on substrate oxidation
by kidney mitochondris with added microsomes waes investipgated,
The substrates used in thia series of experiments were oltrate
and succinate, The data obtalned showed that the sterol did
not affeet the oxidation of these intermedistes, It was also
shown thet succinate was retmbolized to & grester extent than
alitrate,

Sinee the in yitro approaches failed to yield any signifie
cant effects of tho sterol on the oxidation of the metabolites
used and on oxidative phosphorvletion with mitochorndria and
nixed cell frections, attention was turned to an in vive

apneoach,




- 70 -

Mele Spracue-Dawley ratz were ;iven a single intre~
peritoneal injection of 1 mg., of dihydrotachystercl in corn oll,
The enimels were placed in metebolism ecages and given food ard
wator ad 1ibitum, The control animals were trested in the same
marmeyr with the sxeention that they reesived comm cil only. |
Twentyenine hours after the injsotlion, the animals were
sacrificod and the mitochondria were prapared,

The data showed that thers was a4 small but slenificant
decrease {207) on the mitochondrial oxidatlion of citrate by
the sterol, This effect is sinilar to that reported by DeLuoca
and coeworkers (15) who found thet the in ylve sdminlstration
of vitamin I to rachitic rets reduced the oxidation of citrate
by kidney mitochordria by 279,

In subseguent experiments 1 mg. of the sterol was injlected
dally for three doyse The rat kidney mitochondria wers prepared
tuenty-four hours after the third inisction, Again, ths oxidae
tion of citrate was inhibited by 20 per cent, “hen succinete
was used ez the auhstrate, no inhibitory effect upon the oxnldae
tion wes obtained,

It was then deoclided to employ s eombimation of an ip vitro
and en in vivo approach. Accordingly, kidney nitochondris were
prepared from enimals injected as Iust describod, The oxldoe
tilon of citrate by kidnsy mitochondria prepared from the trested
animals wes 19% leas than that by mitochondria which had been
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prepared from untreated anlmals, It was siso found that the
oxldation of oltrate by the mitochondria whiech were prepared
from the treoated animals was not affected by the direot addition
of dihydrotachyatersl to the reaction medium, Sinmilar exporis
monts with scccinete an the oxfdizeble souree showed that volther
‘the in vivo administration of the aters) nor its in vitro addie
tion had any effect on the oxidation of this ﬁatab&li&aﬁ

An Importard shange was introduced into the experimental
design at thiz time, A hexokinaseesglucosg trapping system was
atded to the flaske sc me not to limit the oxidation by lack of
vhosphate acceptor, Hats were gliven two injcctions of the ah@rolA
one mg, each, five daye apart, On the tenth day, the animals
were saerificed and the mitochondria prepared,

A summary of the effecle of dilhydrotechysterel on the
oxidation anéd oxidative thosphorvlation of various intemedlates
of the eitric eeld cycle by kidney mitochondris prepared fyon
theae trpeated enimals is presented Iin Table XXIV,

The oomparsbive effect of dihydrotachystersol on the oxidae
tion of various substrates shows that the sterol had o promounced
ef'feet on eitrate and isocltrate oxidetion, Its effeet on plue
tanste and slphge-lretoglutarate oxldation was less marked but
si-nificant while on the oxlidation of sucelnate and pyruvate
in the rresence of funarebte 1t had 11lttle effect.

These results extend the findings reported by Hruchmann
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TABLE XXTIV

OXIDATION OF VARIOUS SUBSTRATES AUD COUPLED PHOSPHORYLATION BY

KIDNEY MITOCHONDRIA FROM RATS INJECTED WITH DIBYDROTACEYSTEROL

0,. Cons tion P/0
0p Consump */o
Substrate Without With Per Cent Without With
DHT DHT Decrease DH? DHT
Citrate 22,23 1,7 10,3 X 0,72 53 2.k 2.4
deIsocitrate 17‘5 * Ons 9;5 3 {)03 }.‘,6 3»0 29
alphae
Ketoglutaratel8,0 % 0,3 12.5 £ 0,y 30 3.1 2,8
Glutamate 21\;’4 3 0.’4 léuS : 0.3 21 2e7 247
Succinate 18,8 % 0,3 17.2 ¥ 0,2 10 1.7 1.8
Pyruvatew
Pumarate 15.h ¥ 0,5 1h.2 * 0,8 7 — -

& The last columm of fipgures reprssents the standard deviation.
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(£) end olso reveal the similarlty of offeets of vitaxin I and
dihydrotachysterol, BEruchmann has reported that the effect of
éihy&rﬁtaﬁhgataru&é on incubailions of the ilsclated heart aconle
tese aysten Io olmost six times as potent as vitemin I in

in bibiting the conuversion of citrate to cls-sconltate, it ls
interenting t¢ note that both dihyérntanhya&&roxz and dihyirow
taahyatsralg are more sctive hyrpercaleemlc sgents than eilther
vitamin ﬁ3 or vitenmin ﬁa when given orelly or lntravenously.

The investlgetions of D'e Luca ot als {(16) have shown that
the in yivo adminlstration of vitamin Ly to rachitopenic and
nonerachitogenic diets inhibited the oxidation of citrate (577),
isceitrate (20%), alpha-ketoglutarate (17%:) and glutemste (11%)
by rat kidney mitoschondria but had essentislly no effect on
the oxidation of succinate, pyruvate plus oxalacetate and betas
hydroxybutyrate. UWhen comparing the in yivo effects of dlhydrow
tae&ysterﬂlg and vitemin ﬁa on the inhibitlon of oxidation of
these intermedlates, one notes that dlhydrotachysterol and
gltamin D inhiblt the oxidetion of the same Intermedlates and
to the same order of magnitude except in the case of lsocitrate.

In 8 more recent study, Do luca ané Steenboek (17) demonw
strated sn lIn wvitro effect of vitanles D on the oxidation of
cltrate, isceltrate and glutamste by kidney mitochondria preoe
rared from vitanin D deflclent vats,, In contrast; in the present

study, no in vitro effect of dihydrotachysterol on the oxidae

T
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tlion of oitrate ﬁaa cbaerved.

It hes been éémanatraﬁad here that dihyérotaehystercl
did not effect oxldmtive phosphorsletion of varicus intermedistes
of the oltric scld cyele by rat kidney mitochondria, The same
sbservation has beon reported In tho omse of vitamin I' (16).

The vesulss of the experinents degsceribsad in this dleserw
talon demonztrate o slmilarity of action of witamin D and
dihydrotachysterol in reducing ecltrate oxidetion by kldney
mltochondria while not affecting the efficlency of eoupled
yhssyharylation to any deogrese,

Calelum may be mobllized by en accumulation wf aitrete
and the possibility that the resulting eccunulation of citrate
in kidney, due to wreduced citrate oxidation, end possibly ip
other tissues nmay be an lmportant faector in celeium trensport

and deposition 18 of consldersble interests
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Dihydrotaciystercl,s Concentration, 6,0 x 1@3"’“%@’%&1 in 95%
EtOH§ Blenk, 95% EtoH,

icel Densit Yavelength ptieal De:

«04,003 21,80 0.512

~0002 2160 04460

04003 2o 04507

05049 2L 30 0,520

Ou2h5 225 0.523

0390 2120 0u457

04393 2l 04158

04346 24,00 0.410

2x80 02360 2380 04320
2560 0,391 2360 04267
25ho D530 2320 0el7
2520 0.598 2300 0,063
2510 0460l 2280 0.007

2500 D572 2240 04001




Experinent
and Numbey
of Plashks

TABLE XIIX

Substratej Citrate, LS umoles

axygan Gun&umpgiﬁn

Used 10 win, 20 min, 30 min, LO min. 50 min, 60 min.
mt* 1 2;8”9 ?ﬁﬁl 13&5 1,6;?
Controls 2430 T2 127 173
{6) 25 «J% 11.9 lﬁﬁg
2417 T+63 13,0 17«
2022 '933 12&6 172
3&25 Wl 12*6 1?‘3
Average gt% Te32 12,6 172
Exnbe I 2.08 317 5489 gclg
Troated 197 .22 6.12 .12
(6) 2411 %tﬁq 5.78 g.z&
1.99 3e22 6&10 «09
2.02 3.1 6.15 9 R+)
Averapge 2.06 315 6,01 7.80
Bapt. 11 211 Tel? 12,2 167 3@t2 2l 42
Controls 201 6,81 12.5 172 1% 2346
(;«E) 2»21 6;‘;? 1109 1 nl} &‘1,2@ s ;te
2.36 Tels 127 1649 2047 2042
Aversgo 2,25 7+06 12.3 16.8 20,5 2l
Expte IX 1.77 3e21 Q;gg ?aﬁl Ba.72 G828
”w?r§ﬂé §Q§2 %0%3 5 &? gagﬁ ?tgg %gtg
16 28 Be b 8% 1003
Average 1&8*& 304 577 7«16 8,99 1042
Expte III 2, 6422 1040 12.8 173 202
Controls 213 étﬂ 1043 13.2 l?gg Si'i..h,
{ S) 3# 3‘5 éol? ‘9*79 12 ] é lﬁt 1%* 3
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Experiment xygen Congumption
and Nunmbep %tmg[% vy B
of Fleasks ’ ‘

Used 10 min, 20 mine 30 mine IO min. S0 min, 60 min,

xpby 111 250 6.1 10,1 13,1 17.%5 2041
%ﬁ%}a a.gz; .6’3? 9:80 12,7 7.0 190k
Average 2.2 6,3 12,0 1249 17.3 204
te III 1,80 379 6.29 £,11 G.82 102
O g 28 SR omoim i
1.72 3060 a5l 344 .5& 1048

1.75 3458 Be87 7:33 9e72 1047
!»&wmgge 1 a?}«{ 3*39 6‘&3 ?ﬁ?? 9»57 10,0




$ﬁ&mtrut¢§ isooisrate, 15 wmoles (Drpte I) and 20 umoles

{Bxpt, IX
Lixperimen Daypen Coasvmption
m Fumbey ;’; s/ m ' »
of Flaaks ‘
Used 10 win, 20 min. 30 mine LO min, 50 nin. 60 min,
te 1 1. 1 96 3,07 L.87 Se91 0.0
sipes MR B4 g ERooy
' 103%  aud . Fe51 BB Bud3
Average 129 2.3 3.58 519 6429 8.51
Expty I Cu72 1.50 2,06 2:.73 33 1«07
Troated 0,58 1.1 e ok 2E vy
(L) 5,61 1,2 1;;1 2.5h6 2,89 3&§g
Ue63 1,35 1.0 2e52 3.12 3¢ T
A%Mﬁﬁ QQ&3 1;33 3&2 205& 2499 34!6&‘9
t., X1 2,56 5 o 20 7.5 10 13,1 1649
Gontwols A Biae A3 E W 10w
| () gv/‘?ﬁ 50?9 »g% %%02 %&r% %;aé
A0 S 30 S v S0 S 150"
Average 2,68 5453 796 1049 11&#&« 175
mty IX 3.;93,. 3*62 ﬁ.ﬂ@ ?gm ﬁ.zﬁ 10,1
Troatod 1.56 3,3 Lo 59 (I a8 Del
(s} o+ TR 407 S - S o4 S o0+ M 4+
le22 3edl Lo 50 6,01 Te03 Qe9
1,37 3.29 k.72 6429 7+3 9433
Aversge 1.57 .39 Le'th 6ebi2 Te56 Geblt
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EXADLNTAL DATA:  TABLE XVII
Substratve; alpha-Xebtoplutarate, 30 unoles

Lxperiment Oxypen Consuwaption
and Nunber _uatoms/me, B
of Plasks '

Used i0 min, 20 win, 320 min, LOC min, 50 min, 60 min,
Eapt, I 2.59 by Be92 1241 1542 1645
e w8 B oI

' 2.2 8ah 1.8 18,3 15.3
Average 2.47 £.02 2,58 1243 182 18,6
Troated 1491 g 8 ik 8.1,3 1-:3:3 12,7

(L) 219 sdl a7 g#@a 104l 1245

2-.1‘31 3&93 6« ‘ :lng? 10,3 13;@

Bapte IT 2,6 86 8,11 11,2 13eds 170
Gonirols  oi0%  £or ok o B =
(L) 2,77 Le93 8.2k 12,0 139 17l
2493 LeT9 Ca37 11,7 13, 17«2

Average 278 heko 8.33 11.8 13.8 173
Expt, II 1.&& 3.53 . 00 T+01 Tell 11.56
Treated 177 3.2k g,&s 7290 19:% 12,5
(L) 1,80 369 Seli2 7458 9o 76 12,2
1.61 3,03 525 737 9e92  12.4

12.3

Average 1,70 337 5435 Tobib 9977




Experiment
and Thmber
of Vlasks

Usod

10 min,

20 min, 30 min,

ﬁﬁ m&ﬁw‘ 5ﬁ-nmmw

€0 min,

Expte I
Controls
(L)
Average
t
g‘!’ﬁne&
(L)
Average
Expte II

Contypols
"

Average

Troabed.

(&3

Average

P,

ﬁm
£.01

(R

Ball
74T
,v*gg

54»&9
e
6400
heT2
Le26
Le9

11*3
3905

18,0
%si&

"33
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EXPIRDMINTAL DATAY

TABLE XXX

Substrates Suecinate, 1% umoles

Troeriment Oxycen Consumpiion
and Yumbay unboug/mo. 8
- of FPlasks
Used 10 mine 20 min. 30 mine IO min, 50 min, 60 min.
Expty 1 3&&@ 6&52 9tk&~ 12.7 16&3 2&‘5
Controls 3.20 6479 D+0 124 15 20.1
(8} 3437 6e79 Je28 12,9 16,7 21,0
3,12 6,82 8,97 13,1 1642 19,8
3,19 6,91 Q.72 12.3 15,9 20,3
&?ﬁ?ﬂ%ﬁ 3433 6,69 Qeli7 1247 16,2 20:3
Expbe I 708 5&31 862 110 1&&8 1E‘k
Troated 2,71 Sali5 g.m 11.b 151 g
(s} 3.10 601 29 1049 Wb 1
2.66 5.67 8,57 109 1.9 1§hl
2.92 .72 3.96 1l.6 1La7 176
Avarage 3155 5¢?3 gg@ 1113 mqﬁ 1@;9
E&@ﬁg II 2e12 5‘&8 8 19 19'3 n& &?;2
aa?it?nla g:iﬂ‘; g:glé 8:3}3 zz:% ig»% %;:1&
& i 3 aFi . .
2.0 EX R - Y- A x'z:g
Average 2422 Seli% 8,11 1045 1346 1743
Bxpt, II 1.82 L83 Te22 STT 1243 15,
meled  Lp b M m dg i
Yotk Le76  Te27 S desh 1546
Average 1,55 LeT? Te27 9460 123 155




Substratet Pyruvate, & umoles nrd Mumsrete, 5 umoles

Trmeyinent
and Humber
0f Plasks

EXPIRINUNTAL DATAS TARE EXIIX

Oxypen Consumptlon
natomsfur, 1

Used 10 min, 20 min, 30 mine L0 mine 50 min, 60 min,
Expt. I 3.29 6,11 0,02 12,7 1642
Controls Pa Qﬁ t‘;‘ ‘_’:&? {: gi’? 1.2 15‘1
(5} 2410 54» Ca7H 1148 15«7
‘ & '8’33 54 i ] 8,‘{)& 11;3 15%
,,le 5. . 8 %‘5:‘} llbé 15!
Averace 3.0k 5.82 2 #?br 11.5 15,6 |
Ewpt, I 2w 2 1 ’;t 13 30} §,? 111,4 u%!?
Troated 2.5 L.93 8,06 m.f 13.3
(5 2,4t I3 8,01 10.0 13,?
SR 3t SR+ S o S 04 A
Expte II 2 b6 l@.QB ?*1‘ H i}.h? 11*3 1&’06
Controls 253 5,03 7eb5 930 11y 15k
(1) 281 88 6.9 10,3 12,8 18.6
277 5479 T+T1 1046 13.2 16,0
Averspge 2.6h 503 Toh1 1041 12,3 15,1
Treated 21 L.E8 6,91 9,22 :u..? ol
24 3ﬁ 4 pi’:';B 64; ?1. B w"?? 11' 5 12&; i
Average 2,28 Labhis 6400 8,93 11.2 ke3>




Abstrast of the dlasertation entitled, "The Iffect of gggx§§gy

tﬁchxstgfg; §h§ Citric fcld Cyele", submitted by Joseph P
Lhibert n ﬁggt &l v 1ment of Fhe reculirements for the
degree of Doector of Fhilosophy, February 196l,

The in vitro snd in vive effects of dlhydrotuchysterol
on the oxidatlon and oxidative phosphorylation of various ine
tormodliates of the citrie scicd cycle by rat kidney prepasrations
have been studled,

Kidney homogcnetes, mltochondria and microsomes were prew

pared by differential centrifugestion., Incubations of these

preverations were carriﬁd out at 37°c in the case of homogenates
and at_30°c in the ense of mitochondris and the mixed cell prepe
arations, Oxidations of the substratos were wmeasured nato.
metricallys The flask contents, prior to and following incubse
tion, were deproteinized with perchloric aclid. The filtrates,
for the ealculation of P/0 ratios, were snalyged for inorganic
phosphate,

Incubations employing kidney homogenates showed that dlhye
drotachysterol, when added direectly to the reaction medium, did
not affeat the oxldation of exogenous cltrate or succlinate,
However, the in vitre additlion of the sterol to endogeunous prepe
erations slone, inhibited respiration by LO7,

When the setion of dihydrotachysterol on the oxidation of
citrate and suocinate by “idney mitochoundria wes studled, it
wns shown that the sterol had no effect on the oxldastion of i
these intermedlates, Oimilar results were obtsined when citrate,

1
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succinate or pyruvate in the pressnce of fumsrate were incubated
with kléney wmitochondris in the prescnee of added malonate,

Dihydrotachyaterol had no effect upon the effielency of
eoupled phosphorylation of eitraste, sucelinate, alphaeketoglue
tarate and glutamate by kidney mitochondria in wyitro.

The effecet of the sterol on substrate oxidation by mitoe
chondris with added microsomes was investigeted, The data Obe
tained showed that dlhydrotachysterol ¢é1d not affesct the oxidew
tion of citrate or suceinete in this system, |

Attention was turned to the in vivo effects of dihydro=
tachysterocl, Male ratz were glven m single 1ntf&yer£tanﬂa1
injoetimn of 1 mge of dihydrotachysteroel in corn oil. Twamtya
nine hours sfter the Injection, the animals were killeé and the
mitochondrias were prepared, The data showed that thers was
a'amall but signifieant decressze on the rmitochondrlal oxidation

of eltrate by stercl, This inhibitory offest waa not
enhaneed by mitochondria prepared from rats treated with 1 ng.
of dihydrotachysterol dally for three days, It weas {ound that
the oxidetion of citrate by the mitechondrie which were pree
pared from the treated animals was not affected by the direct

addition of sterol to the renetion medium,

Subsesuent in vivo experiments ineluded the additlon of a
hexoklnase trappiag system to the reaction medium,

Pats were glven two iInjectlons of the aterol, one mg. each,

five days apart, On the tenth day, the avimals were sacrificed
i1
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and the mitochondrie prepared. It was shown that the sterol hed
& pronounced effect upon citrate and isceitrate oxidation, Its
effect upon glutamate and alpha:ketoglut&vate oxildation was

less moerked but significant whiie on the oxidation of succinate
and pyruvate in the presence of fumarate 1t had little effect,
Dihydrotachysterol did not effect oxidative phosphorylation

of these 1ntermediaﬁag$of the eitric acid cycle,

| The evidence presented demonstrates ﬁ similarity of section
of dihydrotachysterol and Vitsmin D in reducing the oxidation

of cltrate and isocitrate while not %gfacting the efficiency

of caupled phosphorylation to any degree, Culeclium may be
moblilized by complex formation with citrate. The increased
 accumulation of citrate in kidney, and possibly in other tilssues,
due to these hypercalcemic sgents, may be an important factor

in calcium transport and deposition.
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The dissertation submitted by Joseph P, Liberti has
been read and aprroved by five members of the faculty of the
Striteh Sehool of Medieine, Loyola University,

The final copies have boeon exanmined by the dirsctor
of the dissertation end the sigpature wvhich appesrs below
verifies the fact that any necessary changes have been incors
porated and that the diesertation is now given finel spproval
with reference to ocontent, foxm and mechanical accuraey.

The diasertation ies therefore sceepted in partial
fulfillment of the requlrements for the degree of Doctor of
Fhilosophy,.
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