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- ABSTRACT

| Rouesetfus aegyptzaau, the frmt bat i isa crepu&cular fmglvore W1th no obwous access
o elther €XOZenous of endogenous sources of vitamin D, Therefore this atumal’

vitamin D status and endqcnne sys_tem was _mvesngated,

Both captlve and wﬂd populanons of fruit bats appear tcv be naturally ina v1famm D
1mpovenshed state The serum concentrauon of the pnnczple o:lrculatory, metabohte
[25(0H)D] is undetectal_.ne (< 4 _nghnl). Frmt_ bats_ possess the.f_ull comphmcnt of
znzymes associated .with the vit'amin D endacrine system. This was shown wheii .

| labeiled more polar metabohtes were produoed after the administration of *H vitamin |

' D, and H 25(0H)D3 Furthcrmore, a Speclﬁc wtamm D hmdmg protem (DBP} is

present After part:al puuﬁcatlon, it was rcvealed that thls molecule is shghtly lJarger-

. in molecular mass than that of humans and baboons

The mtrapentoneal administration of 25(OH)D, revealed enhanced Ia-hydroxylase
. activity such that 1.7 times more 1 25(0}1),1)3 was produoed than 24 25(0H)2D, The |
ratio of these dl—hydroxylated metabohtes conform with the ratm of these 2 metabolites
in states of vitamin D deficiency and thus confitm the impoverished vitamin D status.
Undetectable serum concentrations of 25(01-1)Ds might therefore be.explajned by a
limited exogenous yitantin D substrate (roteing fru peels and fungi). Given the elovated

: 1o hydroxylase ﬁcﬁv_ity, the smail arounts -of 25(0H)D produ_ced woﬁld be fapidiy
cdh\}erted to- thé . tive metabolite. The low.conce.ntration of active horzﬂbne _appéar

' ade.c‘mﬁté: for the maintenance of mineral homeostasié as indicated by tightly controlled




*serum calcium 2.26 < 0.17 mmol/l), magnesium 01.16 + 0.24 mmol/Y) and inorganic
* phosphorus (2.93 + 1.01 mmol/). |

Both vitamin D, ad vitamin Dy metaboiites were detected in bat serum albeit in very
: small amounts suggesling that frult bats exploit both exogenous plant sources (skms
of fnut vitamin D;; fungi - mtanrun Dy) and might 1ndeed receive some U V light .

during their crepuscular forays to endogenously produce small amounts of mtamm- D;.

In concluslon, fruit bats appw to beleng to a sma]l group of ammals that namrally |
have hmrted aooess to vitamin D, yet the vitamin D emdocnne system in tlmse ammals -
is no different to that of omer-mammals These ammals have adapted their mtamm D

| endocrme system to functmn well at the low honnone concentrations and they exhlblt

. no pathologxcal problems assoc:ated w1th relauve vitamin D depletwn
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CHAPTER 1

The biology of Vitamin D and fruit bats: a literary perspa'ctive
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11 Intoduction

- In a}lmammais studied to_daté,. mtamm D appear# essential for ]J'fé, regulating _lﬁme
vital iological functions (Kumar, 1986). “This fat souble vitamin ylays a major role
in calcium and. phosphorus homemtasm Mmeral balance is maintained iy several
proeesses, mcludmg the stimulation of active calcmm transport in- the mtesune, the |
| .controi of t_mner_al excretion and the mobilization of mmera}s from bone. In this !'.-".ay
plasma'concentrations of mmerals are tightly rgg_ulahed._'ltn addition vitamin D has

 several funetions not _dirégtly related to mineral hohleo_stas_is, these include the

activation of T lymphocytes.('l‘souka_s et al,, 1984), the centrol of peptide hormone

- secretion e.g. parathyroid hormone (PTH) (No:nian and Litwack, 1984), prolactin

_ _(Richard- et al, 1991),-and" insulin (Kadowaki and Norman, 1984), and mediates.the "

development and control of lmmumty (Haussler etal., 1988; Haddad, 1984; Matmlagas "

et al 1990)

The vitamin D system is unique amongst hormenes in that it is dependent on

environmental factors (&.g. sunlight) for the provision of the parent vitamin and on

- multi organ participation in both the activation and biological expression of the active

metabolite (Stumpf, 1988; 1991). The principal circulating metabolite is 25-

hydroxyvitamin D (25(0H)D)- This metabolite is further hydroxylated to two more

polar metabohtes. either the acuve. hurmone, 1, 25 -dihydroxyvitamin I (1 25(0H)2D)

ora second metabo]ms 24 25—d1hydroxyv1tam1n D (24, ZSKOHJZD) which is thought to

be inactive. The kidney is the central endocrine gland that produccs in: regulated-

quannues the two key -dxhydroxywtanun D metabolites (Norman, 1990).
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1.2 Historical

The historical'hack‘gmund to vitamin D and its functio;i has been extensively reviewed

(Norman et a, 1982, DeLuca 1984; Kumar, 1986) Most of the early work on
vitamin D exammed the effects of v1tamm D or lack thereof on bone diseases such

s rickets and osteomalacia.

Vitamin D -d'eﬁciency., as seen in rickets, was well documented from as early as the
© 17th century (Glissor and Whistler, 1929), however it was the nutritional studies of Sir

Edward Mellanby ini 1919 that demonstrated rickets to be a disease resulting from the

| 'deﬁciency of vitamin D. The work by MeCollum in 1922 showed that there was more
_than one fat-soluble wtamm and he clea:;ly differentiated between vxtamm A and |

vitamin D deﬁcnency. This early work thus estabhshed the nutritional 1mportance of the |

fat—soluble wtamm D,

- A most 1mp0rtant dlsoavery was that ultravwlet light could corract vitamin D deficiency

 (Huldschinsky, 1919; Hess and Gutman, 1922). Steenbock and Black in 1924
demonstratcd-.that_vitanun D, e1ther-_synthemse_=d in vivo in the skin of rats or available
- in rat food, was ultimately produced by irradiation with UV light. Shortly theréafter (in

.the 1930’s) the chemistry of wtamm D was_.analysed-‘by reseérchers such as Windaus

et al., 1936 who identified the sterols, vitamin D, in 1932 and vitamin D in 1936,

Since then the field of vitamin D research had advanced in leaps and bounds, both in

respect of the funét_iph and the biochemical metabolistm of vitamin D,
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1.3 Sources of vitamin D

There are two ‘major sources of vitamin D, In animals it may be endogenously

~ produced in the-skin in the ﬁresence'of ultraviolet light or it 'may be acquired by dietary

mtake V1tam1n D, is the form naturally praduced in the skm by the actmn of ultrawolet
_ 11ght It may also be acqtured from the mgestion of animal products. V1tamm D; is
formed by the irradiation of the plant sterol (ergosterol) and this form may be ingested

in the diet,

In man, both fo:_ms are usuaily present in the citculation thdugh‘ the concentration of -

25(0OH)D; is generall:’ subst'aht?ally higher than 25(GH)D§. Higher serym concentrations

of vitamin Dy metaboi.ces reflect the importance of skin synthesis in the maintenance

of normal vitamin D status (Audran and Kumar, 1985; Horst et al., 1988; Reichel et

al., 1990).

. Vitanﬂh D, is synthesised from 7-dehydtocholesterol, which is normally present in skin
(Holick, 1984). When human skin is exposed to high energy ultraviolet photons, with

energies between 290 and 315 nm, previtamin D, is formed from its precursor,

provitamin D, (7-dehydrocholesterol) Previtamin D, is then thermally rearranged to

' form vitamin D (Bsvelt et al., 1978; Holick et al., 1979) This latter process takes

. place over a three day period (Figure 1)
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Figure1, -
. Photosynthesis of previtamin Dy (Holick, 1981),
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- The photolytic conversion of 7~dehydroch01esteiol_ tc vitamin Dj occurs both in the

epidermis and dermm in the ranon of 80:20, .With"increasing age, vitamin Dj -
production'd'ecreeses in the epidermis with.the resulting possible decrease in serum |
wtmnm D, coneentrauon Other factors which influence the amount of vitamin D; -

| produced melude the duratmn and mtenmty of sun exposure, the wavelength and

amount of _ultravmlet_ light rea_chmg the- skin and the degree of skm plgm_entauon.

Darker gkin (increased melanin pigmentation) restricts vitamin D, production and a

| hlack person reqmres 20 tlmes longer in the sun than a white person to achleve a

equwalent vitamm D, productlcm (Hohck et al 1987)

g Vltamin D3 once synthesmed is then transported away from the site of synthe&s mto the

~ circulation bound to its speclﬁc carier protem (Dueland et al 1982) Prewtanun D,

hasa lew affinity for this protﬁam and therefore remaing behind in th_e skin,

Vitamin D, can be ob'i.éined by eatmg animai pr‘odﬁcts (such as muscle and fat) however

this source i3 usually madequatc* to maintain a wtanun D replete state. Hlstonca]ly ﬁsh .

. oils (e 2 cod, hemng and sardmes) have been acknowledged as an unportant source
of vitamin D. Meat ﬁ-_om all domestic mammals is also considered an 1mportance source

of vitamin D (Audran aod Kuman, 1985).

In countries where adequate UV irradiation of the skin cannot be: acquired, certatn

foods such as margarine or milk, have been fortified in an attempt t0 maintain an

adequate intake of vitamin D,
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In 1986'Ricardo Boland reported the presence of a vitamin D3 like sﬁbstance in plants

. in certain areas of Argentina and Brazil. Jt was initially found in the irradiated leaves

“only of species belonging to the fasﬁily oi‘ Solanaoeae, although recently it has been-

recorded in the Jeaves of a number of other plants mcludmg alfalfa (Boland, 1986). It

: appears that tlus form of vitemin D3 ¢an indeed be used by the. ammals, as ammals.

mgestmg the Ieaves devolop hypercalcaemxa

. Ergosterol a plant sterol can be oonverted to vitamin D, by exposure of UV light, It .

is not known whether D2 isan Important source of vitamin D in herbivores, but in mar,

vitamin D, g_enerally appears to play a mm_or role in mamtal_mng an adequate vitamin _

" D status.

Diotai'y vitamin D is absorbed from the upper part of the gut in the same way a8 other

fat soluble compounds (Dueland et al., 1982), It enters into the circulation through the

ﬂlOraoic'duct in the chylomicron fraction of intestinal lymph (Dueland et al., 1982). o

- Like any other fat—soiuble compound, only a small fraction of vitamin D and its

| _ metabolites circulate in the unbound stete in plasma. Vitamin D and its metabolites are

 bound in the ciroulation to albumin or aliematively to a specific carrier protein (DBP), -

the vitamin D binding protein (Dueland et al., 1932 Smith and Goodman 1971 N

Haddad and Birge, 1975).




order of afﬁmty of DBP for the sterols is thought to be the fo]lowmg 25(0}1)13 =

. R S IR 9
"The specific DBP (also known as Ge-globulin) is a highly :polymorphic'. seruft -
~ glycoprotein synthesized by the Liver. It is distributed in most tissues eg. liver, -

- proximal gut, kidney, skeletal muscle and in lesser amounts in bone; brain and lung

tissues (Harper et al., 1987). DBP is found in all animads with skeletons eg. great apes,

'_new world monkeys, mouse, rat, horse, cow and dog (H'ay and Watson, 1976 a a:id b)

and is phylogenetically well conserved (Haddad, 1984; Bidmon and Stumpt, 1991).

D-binding protem has a strong homology with semr'n albumin and alphaéfctoprotein |
(Haddad 1987), and has a hlgher molar concentratlon (5 x 10°M) in clrculatlon than
the major mrculanng metabohte 25(0H)D (5 x 10“’M) All the v1ta,mm D metabohtes

N are known to bmd DBP in 2 ratlo of one mole of metabnhte/ mole of pxotem The

24 ZS(OH)ZD 25 26(OszD > 125(0H)2D > wtamm D W1th no dlstmctlon

: ~ between D, Or Dg binding i in man (Haddad and Cooke, 1989).__111 the physiological state,

~ at any one time less than 5% of the binding sites of human DBP are occupied by

vitamin D sterols. As 25(CH)D has the highest affinity and the greatest molar
concentration of the vitamin D metabolites, it is the predominant form hound to DBP

(Haddad, 1987).

_ Frt'ae métabcjites, rather than those bound, are active in vivo (Blkle st 2l., 1985). The

“high affimty of DBP for the active melabohte is an important factor in determmmg the

concentrauon of wtamm D metabohtes available for use by the cells.




10

‘Human *. 3P has a moleculsr weight of 58 000 dltons while in the rat its molecular

weight is stightly smaller at 52 000 daltons (Haddad, 1987). The DBP concentration

- .in normal human sefum samples is 422 + 27 mg/L (Imawan -and Goqdman, 1977;-

Bouitlon et al., 1991). Human DBP has & half-life of 2.5 days which is significantly
less than the 12 day half-life of 25(0H)D, and is Droduced at a rate of approxxmahe]y
10 mg!kglday DBP is. excrehed in the uring after catabohsm by proteases ([(umar

1986).

Low seruni' 1eve1s of DBP oceur in premature infants and in patlents with li'ver disease '
and nephrottc syndrome wlnle an mcrease is seen in- pregnant women and those .

-recemng oestrogen therapy The levels of DBP remain normal in a number o |

s&tuatmns such as v1tamm D deﬁmency, v1tzumn D mtoxlcatmn, hyperparathyrmdlsm

_ sarcoldoms, and hypophosphataermc nckets Thus there appears to be no regulatmn of ”

' DBP by vitamin D or its sterols,

1.5 Vitamin D metabolism

Vltamm Dis conmdered a prohormone in that it has no blologmal effect and exerts its

actions only after undergomg further metabolism (DeLuca, 1984 Kumar, 1986) To o

date more than 35 metahohtes of vxtamm D have been 1dent1ﬁed The functmnal

mgmﬁeance of most of these is unknown (kekawa, 1987 ; Henry and Norman, 1990).

The body is able to store vitamin D for refatively long period of time (Heymann, 1937;

Rossnstreich-et al., 1971). Body fat is the major storage site, a_lthoﬁgh muscl.e, skin and
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bone and liver are a]so unportant sites of storage (Mawer et al., 19’72 Rosenstrich et

al., 1971)

1.5.1 25-Hydroxylation of vitamin D in the liver

" Actwatwn of the prohormone vitarin D reqmres a senes of hydroxylatmns The ﬁrst :

of the.se takes place primarily in the liver, although some hydroxylahon may ¢ curin

' o_thar-nssues e.g. lun-_g, k:tdney and intestine (Ichﬂcawa et-al., 1983). Vitamin D is

hydroxylated at the C-25 position to 2S—hydroxyvitamjn D (25(0}1)1))' (Blunt et al.,

1968) by the 25-hydroxylase enzyme. This enzyme is located in the m1c1'080ma1 and :

nutochondnal fractlons of hepatocytes (Ponchon and DeLuca, 1969') The heputu, 25-.

_' hydroxyiase enzyme, a cytochmme P-450 requues NADFH for its action. The reacﬁdn
is inhibited by the absence of oxygcn and the presence of carbon monmude The 25-

“hydroxyl oxygen atom is denv.ed from molecular oxygen (Fras_er, 1980).

: 25-hydroxyv1tamm Dij is the major clrculatmg vitamin D- metabohte in blood. It has a

relatively long half life of about 5 days in humans. In physiological concentrations |

25(0H)D is b1010g1cally mactwe Its metabohc pathwa»* =re unclear but mgmﬁcant

amounts are excrewd in bile (Arnaud et al., 1-964) Ao and DeLuca (1969)

showed that in rats [’H]-wtanun D3 was taken up by tne hver within 30 mmutes of

ad1mm5tratlon and that there was a dra.matlc increase in plasma [’I—l]—ZS(OI—I)Ds over

the next 2 hours (Ponchon and DeLuca, 1969).
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Although there is no e\rldemcc that the hydroxylanon of vitamin D 1s controfled by
- serum levels of 25 (GH)D hydroxylation of vxtamm D may be controlled by the serum
 concentration of 1,25(OH),D (Rewhel etal., 1987). Bell et al. (1984), showed that the
mgestmn of large amounts of wtamm D, mcreased thc concentratlon of 25 (OH)DS but |
when 1 ?.S(OH);!D3 and v1tam1n I); was admlmstered together, there was no. mcrease”
” ".m_ZS(OH)Dg com_:entrguon,. Serum calcium both dl_rectly and md:rectly may also

‘regulate various steps in vitamin D mefabolism.

Clements et al, (1987) demonstrated areduction in the half hfe of: 25(OH)D m rats on "
4 calcnum daﬁc:lent d1et Funhermorc, addluon of 1 25(0H)2D to caIcmm replete rats'

| produced a smular reductlon in 25(OH)D halfhfe These stuches suggest that. : )
_1 25(0sz Ieads to an mcrme in hepatlc catabohsm of 25(0H)D and a fali in

N mmulamgzs(omn
' 1.5.2 Hydroxylation of 25(OH)D in the kidn

Further hydroxylation of 25(OE)D; takes place’ primarily in :fhe Kidney, Two

o metabélizing enzymes, gither ZS(OH)D-la-hydroxylase or 2'5.(0H)D-24R-Y. _;oxylase
are mvolved (Kawashlma and Kurokawa, 1983) The actwmes of both enzymes are
.very tlghtly contro]led by ionic and hormonal balance. Therc isa reclprocal change in

| the actlvmes of the two enzymes, Durlng hypocalcaenua, hypophosphataenua and low
vitamin D status, ZS(OH)D-?A-hydroxylase is completely absent (Fraser, 1980) and_'_
after 1,25(0H)2D3 adnnmstration, the 24-hydroxyla.se activity mcr;t_*.asas (Kawashima

and Kurokawa, 1983).
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Both hydroxylaﬁng enzymes require the presence of oxygen for their activity. Oxygen

is mcorpora.tcd at either the CI or C24 positioh on tl'ie ﬂex:ustercid molacuie B‘btﬁ"

enzymes are cytochmme P-450-dependent mono-oxygenases These cnzymes have
_ mmﬂar biochernical properues to typical steroid hydroxylases, present in adrenal

glands testes and ovanes (I-Iemczl,.r and Norman 1984)

: Thézac.tiv'ity of the 'la—hydroxylése is Yocalized to the proximal ﬁonvblﬁted and préximal N
| straxght tubules. Parathyroid hormone (PTH) stimulates adenylate cyclase and increases. - |
. 1a~hydroxylase activity specifically in the proximal convoluted tubules, whlle calmtonm
- is rcsponsxble for its actlvatzon in the strmght tubules (Zehkovm and Chesney, 1989) .
The mechamsws by whlch alteratlons in serum morgamc phosphorus concentration B
| control the la—hydmxylase enzyme are unclear Although hypocalcaerma sumulates loz« _ |
- -. hydroxylase ax:tmty mrough its sumulatmn of P’I‘H secretmn, there is ewdence that

- alterations in serum calcium concetitrations directly effect the actmty of the la- _

hydroxylase e‘nzyme.

- The maj.or metabolite formed from 25(OH)D, while in a normo-to hypercalcaemic state

is 24,.25(0th3- (DeLuea, 1984). The functions -of this metabolite are not known,

alth ')ugh it is thought to be inactive in adult man (Bo' 'le et al 1973; Lam et al,, 1973*
Holick, 1984). Producuon of 24,25(0H),D, appears to he a mechamsrn of regulatlng
1,25(0]§I_)2D3 and its produc_tmn iz stimulated by an increase in the serum ooncentrath_l
of 1,_25(013)21:)3. The kidney is the main site of 24,25(0H),D, synthesis but it may alse
be'produced in intestine, keratinocytes, -caIﬁlage and boue cell culfures (Knutson and
DeLuca, 1974; Kumar et al., 1978). | |
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The metabolite, 1,25-dihydroxyvitamin D, is the active form of vitamin D regulating

- many b1ologlca1 actmtles mcludmg gastro mtestmal tract (G.LT.) absn:trptmn of

calmum, phosphate and magnemum, as weil as the renal reabsorptlon of these mmerals

 Serum Ievels of 1,25(OH),D; ace tightly regulated. Production of '1,25(0H),D, is

oontrolled pris ,...rily by the calcium requxrements of the mdmdual The pnnclpal
regu]ators of 1,25(0H),D; p oduction are PTH, 1,25(0H),D, itself, and serum calcium

and phosphorus qonccntrations' (Fraser, 1980; Henry and Norman, 1984; _Clemehts, '

- 1987). -

 Parathyroid hormone (PTH) has both a direct and indirect effect on lo-hydroxylase

activity (Kronenberg, 199'0); In its own right, P:if promotes tubular calcium
reabsmptmn (Norman and Litwack, 1987) and the excretion of phosphate which leads

to changes in the serum cmcentratmns of these miterals, Furthermore PTH promotes

mineral mobﬂlzatlon from bone increasing serum calc1um concentrations, Changes in

serum mmera.l oonwntraﬁon m tum may lead to an alteration in 125(0H),D3
production, Besides stimulating la-hydroxylase activity, PTH inhibits 24-hydroxylase

activity.

‘Serum calcium both directly and indirectly regulates la-hydroxylass activity. Indirect

regulation occurs in résponse to hypocalcaemia stimulating PTH release which in turn

promotes 1,25(01—1)212)3 synthesis (Carrsater, 1989), There is also evidence fh_at '
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1 25(01-1);]3 synthesis might be dn'cctly stxmulabed by the effect of low semm calc1um _

cencentt:ates on the renal tubular cells,

Dietary phosphate intake modulates 1,25(0H),Dj renal production (Tanaka and DeLuca, -

1973). Hypophosph.ateenﬁa dir‘ecﬂy increases ZS(OH)D,-la-hydroxylase activity by

'PTH independent mechamsms Low phcsphorus ccncentrauons iricrease the prcductmn i

of 1 25(0H)2D3 and not the clearance of 1,25(0H),D;, thereby increasing the absolute
amounts of the circulating 1 25(0H)2D3 (Portaie et al., 1984 Pettifor, 1990) Thus a
declme in serum phosphate concentrahcn produces the same effect as an increase in
- PTH, although the magnltude of the phosphate relatcd effect § is not a._s great (Nonna_n
and LitWack' 1987). increaseS' in_ serum phosphate oppose' the actions of P’I’H

Phosphate increases 24 hydroxylase actwity and decreases that of loe-hydroxylase

I—Iyperphcsphataenua, through its action on la-hydroxylase decreascs the amount of

1,25(0H),D; being: prcduced and thus the abscrptlon of intestinal phosphate resul!mg-

m a decrease in semm levels of phosphate

1,25(0H),D; itself, is another moduiator of vitamin D metabolism. 1t decreases lo-

hydrqi:y]asc -activity and 'p:omcbes_ 24-hydroxylase activity, These actions of

1,25(CH),D, appear to result from changes in etzyme biosynthesis rather than allosteric

. end product inhibition (Norman and Litwack, 1987).
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Other horﬁmnes e.g.-oestrogen (Tanaka et al., 1976), prolactin (Zaofkova etal,, 1991),
-'_insulin-(Kado'wacl_ct and Norman, 1984), growth hbrﬁlbne, and. somafbmedins. (Dusso

ot al., 1988) stimulate 1a-hydroxylase, while mg metals inhibit la?hydroxylase |

| '_ - activity but it is m_ﬂikély that these are lmportant regulators (Halloran et ai.,_ 1986). |

17 Actons of LIS(OMD,
" Over the Jagt ten years, 1,25(QH),D; has emerged as one of the most importaht

regulators of cellular ﬁincﬁons_ related to the maintenance of mineral homeostasis

{Nomian,' 1990' TSOukas etal. 1984), the differenﬁation of hematopoietié and il'nmune_

oells (Manoglesdorf et al., 1984; Relchel et al., 1987) and the modulauon of DNA

| -replwatmn and cell dlfferenhatlon and prohferatlon (Haussler et al., 1988).

The steroid hormdne; 1,2_5(0H),D3, is generaily considered to exert its major effects '

by mechanisms that paraliel classical sex steroid hormones. These mechanisms typically

~ involve the binding of the Hormone to specific intracellular receptors. The vitamin D
* receptor (a 48KD protein) has a ubiquitous distribution, found in all vertebrate phylia

and in many invenebmtes (Bidmon and Stump, 1991). Al tissues stuied o date in

mammals possess th:s recepwr (Stumpf et al., 1979 B:dmon and Stumpf 1991 ;

' _Mmgheth and Horman, 1988). The consequent mtera.ctmn of the hnrmone recepwr
o complex W1th the nucle.us thus promctes the expres.mn by protsm synthems of sPeciﬁc_

target genes (Haug,ler et al., 1988 Mmghetu and Norman, 1988)

T
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Génomic actions ai'e primarily involved in the classical functions of vitatﬁ_in Dand
involve the formation of specific proteins fﬁﬁmﬁng the desired actibn e.g. calcium_
binding prutems) (Nemere et al 1086) In the nucleus 1 25(01:[)2133 mcreases
_chromaun template activity and DNA dependent RNA polymerase I actmty whxch
increases the synthesw of messenge RNA for example, for calclum binding pmtem

(CHBP)

-V1tamm D may also exert its actlons through non~g(.norruc meass (Nemere et al

-1986) Non-genomlc actmns are more rapid (as they do not mvo]ve protem syntheszs) |

~and are 1mphcate_d in signal transducuon, cell m_gna‘llmg and cell buftering (Re:qhel et
oL, 1987). o . .

1.8 Vitamin D metaboli

In all vertebrates studied to date, and also in some invertebrates, vitamin D and/or its
metabohtes are present in one form or another (Hay and Watson, 1976 a and b; Horst _
et al., 1988 Henry and Norman, 1984; Kobayashi et al., 1991)

Tn most mammals 25(CH)D; is the principal circrlating form and 1;25(01—1)43; the most
- active metabolite. The tatio of vitamin D,/D, metabolites reflects thi habitat and diet

of animals as well as thé__rate of metaholism. of the two vitamin D analogues.

" The vitamin D status of a wide spectrum of animals has. been examined and

" manipulated. In a comprehensive study undertaken by Hor.ét_ et al. (1981) vitamir D and
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its major metabolites were qﬁanﬁtatively measured it five species of dowmestic animals, -

These results are shown in Table 1, A number of differences were found in the vitamin

D status of these five farm animals, All five species had detectable levels of vitamin

D; and its more polar metabolites, Only sheep had detectable levels of vitamin D,

élthough all other sp'eéies had the more polar.metabolite,. 25 (OE)D;, present albeit in_'

_xﬁuc;h lower concentrations than in sheep. The higher Jevels of vitamin D; in sheep N

‘might reflect the higher intake of D, due to the ingestion of large amounts of UV-~

icradiated grass and the relative absence of vitamin Dy formation in the skin due to the

' presence of a thick coating of wool.

. Most animals (Horst et al., 1981; Hay and Watson, 1977) discriminate against vitamin

D, in favour of v1tamm D.. The rat is however, the eXéeption- to the rule in that it ”

- prefefeﬁtially tses vitamin D,, It appears that this discrimination reflects differential

‘metabolism of vitamin D.In both plgs and chicks the discrimination is quantitatively

similar, however in the pig the discriﬂlinatiqn- is at the 25-hydrozylase level, whereas

that of the chick oconrs before 25(CH)D production (Horst et al., 1981).

The most frequently used 'expeﬂmental anional in vitamin D research is the chick, Its

 diet can be controlled as soon as the chick has hatched, thus ‘making it-easy to deplete

this bird of its vitamin 1D reserves within a few weeks. Hughes et al. (1977) showed

that the plasma concentrations of 25(CEDD, in chicks decreased from 14.1 ng/mi at day

1 to undetectable levels within 3 weeks if the chicks were maintained on a vitamin D

deficient diet. Their levels of 25(OH)D could be maintained at between 21-35 ng/ml

~and those of 1,25(0H),D, between 51-75 pg/ml if a supplement of 1.4 IU/g of diet was




Table 1

I

Vitamin D, and D; and their metabohtes in five Spemes nf ammals

(from I-Iorst et al., 1981)

SPECIES

| turkey

 sheep

| pig .

| vit Dy*®
(ng/ml)

nd

| nd

od

0.52+0.35 -

n_d:

| vitD,
(ng/ml)

3.420.2

23+0.3

1.740.7

0.6:£0.6

10.21+4.1

25(0H)D,
(ng/ml)

1 0.8407

- 1.641.5

5.8:4+1.7

| 13.943.7

0.84+0.3

25(0MD,
(mg/ml)

182479

75.343.9

36.9£7.1

12.945.3

| 74.9421.2

{ng/ml) :

24 25(0H)2D

m:f-_

nd

0.740:2

nd

1 24,250m,D,
(ag/m)

1.24:0.1

2.3+0.2

2.6+1.3

20.24103 |

25 26(0}1)2132**
(ng/mi) _

Ind'

nd

nd

05402

nd.

25,26(0H),D;
(ng/ml)

0.6:04 -

1.140.2

2.5+1.0

| 1.0£03 | 4.

| 250Dy
26,23-lactone -
(g/m)

od

15405

nd

nd

__(Pg/rm)

51,8+31.3

202421

38.0410.4

35.9+30.0

60.3+£7.2

*  nd (not detectable) = <02 ngfml

ke nd
Sk nd

< 0.2 ng/ml..
< 0.1 ng/ml,




o given. With a 50 fold increase in dietary supplementation, the levels of ?,5(!:)1-1)D3 '
increased to 87-100 ng/ml while the 1,25(0H),D, remained at similar concentrations
to that obtained with a 1.4 TU/g supplement. Similarly, in rats 25(OH)D, concentration

increased with supraphysiological vitamin D supﬁlementation, but 1,2_5‘(OH)2D3 levels

fell significantly as vitamiin D supplemehtaﬁon increased from 2 to 1000 TU/g diet.
Similar results have been shown in mole rats (C:yptonws damarensis) (Buffe.nstem et

al., 1991).

\ The hooded seal 2 mammal which ingests large amounts of fish, showed no ewdence :
 of wmmm D toxlc1ty despite the high vitamin D intake in 1ts dlet (Kewer et al., 1988).
In studies using radm—:_sotop_es, the uptake of .[’H]-wt_annn D; resulted in an increase in
[PH}-25(0H)D, and fm-m,_zstoﬁ)-,n, concentrations with 10 'deigcmme increase in
[sH]_;'l,zs(bH_)zbs. The plasma level of the 1,25(OH),Ds in the seal was maintained at
a mmnar level to those of ‘other mammals and -'showed no increase eveﬁ after vita.min _
D supplementation. The levelq of 24,25(0H),D, in both wild and suﬁplemented seals
| _w'erei similar, I_Jut higher -(4—33 ﬁg/ml).tﬁan those rcported in other MS, and the
metabohsm of ZS(OH)Dg to 24 25(0H)2D3 was increased, The mcrease 1n v:itamm D
_ storage by seals in thetr iarge amounts of blubber seemed to protect thesa anundls

against vitamin D toxicity,

- In most vertebrates studied to date, 25-OHD is the major circulating metabolite of

‘itamin D and is detectable using radid-réc':eptor assays (Table 1) (Norman et al.,
1982) However reoent studles of fish, horses and mols tats have documented that this - L s

J | _ generaluatlon does not alwa)rs hold true (Takeuchl et al 1991; Kobayasm et al 1991; o
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Buffenstem et al., 1991) In these spames, serum concentrauons of 25(0H)D are
| undetectable yet - 1 25(0H)2D3 is present. Further stud1es using telccosts and
| carh]agenous fish reveal an absence of DBP and suggest that the active -metabohte bmds
to other hpoprotems (Takeuclu etal., 1991 Kobayashi et al., 1991). The 1owe1‘ affinity

' bmdmg to 11p0protems rmght mammm ralatwely high. free metabohte concentrations,

._ Sblﬁe invertebrates are also ahie to metabolise wtarmn D,. Fof.instance .the land snaJ.l
~ is able to metabolise [H]-vitamin D, to more polar metabolites (Weiner et al., 1979)
| More_ recently [FH)-25 (OH)Da was shown to undergo metabﬁ]jSm to an eve¢ more polar |
._ metab_qlite in. these Iani.malé; .tlu_a fﬁﬁcﬁmal unportance 6f this metabolité is as. yet-

unknown,

T‘\e mole-rat wluch lwes in a vm\mm D free envuonment on a herbworous diet,
| appears to be naturally deficient in vitamin D yet metabolmcs vitamin D, to 25(0H)D; o
and the more polar metabolite, 1,25_(01-1);1)3 (Buffenstein et al., 1991). _Thls wnusual
| mammal__exhibits measurable levels of 1,25(01-1)21) (16.1 1.9_3' pg/ml) in association
vﬁth undetectable levels of 25(OH)D3 (< 4 ng/mi). Both mole'rats and horses, ha\}e
| 'mmlax paiterns of vxtamm D metabolites (1o 25(OH)D yet detectable but low.
1 25(0H)2D,) and are thought to employ vitamin D mdependent modes of

| gast;omtcs_unal mineral aksorption.

Fruit bats (Rousestus aegyptiacus) are also thought to have no access to any obvious

| source. of vitamin D for these animals are nocturnal, flying frugivores. Therefore this
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fascinating mammal‘s v1tazmn D status and metabohsm in both the abscnce Of D, and |

with 1)3 supplementatlon was mvestlgated
1.9 Eruit bat biolog:

'I'he Egyphan fruit bat (Rousettus aegypuacus), @ Geoffroy, 1810), denved its name

aﬂerfirstbemgdesmbedfromaspeclmmsecnatﬂaepymnudsofGammEgypt

' '(Snuthers, 1983) Thls Latds the seoond Iargest bat found in Afnca and is gregarious,
: hvmg m colomes of thousands in caves where. it roosts during the day At mght it feeds -
_on fl'l.llt

| These animmals are Mdely dlstnbuted through Afnca (Fignre 2) from the southem Cape
Province up tlmough the Transvaal of bouth Afnca, along the easter border up to Egypt |

"~ and transversally across the central part of the continent (Smltl'ters, 1983), The fruit bat .

is aiso found in parts of Pakistan and snme Arab oounmes

The adult animal has a ‘mean weight of about 130 g, an appmximate length of 15 em

and full fhght wmg span m the region of 60 cm. There is little sexual dlmorphlsm, with

both sexes having sxm:llar mass, size and colour Sk:m colour can vary from dark brown
toa light 'gr;ey on their underbodles._ Their eyes and. cars are rather large for the body

size and the face haz an almost doglike appearance (Figure 3).
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The female bat usoally produces- only one young after the mating season which ocours

. ineatly spring (Fune-September). During this tihm the males {end to group on theirown -
~ and the female and young bats areseparate, almost in _a_nutSex_'y_ fashion, The gestatioh '
period is about  106 days. At birth the young have closed eyes and flat ears, but within -

10 duys the eyes open and the ears lift up. The young are suckled fof.approirimately_

six weeks 'dlirhig which timé' the mothers areoﬂen seen ﬂying with the pup attached

to her 'underb'e]ly..’-me yﬁung bats will begin fo fly at an age of between nine toten.

The fruit bat has a well established 'sense. of smell, which is importanf in its nightly'
 search for food The large Well developed eyes are more useful when look:mg for fruit
at close range Tms parhcular bat is the only one whmh has an echolocauon system,.
'_ thus allowmg it free movement in total (‘arkness Tl:us system is tota]ly different to that
- used by other bat S_pecles (Smithers, 1983). These animals are agile fast flyers and are

able to ﬁégotiate narrow openings between the branches of trees with éonipléte ease.

“The fruit bat circles a suitable true Which has fruit on it from which it can feed and

then settles on the branches' I wi]l- either use one of its fect to bring the fruit to 1ts '

.mOLth, while hangmg with the other or eise will hang onto a branch w1th both its

thumb claws and hold the fruit against the chest with both feet, Wild ﬁgs are by far thc
- most a_ppealmg fruit to tha bat, As the fruit begms to ripen, squabbles often occur as
| gmﬁps of bats feed in the same tree. The skins and soeds from the fruit ave discarded
and only the soft inner pulp i is eaten. This pulp is not exposed to ultravwlet 1rrad1at10n

and is thus thought not to contam wtamm D, ot \ntam:m D;in substannal qua.ntmes
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* The fruit bat (Rousettus cegyptiacus).
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In Southern Aftica figs (Ficus capensis, Ficus petensii and Ficus sansibarica) form the
-~ basis of their diet. These animals also eat the fruit off the Cape ash tree (Kebergia
capensis), Saffronwood (Cas&ine crocea), Bushmans poison (Acokamhem Oppo.éin:)‘blia)

and Mistletoe (Viscum ob.ﬁcamm); soft garden and orchard fruits (e.g, pawpaw and

bananas) are a_laq'em.; Bgyptian fruit bats have cheek poicnes in which food can be

| 'tetnp.orarily stored and corisumed later at their 100st.

Grooming is done once feeding has been compieted. The hair on the chest of the
.animals becores matted with fruit juices and the bat uses the claws o its feet te comb

out the hairs (S'mithers_; 1983), while ti:s toes are cleaned thereafier in the mouth,

.~ Being nocturnal and frugivoi‘ous; bats bave no obvious access to vitamin D. Free living . |

bats appear to suffer no ill effects attributed to vitanin Dy deficiency, for they thrive .

in their chosen habitats,

‘A number of 'captive._ fruit bats used in vitamin By, research, presented with signs of

clinical vitamin D deficiency i.e. broken wing bones. We were therefore 'asked to
investigate whether the éni_mals had cvidendg_of vitamin D deficiency. In initial blood
samples which were analysed, 25(OH)D could not be detect 1 (< 4 ng/ml); The
subsequent measurement of 1,25(0H),D in bat serum samples indicated that this
'me,tabolite was present, and the whole quesﬁon as to the vitamin D .status, métabdlism
“and _u'ahsport"in this fruit eaﬁﬁg nbcturnal'm.aﬁnmal, Rou#erm aegyptiacus was

investigated further,

o




CHAPTER 2

The care and housing of fruit bats
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2.1 Introduction -

As the fruit bat, Rousetzus aegypiiacus, hias no apparant source of vitamih D, a number.
o of experiments were designed to investigate the fruit bat’s vitamin D status and to'
assess whether or not this ammal has the abﬂlty fo metabohse and tansport vitamin D.

In this regard, five major expenments were undertaken

1. "The measurement of mfculatmg wﬁamﬁ n me&abohtes
2, An assessment of the m v1vo ‘conversion of mtamm D to 25(0H)D and
following that the metabohsm of 25 (OH)D to the active hormone 1,25 (OH)ZD _
3. An m vitro study to detarmme the presenoe of the 25 hydroxywtamm D
| or-hydroxylase em:yme in the kldney |
4 | An mvestxgatlon fo determme whether or not the fnut bat has a speclﬁc v1tam1nl
D binding prqtem (DBP) fpr the transportatlon of vitamin D and 1ts_metabo]1tes
in blood, N o
5. - An investigation into whether vitamin D, or D; is the major form of vitamin D |

in bats in the wild.
2.9 Methods
3,21 Housing and the care of experimental animals

A total of 81 bats were used for the various studies. The hats were divided into three

groups:-




o

L. vitamin D supplemeﬁted animals (1=33),
2. animals fed on a v1tam1n D deﬁclent diet (n 38)
3. wﬂd ammals stud1ed 1mmedlately after capture (n—10) '
= Table 2: The number of bats used in the various experiments
. wid 10  vitamin D metabolites
(9 ) _ o
o 22 ' vitamin D metabolites -
PH]-vitamin D, in vive
Fruit bats vitamifi D~ [H]-25(OH)Dy in vivo
(n=38) _
81 —— kidneys -
' S _ tamm D metabohtes
vitamin D+ | '
26 punﬁcatlon of DBP

(=3

2201 Captive animals

Captive fruit bats were cared for in the animal unit of the South African Institute for

Medical Research ($.A.LM.R.) Johannesburg, South Africa,

~ They were housed in a large room in which the windows had been completely

blackened out. The sole source of light was a single incandescent light bulb which was

switched on only while the animal unit staf entered the room for cleaning and feeding

. purposes..
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The fruit baus dlet in captivity usually oonmsted of washed or peeled fl’lllt sucn as

'bananas, papaya (pawPaw) and apples Oocasnonally unpeeled washed oranges werealso

: fed to the animals. Hach bat was ailocated 150g of fruit per day and this was either |

mcreased or decreased accordmg to their appente The food allocated per bat was more

' than suffic1ent to meet the ammals nutnuonal requu'ements A fa'mnnte fnut of these

- ammals is wﬂd ﬁgs whmh when avmlable were mcluded in theu* dlet. ’I‘he frult was

plaoed into the animals’ enclosure dmly in the eaﬂy aftemoon

The water intake of the frl.ut bat is nummal w1th the ma_]or source- of water being from _

their mtake of fruit. A sha!low watet trough was supphed at aIl times in the room even |

'thou_gl_l it was not always used by the animals.

Bats maintained on bo_th the vitamin D replete and deficient diets were injet:ted.with a_'

vitamin By, supplement (0.5 mg cyanocobalamin/100g body weight) every 14 days, to
prevent vitamin B, deficiency resulting from a peeled fruit diet (van der Westhuizen

. al., 1982)..
2.2.1.1.1  Vitamin D depleted b
~ The bats required for the vitamin D deplete experiments were maintained in a dark

room and fed on a vitamin D deficient diet described above for a minimum of one year

prior to being used in the experiments.




e G e e =-'—:-':-'--' .

- 33 -

. The vitamiin D deﬁcient'gn'bup were dwlded iﬁ_tb- fbur subgi'oup's: |

1;_ | ammals whose blood was collected to measure wtamm D membchnes (n-22),

m N

bats used in the in vivo [’H]—vuamm D, study {n—-S),
- bats used-in the in vivo Fﬂ]-zs(omb, study (a=9); and
. bats whose ]gdueys Were usecl m the in vitro 1 hydrmﬂase study (’Ihble 2) '

@=2).

'I‘he bats requlred for the vitamin D re] ,blete studles were q'*“m"e.rrnanted ora]ly w1th a
oommercmlly avallable paedxatnc multmtamm syrup, A : (Parka—Daws), whwh
: contamed 100 IthammD 0.25 mg tluamm 0 1mg x;boﬂawn, 0 12 mg v1tamm B6,

0._.4 mg vitamin A, 0,12 mg niacin and 12.5 mg ascorbic acid per 150_p.£ .

~ The animals in the vitamin D sunplemented group (n=33) were sub-divided into two

- further subgrqupﬁ:

1.  to measure circulating vitamin D metabn]itesl (n=7);

2. to purify the vitamin D binding protein (n=26).




| 2.2.2 Wild caught bats

The wild bais used in the smdy-were- caught t‘m the farm "Hai'fned- Heights" at

Matlapxtm in the Lebowa area, in the North Eastern region of the Transvaal ‘Nets were
| placed across the entrance of the roosting cave and the animals were caught on their

| ~ Teturn to the cave just before suunse Wild bats (n= 10) were bled from the wing vel_n -

within 6 hours of their capture to determine vitamin D metabolite levels under natural

_ environmental conditions.

. The we1ghts of vitamin D deﬁment and vltamm D deplete capnve fruit bats used in this
~ study were similar CI‘able 3, page 61) (v1tamm D supplemented hats, 121.7g + 14 1

{0=17); vitamin D de_ﬁcle.nt bats, 118._93_ * 16.9 (n=7)). _Newly caught w11_.t_:l hat;_ had

" a greater average weight, i35.6g * 8.1 (n=10) (Table 3). |
2.2.3 Collection of blood samples

Bliood samples were ob_ilected_from the wing vein of animals, by holding the bats down

unanaesthetised and spreading the wing. A maximum of ! ml of biood was coliected

 into a heparinized syringe using a fine gauge needle (no. 25). Cardiac exsangtlination _'

| was used to'ldll the animals, where necessary. As much blood as possibla (£ 6mi) was

collected. The blood samples were kept on ice and spun as so_on'_as prisiblé at 3 000

rpm in a Beckman TJ6R for 15 minutes. Plasma was separated from the red blood cells

and transferred into 2 microfuge storage tube. If the samples were not used immediately
they were atored at -20°C until required,
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Serum calcium, inofganic phosphorus, magnesium and alkaline phosphatase

concentrations were measured by Mr G. Moodley in the MRC pﬁﬁeral'memboﬁsm |
Research Urit, Baragwanath Hospital, Johannesburg. _The_meashr_emen: of calcium and

) magnesiim wgr'e .psr_fonn'ed by atomic absorptmn spectrophotometry on a Vanan
- - Teéhtron' 1_200'_-, after dﬂuﬁng the samples m a lantﬁanﬁm chloride solution (1 %IA)

| Inorgaruc phmphorus. ooﬁcgntratiox_is were ai_ssayed following the -coiorimetric methods :
described by Hurst (1967) and Kraml .(1966') and commercially available from
Technicon (Timepac Inorganic Phosphorus Reagent - Technicon No T40-0012). Plasma-
 alkaline phosphatase was assﬁyed' colorimetrically following _t_h_e_-. 'me_thod-._ of
Morgehsﬁem, etal. (1965) andcommetcially available from Techmcon (No T40f0009)'..

A Technicon Auto Analyser was used for these rrieasurements.




Serum concentratious of vitamin D metabolites in the frujt bat
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As setum samples are not suitable for the direct assessment of the vitamin D

metabolites due to the interference of various metabolites in serum, a reliable extraction

- and -chromatogjraphic pmcedure wa§ necessary prior to their measurement by
~ competitive protein .bindi_xig ‘assays. The methods used were modified from those of

Haddad and Chyu (1971) and Reinhardt et al. (1982 and 1984).

 The techniques described in section 3.1.1.1to section 3.1.1.3 were used to purify and
- measure the circulating concenitrations of 25(CH)D and 1',_25(0H)2D 1n serum samples

collected from fruit bats.

In order to assess recbvery of vitamin D metabolites during the extraction procedure, -
1000 cpm of PHI-25(OH)D; (3 pe, 160 Cifmmol, Amersham) in 20 il of ethanol and
1000 epm of [H1-1,25(OH)D; (2.5 f, 170 Ci/mmal) in20 l ethanol were added to

a 500 pl aliquot of serum pipetted into a glass tube. The mikture_- was vortexed and . |

‘allowed to stand at Toom temperature for 10 minutes.
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The extraction and chromatography techniques fuséd were those of TumbuII et al,
- {1982). Al the solvents were eﬁher HPLC grade or redistilled prior to being used.

Serum protems were precipitated by the addmon of aoetomtnle (1 ral) (Riedel-de Haen,

Holpro, South Afnca), followed by vigorous vorl:exmg of the tube 'I‘hls was then

centrifuged in a Bec]nnan TJ6R benchtop centnfuge at 3000 rpm fur 10 mmutes to

o pellet the precipitated protems The supernatant wh1ch oontamed the extrached 11p1ds'

plus the vitamin D metabohtes was transferrcd to & tube containing 500 al 0.4M

KZHI’Q, (pH 10.4) and vortexed The mlxture was loaded onto a CIS Sep-pak oolumn o
(Waters, USA) which had been prewashed with 5 ml of each of the fo]]owmg_ soivents: _.

. hexane (Holpro), chldroform, methanol and finally distilled water. After loading the

mlxture onto the column it was washed in the fo]lowmg, vequencc w1th 5 nil water, 3

‘ml methanol water o 3) and 3 ml auetomtlﬂe, the Iatter fractlon contammg the eluted |

~ vitamin D metabolites was co]lected ina separate tube The acetonitrile was evaporated o

off under a steady stream of mtrogen in a waterbath at 37°C,- and thamﬂde of the tube

‘was washed'down three ﬁmés with approximately 0.25 mi hexane 50 a3 to concentrate

all the vitamin D metabolites to the bottom of the tube, and the cohtdnits-evaﬁofated to

dryness,

~ The vitamin D metabolites were redlssolved in 0.25 ml 4% mopmpanol in hexane and

applxed to a ulllca gel Sep-pak caxtudge (Waters USA), wh1ch had been prewashed
- sequentially with 5 ml of each of ﬂle following solvents: meth_anol, chlorqform, hexane
and 4% isopropanol in hexane. The sample tubé was washed twice with 0.25 ml %
isoprqpanol in héxane and each wash applied to fhe column, The 25(0OH)D fraction,

- which cluted off the column with 10 ml 4% isopropanol in hexane -(Figure 4) was

i

a

b
[
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~‘The Silica Sep-pak cartridge wee used fo separate the vitamin +* metabciites prior to
then‘ measurement in *ﬂdmdual reoepim binding assays. 25 (OI-I)D eluted in: fracnons

2-'7 and 1,25 (OHhD eluted in fractlons 20—26



4% Isopropanol/  15% lsopropanol/

hexane - hexane

25(0H)D;  °H125(0H)Ds

4 'e g 18 2022242628'

| Fractlons (ml)
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. -uhmrated o dryness and concentraled down under nitrogen in a waterhath Tlus |

25(0H)D fraction was then stored in 0.5 ml hexane at ~20°C until reqmred for wsein

'the binding assay.

~ The Sep-pak cérl:ridge‘ was then washed with 8 ml 6% isopropanol in hexane which
_eluted the 24 ,25(0H),D fraction whmh was dlscarded Fmally the cattndge was washed

with 10 ml 15% Jsopropanol in hexane whlch eluted 1 25(0H)2D (Flgure 4), ThIS

. fraction was -p]aced in a waterbath at 3’? °C and the-solvent' evaporated oﬁ under
- nitrogen, Fmally the metabolite was ooncentratﬁd as described above and sbored in 250 .

4l hexane at -20°C unti required. The two fmcuons 35(0H)D and 1 25(CH),D were |

now ready to be quanntauvely assayed.

The recovery of 25(0H)D and- 1 ,25(0H),D durmg the extraction and chromatographlc |

steps were assessed usmg authentlc (cold) and radmlabe]led v1tarmn D metabohtes as

' markers. As described above, known amounts of Em.—zs_(omna and [311]-1,25(0}1)21)3
- were added to normal seruni samples, the sera were extractéd as described above and

an aliquot of the acétdnitrile superniatant assessed for tritium. In -separate experiments

authentlc 25(01{)133 and 1,25(0H),D, were added to serum samples in phymologlcal |

_concentrations, the TeCOVErY of added metabohtes were measured by the appropnate

recepnor bmdmg assay after extracﬁon and chromatography
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. concentyations

The 25(0H)D receptor was prepared and used as desonbed by Haddad and Chyu

Q971). Adult Sprague Dawley rats used for the lﬂdney receptor preparatlon were .

_ sacnﬁced by cemcal dlslocatlen S

| I'I"he kidneys were removed _irﬁmediately, 'end were deeapsolafed_ and stored Qhoie af -
20°C pnor to use. Kidneys (10-15g) were 'thawed; minced and homo'genized_'in a |

' ?olyfron in 40 m! ice cold OOSM scdium phosphate buffer (pH 7.4), '(NezI-IPO,,,
~ 0.05M/L and NaH,PO,, o.osme_hich were mixed in a ratio of 4 parts to 1 part) and

- centrifuged at 3 000 tpm for 10 minutes at 4°C. The supemnatant was decanted and

. kept, whﬂe the pe}let was resuspended in another 40 ml sodium phosphate buffur and_ N
| | -centnfuged as above. The two supematam were eombmed and buffer added to a final
weight (ongmal kidney tlssue) volume ratio of 1: 10 This mixture was centnfuged at
4°C for 90 minutes at _18 000 rpm (H_A-ZO.-I rotor; J2-21 Beckman ultracentrifuge).
The supernatant was carefully poured through gauze to filter out any 1ipid .and then |
iophied. _ ) _ _

A stock solutlon of 25(0ng (Upjohn) at a concentration of approxnnately 1 mg!ml
of ethano] which was stored at ~20°C for up {0 3 years was dﬂuted 1/100 W1th ethanol
10 an appro:umate concentration of 10 pg/ml. The _cencentmuon and purity of this
solution was as'seeeed before use by scanmng on a Pye Unice_m : 1800 dual beam '

spectrophotometer (Pye Unicam Limited, Cambridge, England), an example of sucha




A typical UV séan of authentic 25(OH)D; using dual bcamspectrophotometry aver the
 wavelength range 300-220nm. Maximum absorbance occurs at 264nm coupled to

misimum absorbance at 228'1im. _-




- 220 - |
23;14
'_.2.4'oé-—. -
.25(.)'....
269 4

o } < 264nm

“Vayatengih (nm)

'290_'; o

300 A

. N .. oov8 . 0224 . 0347 = 042
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scan.is_ shown in .Pigu.rc.S. _The purity of the 25((__')1{)1:»3 was checked by detenﬁixﬁ_ﬁg the |
| absorbance ratio at 265 nm/228 nm, which s.h'ould.be 1.8. The édhcenﬁ#ﬁdn- was
Calgulated using the known molar extinction coefficient of 18 500 (DeLuda, 1984}.‘
From thls solution of known concéntration. two ﬁrqudng' solutions in ethanol were |
p_rephxed, _thé first:'-at .a_t:o:icéntmtién of iO_pg/SO-,ul was s_aria]ly dJluiaed for use as = .
" standards and the second at _2_50 ng/50 ul was. use:_i:as a nor_x-speciﬁc binding standard,

Ethanol was used as the blank which was included in the curve,

" The receptor binding assay was performed in an ice bath at 4°C, By diluting the 10
ng/50 sl solution, nine 25(0H)D; standards in the concentration range 0-3 ng/50

were obtained. Two 50 pl aliquots of ee.ch standard were pipetted into poiypmpylene B

. test tubes (12 X 75 mm, Elkay) In addltlon duphcate ahquots (50 p;l) of the non-

spemﬁc bmdmg standard were mcluded

.’I‘he 25{0H)D fraction (prepared as described in section 3.1.1.1) (obtained from 500
- plof sérum) to be assayed was evaporated to dryness and redissolved in 500 pl etnandi.
A 300 41 aliquot was pipetted directly into a counting vial to determine percentag'e_;.

- recovery and 2 x 50 pl aliquots were pipetted into 12 x 75 mm polypropylene test tubes

© (assay tubes). To each assay and standard tube was added 6 000 cpm [H]-25(OR)D,

in 50 pl ethanol and the mixture Was vorhe.xéd Aﬁer a 30 minute pre-incubation, 1 ml
of thé reconstltuted _kidney oytosol receptor was added to all the tubes, The kldney-
.cytosol recepior ﬁas recbnsﬁtuted to-a concentration of 0.2 mg reCBptOr powder per ml
in 0. 0SM sodlum phosPhaﬁe buffer. The tubes were mcubated fora further two hours

on 1\..3 '
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| On completwn of the two hour mcubatlon 200 ul of a well mlxcd Lhmoalldextran a

solution was added to each tube to separate the bound from fres FPH-ZS(OH)D3 This

charccalldcxtmn selutlcn was prepa:ed in the same phosphatc buffer as had been used

in the assa.y to produce a final conceutranon of 0 625% charcoal

:(Schwartsmann)/(} 0625% T60 dextran (ngma) The mbes were vortcxecl and aliowed
. _to stand for 18 minutes M 4°C, pnor tc centn.fugatlon for 15 mmutes at 3 000 rpm in

a refrigerated _benchtop. cenmfuge.

A 500 ,ul aiiquct of each supei'ne.tant (containing the bound {?i-lfl-ZS(OH)Dg.was pil.:tet't_e'c_l' .'
" into 5 ccunting viai and. 4.3 mt of scintillant (Aquagel: Cueralab, South Afric‘a) was
'; addea The vials were mixed well by shaking and each wal was COunted for 5 minutés
.m a Packard 'Ihcarb 3255 beta liquid scmtﬂlancn counter Ccunung efﬁmency was_ o

_determmed usmg an extemal standard (AES Iauo)

A standard curve was co 3tructed by plotting the percenmge_ binding of-'th'e standards

against the concentration of the standards on semi log paper (Riguré 6). The percentage
binding of each of the standards was caleulated as a percentage of the cpm obtained for

the zero point. The 25(OI-I)D cencénu'ation_in the unknown samples was calculated by

reading off the percentage bound on the graph and correcting for the losse's occurring
durmg the extractlcn and chrcmategraphy which were calculated from the percmtage

recovcry cf the tracer added at the start of the extractlon procedure The percentage

recovery was detcmuned by dlwdmg the cpm obteined in the aliquot at the end of the

' extractlon procedure by the cpm added at the start of the extractmn
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Figare 6. |
A typical standard curve used in the measurement of 25(OR)D in bat serum samples.
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CALCULATIONS:

| ab - cpm of duplicates of unknown or standard (500 ul)
e = ‘cpm of blank

o d = (cpmofzeropoint - )

1. Percentage bmdmg of each standard pomt or unknown sample.'
- [(a+b) +2)-0) + &) x 100)

"= % binding of each sample, "

20 Recovery of added couonts at the_starl: of the extraction.

vol x 100

total cpm added to semm sample

% i-ecovery

3. Final ¢ oonoentrauon of 25(0H)D (ng[ml)

Ing of 25(OE)D off  gaph x iﬂm(v_OLgf_serLl x 100] + % secovery

o= ng 25(0H)D/m1 serum.

In all the 25(OE)D assays performed, two conirol sera were included. Oric was &

pooied serum sample from chxcks fed onga hbdramry prepared vitamin ?J deficient dies

and kept in a light free environment and the other a serum :pool from normal human

subjects. The cdncentréﬁon of 25(CH)D was Tecorded as ng/ml of serum. The
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 validation of these contfol sera for use in the 25(OB)D assay is discussed in ‘section

3.2.1.

3113 The_ calf thymus receptor assay for the measurement of serum
| ' 1.25(CH),D levels - - - o

'f‘hy-mue gla,ﬁds were i‘emeved frezﬁ young caIVes between 5-20 weeks ol& These were_ '
_ obtamed from the Johannesburg &battmr South Afnca After removing the thymus '
glancl 1t ‘was immediately rmsed in ice cold sa]me, shced mto smal}. squares, snap_ _

| ' 'frozen on dry ice and stored at -TS“C untll processed. An apprOxnnately 5g piece of . |

| each gland was thawed and mdmdually proceSsed to ASsess reoeptor activity. The tissue

: _was mmeed through a stainless steel mincer and homogemzed at 25 % (wlv) w1th 3

| buffez, (0. OSM Tris, 0 SM KCf 0, 0015M EDTA 0.005M DDT, 0.01M Na,MoO,, |
pH 7.4) as described by Remhardt et al (1982). The homogenates were centnfuged at

45 000 rpm for 90 minutes usmg a 68’!‘1 rotor in & Beckman L7-55 high speed
centrifuge. The supematants were ._removed,. a note made of each volume and the |
proteins precipitated by slow addition of ground aﬁmenifum sulphate to 35% sa.turat_ieﬁ.
(20,9 g 100. ml) with. constant stirring. -Stin'ii 1 was continued for 4 further 30 hﬁnutes
after the last of the ammonium sulphate has been added Five ml ahquots were
‘centrifuged for 20 mmutes at 10 000 rpm, The Supemanmnts were - dxscarded and. the-.

- wet pellets stored. under mtrogen_ at -75°C. When used in the assay, the pellet was

reconst_ituted to 5 ml with distilled water and diluted apprbpﬁately in the Tris .b'u-ffer._ .

This dilﬁtion varied from between 1:4 and 1.:'7 depending on_the baich of thymus used.

. Alarge scale receptor preparation was performed on the _remairid'er of the thymus gland
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* which showed the highest_recepwr binding of PHI-1,25(0H),Ds at the zero point of the

-standard curve. The processed thymus was stable for up to 3 months when storéd as |

a frozen pellet (Reinhardt e al., 1982 and 1984).

A stock solution of 1 25(0H),D3 (Upjohn) in ethanol at an appro:umate concentratlon

| of 100 ,uglmi was dﬂulaed w1th ethanol to approxlmately 10 ng.’ml Thxs was scanned

ona UV 'spectmphowmeter from 300 nm to 220 nm (DeLuca, 1984) and the punty
and conoentratlon were detennmed as described for the 25 (OH)Da standa:ds in section

_ 3.1.1.2. AtymcalUVscsnlsshowanmure‘?

| This standard was -diluted toa éoncentration of 2 000 ng!ml with ethélnol and was stable o

for 6 months. When reqmred it was then dﬂuted toa worlang standard (60 pg/30 p,l) B

in 10 ml of ethanol A non-spemfic bmdmg standard in 1 rlof ethanol at concentration-

900 pg/30 pl was also prepared. The 60 pg/30 ul standard Was diluted to produce elght.

standards over the range 0-60 pngOﬁI with ethanol and the non-specific binding

standard included at a concentration of 900 pg/30 #1 to make up 2 standard curve. Each

point in the curve was psrformed in duplicate. The standards and samples were képt'

in an ice bath at 4°C until the addition of the receptor protein.

The pamally punﬁed 3 25(0ng ﬁ'achons obtained from the serum samples (500 ul),

after Sep -pak chromatographv as described in SCCthll 3.1.1. 1 were evaporated to

~_dryness and redlssolved in 100 pl ethanol and vortexed, A 30 ul ahquat of each was
pipetted into a conntmg vial to assess the percentage reoovery durmg extraction and

chromatography Two 30 pl ahquots were p1petted mto borosilicate Elass test tubes '

e
;
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Fgwe?.
A typlcal UV scan of authentic 1,25(OH)ED3 usmg dual beam spectrophotumetry over
the Wavelengﬂl range 300-»22011:{1 Maxnnum absorbance occurs at 26411511 ooupled to

m:uumum absorhance at 228nm
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(12% 75 mm (Coming)). Tc} each of the fest tubes .plus'those 'eoﬁminmg the standards,
1 ml of the diluted rcccptor was added, and mcubated for 45 minutes at 25 °C m a
shaking waterbath. Afte1 the: 45 mmute pre-mcubatwn w1th the receplor, 30 pl -of
[’H] 1 25(0H)2D3 (6 000 cpml 30 ;.d ethanol) was added to each of the tubes which

‘were then incubated in a shakzng waterbath for a further 15 mmutes 200 sl

"3-.1.1.2 and added to each tube to separate the bound from free 1,25(0H),D in this
assay. The tubes were centrifuged at 3 000 rpm for 10 minutes and a 500 pl aliquot

- .containing _thébound PH]-1,25(0H),D, was taken for counting as described above.

o charcoa]/dextran solutlon was prepared as descnbed in the 25(OH)D assay in sectmn |

A standard curve (Figure 8) was drawn on 3 cycle log pépel_', plotting DPercentage bound

[,"-‘H]—l 25(01-1)2D3' against concentration of stantiards Thc '3'0 w1 aliquots pipetted into _' :

vials at the start of this assay weze uged to calculate the recoveries of [’H] 1,25(0H)zD3 '

throughout the entire extractlon pmcedure

' CALCULATIONS:

- 'a,b = cpm of dup]icé,tes of unknown or _standard' (SO0 uly
d =  cpmofblak | .
c = | cpm of zero point - ¢ |

1. Percentage binding of each standard point or un_mm sample,
fa+b)+2-0) L Hx100] -
= % binding of each sample.




-
'. 2. Recovery of added counts at the start of the extr'action _
| (cpm!SO p.l aliquot X dlluuon of ongmal serum vol X 100) + total cpm added
- to serum. sample |
= % recovery ..
‘3. Final concentration of 1,25(0H),D (pg/ml)
fpg 1,25(0H),D off graph x dilution (vol of secum) used X 100} + % recovery -
- S iml | - . _
= pg 1,25(0H),D / ml of serum,
3.2 Remlts
3.2.1 Validation of th OD and 1,25(0H)D assays
3201 29QHMDassay
A typical 25(OB)D binding curve is shown in Figure 6. With no added 25(OH)D; (the
- zero point of the curve) apprommately 20% of the total counts added was bound by the - |

hgand

The vahdatxon of the competitive. protem b:mdmg assay was done by assaymg the. -
25(OH)D concentration in 5 ml of (pooled) human seruin by UV absorbance after.
_HPLC chromatography The 5 ml sample wai extracted as clesonbed in secnoq 42.2.1.

The hpn:l extract was chromatographed on Seph_adex LH-20 (sectmn 4.2.3.2). The

A
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A typical standard curve used to determine the concentration of 1,25(OE),D in bat

serum.
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pooled 25(01-I)-D region was evaporated fo drynéss, redissolved in 6%

_ i_'sopropanolfhexane, (solvent system (E) ._(sectidn 4.2.4)) and chromatographed by'_'

- | HPLC. The abse:bance was measured at 264 nm a_nd.thexalues., of 25(0H)D calculated-

as ng/ml of serum,

- The concentration of 25(0H)D in the pooled human serum when measured by HPLC
- _ was 19,4 ng/mi (a=1). This.'resv.jlt wassmular 0 the results obtained from the receptor

binding essay (225 :i: 3.5 ng/ml (n=9)). The accepted re_ferem:e_range for human sera

i3 10-40 ng/ml, as measured in this Iaboratory.

. The vitamin D deﬁclent chmk serutn sample eonmstenﬂy gave h1gh percentage bmdmg

(95-—105%) mdlcatmg, as expected very low Ieve}s of 25(0H)D, < 4 nglml (n_S)

These levels were mdtsungulshable from Zero on the standard curve and was recorded

._ as < 0.2 nglmbe or < 4 nglml of serum (when 0.5 mi of serum was extracted) The

reccwary of [1'H]—25(OI-I)D3 Whlch was added to each of the sera as a tracer before

extraction, was 6. 8 + 7.9% (n——35)
03212 125(0H),D assay

A typical 1,25(0H),D; standard curve is shown in Figure 8. Approximately 10% of the

total counts was bound to the receptor at the top of th_e'curve (0 pa/tube).

The mean 1,25(0H),D concentration of vitamin D deficient chick sera value was 13.0

4 4.8 pg/ml (n=12). The values of the human control was 39.3 + 12.9 pg/ml (1=7),
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These results were verified by an independent laboratory (R. Horst, Ames, fows,
USA). The tecovery of [’}1]-1,25(0}5;21:)3- added to the serum sainples ag a tracer was -

61.0 £ 11.4% (n=26).

- 3.2.2 &MMWHM D mgtgb. olites in fruit bats serum samples

3221  Concentrations of 25(OHD in bat serum

Serum samples from 39 frmt bats were assayed to detenmnc thcu' 25(0H)D values In -
| ali cases, lrrespecuve of time in mptmty, the presence or absence of vxtamm D,
' .__supplementatlon, or .whether they were samples from wild ammals,____the bats had_.

undetectable Circlllaﬁng levels (< 4 ng/ml). -

To verify this, 2 known amount of unlabelied 25(OH)D, (200 ng) was added to a.
pooled bat serum sample (3 ml). When this sémple was assajred, the concentration of _
-~ 25(0H)D was 70 ng/ml, which showed that all the added material was recovered and -~

. very little other 25(OH)D was present in bat serom,

3.2.2.2

Wild bats had a mean 1 25(OI-I),D ooncentrauon of 10+ 4 pg/ml (n—-lO) CI‘able 3) '
- 'This was mgmﬁcantly lower (p<0 02) than captwc bats receiving a wtamm D

_suppl_ement, which had 1,25(0H)2D -concentranons_ of 46 3 37 _pg_/ml (n =‘7). The wild
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bats’ i ZS(DH)gD Ievels were mgmﬁcantly hlgher than those of the; bais kept ona

wtamm D Eleﬁcnent diet; 5 i 6 pg/ml (ﬂ. =22) p = 0,009002 (Table 3).
323 Serum mineral and alksline phosphatase concentrations

| . Mean plasma ca.lc.ium.lfev.éls.("ra'tv .,) were similar (p>0 0.3) in all three groups,

: a1though the unsupplemented captive bats (D-) tended to have a lower mean value (2 15 |
+ 0.34 mmai/L) (a=11) than the other two groups (.26 % 0.17 mmol/L, (n=10)
(wﬂd) and 2. 30 + 0.09 mma‘ /L, (n-?) (D+)) and their values had a grealaer variance

than those of the wﬂd and supplemented captive groups

Plasma magnesium cdnoenﬁaﬁons.'wem also similar (p>0.05) m all these groups '
 (Table 3). -

Serum indrga'nic phosphorus (Pi) tevels of wild bats were signiﬁcantly highef than those |
_-of the vitamin D deficient (p--l 47 x 109, and vitamin I supplemented groups
S (@=8.19 x 10*‘) Vltanun D supplementatlon hacl no effect (p=0.32) on Pi

concentrations in the captwe groups

| A]kahne phosphatase levels of the wtamm D+ group were higher than those of the |
. other rwo groups wild ammals had significantly lower alkaMe phosphatase levels (p-—
10.008) (576 + 130 TU/L) compared to both captive populations.
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Table 3 Vitaminl) metabolite and other serum vanable -
| coneentratmnsinthe three groups of bats.
wild Captive. L
| @ _vitD- @ | vitP+ (@
weights 13:.648.1 | 18 9i169 . 12114141
L2SEOH),D .| 10.44% - (10 |- szts** @) | 4637 (@)
Calcium .2._26i0'.17_ (10) 215+o 34 (1) | 2.30+£0.09 -
* | (mmol/L) | ' ) R
{ Magnesium 115;;;024 - (10) 1.09¢o.15 (11 § L19£0.10 (7
(mmoIlL) . o _ ' S
Inorganic 293;&1 01* (10) 0954026 (7} |o0.814+030¢« (7
Phasphorus B o : o
(mmol/L})
Aleafine | ST6X130% (10) | 783127 () | 1032+216* (7).
Phosphatase . . R .
(IUIL)

- Values With sumlar superscnpts are sxgmﬁcantly dlfferent from mch other

* = mgluﬁcant (p<0 05)

# = hlghly mgmﬁf;ant (p<0 001

3.3 Discussion

33.0 VitaminD status

(One way analysis of Vanance)

" Field observaﬁon's. suggest that fruit bats in the wild are not exposed to sunlight at any

stage either on their departure from the roosting caves after dusk or on their return -

before dawn (Smithers,. 1983).' Freshly caught wild bats were used to the measure their
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. namml vitamin B status. They were bled W1thm 6 hours of theu' capture thius gtvmg an'.

accurate assessment of wtamm D status in the, wild (Table 3) for this mammal

Like all vcrtebrates studied to date (Kobayaslu et al., 1991 I-Iorst et al., 1981,

' Talaeucht et al, ol ,91) the acttve rnetabohte of wtamm D was present in the serum of

o free rangmg bats_ (Table 3)._.The_oonccntmt19ns of 1,2_5(OH)2D, although detectable are

lower than the fange (60-100 pgfnﬁ) reported fer most mammals (Audra.h and Kumar |
- 1585; Horst etal, 1981; Halloran et 2. , 1986), and those for adult man (15-50 pg/mb). |
In fact the levels found in the bat are consistent with those found in severe vitamin D
. deﬁclenCy in other mammals, although apparently normal free hvmg mole rats have

simflar hormone concentrations to those found in the bat.

* Despite low levels of 1,25(0ﬁ)_$, serum calciuel coneentreﬁens are within ﬂie_nomal
range for mammals (Clark et al., 1986). This might indicats that mineral metabolism
in this mammal is independent of 1.25(OH),D. Several mammals, most notably ju\}_Eﬁile |
rats (Tanaka et al., 1972; Brom'rr.:afge.aﬁd Baxter, 1988) and mole rats (Buffenstein and _'
Yahav, 1991; Buffenstein et al., 1991; Sk:mner etal., .1991) show a.-'i:osi_tive mineral -
-balauce,' .despite low 1 25(0H)2D levels. Fur&ermore studies of mole rats, suggests that
minieral metabohsm is mdependent of v1tam1n status (Butfenstem and Yahav, 1991

' Yahav and Buf[enstem in press).

Thie role of vitamin D in mineral metabolism in the fruit bat has to date not been
studied. However the tendency to lower serum calcium values in the vitamin D depleted

~ captive bats suggest that small a_ﬁmunts of vitamin D might be necessary to maintain |
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| normal mineral homeostams 'I‘he sma]l number of bats in whmh serum calclum was

mea.sured and the large scatter of the values amght eacplam the Iack of statlsttcal B
mgmncauoemthe sennncalmumvaluesbetweenthemanunl) replete and vitaminD =

 deplete animals.

In none of the 39 serum’ samples measured for vit'amin D metabolites was 25(0H)D.
| 'detected That the levels of 25(0H)D were very low (< 4 ng/ml), was confirmed by

the measurement of ZS(DH)D aﬂer the ‘addition of lmown amounts of uniabelled "

.'25(()H)D3 to bat serum (Section 3 2.2.1). The valties oblmned wem not dlfferent from .

. the amount of ZS(OH)D.added fo the bat serum. _

: Serum eoncentratmns of 25(0H)D were below the senmtmty of our assay (< 4 nglml) -
. Undetectable ooncentrahons of 25 (OH)D usually Ieﬂect v1tamm D deﬁclency (Audran
~ and Kumar, 1985). Th_1s nught mdeed be the case, for bats have nio obvmus source of "
the precursor to 25(CH)D. Thus, one would expect to observe .the patholeg}:cal p1cture '
(Audran and Kumar,1985; DelLuca, 1984) of vitamin D deficiency in bats (such
fractures, Wea]mess and defomities), whieh was not noted in any of the bats (cag
or wild) in the presemt study. As mentloned earlier, 1t is possible that the bat do

require vitamin D for normial bone and nuneral homeostams

Altematwely, undetectable plasma 25(0H)D coneentranons nught reﬂeet a natural .
- sPecles speclﬁc phenomenon Horses (Horst et a1 1988), mole rats (Buffenstmn etal., -
1988, Buffenstein et al., 1991) and sharks (Kobayashi, 1_-991) do not appear to employ

25(0H)D in a similar way to most maﬁlmals, as the principal circulating form of
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wtamm D (Norman and thwack 198‘7) Itis poss:ble tha.t bats, hke these exceptions

to the normal pattern, regnlate v1tamm D, metabohsm at the level of the actv'e

E metabohte (1 25(0H)2D3), nsing the mactwe 24 25(0}1)2D3 as a honnone reservou, o

.quch could then be further hydroxy]abed to 1 24 ZS(OH)3D3 in mtuat.wns of calcium

_lack (Kumar, 1984 Henry, 1992)

Another altematwe is that vitamin D reqmrements of the frmt bat may have evolved

' mto a fmely tuned qystf-m whereby the metabohsm of v1ta1mn D occurs through the _ |
known bxochenucal pathways '(No;'man,' 1999)'.&_; the final active hormone 1 25(0H),D - |
bt that substrate levels of 25(OH)D 1, .',j' the kidney to produce 1, SO are

~very much Iower than in other mammals All the 25(0H)D avaﬁabie to the ammals, :

oould well be converted tol 25(01:1),11 Thus all the v1tamm D obtamed by the bat, is

 ufitized in the most ef.ﬁment way posmble Thxs would be hlghly adapttve as vitamin . -

Dis nut obvmusly available to this nocturnal frut eating mammal and perhaps only' |

small quantities are indeed obtam_ed

A further possible explanation, could be that 25(OEDD is not transported bound t6 a

vitamin D binding protein. Rather all 25(OH)D is found free, thus rendering it

available in smaller amc)u_nts for the action of hydroxylating enzymes (Fraser, 1980)..




3.3.1.1 - Captive population of bats

The haus‘ing‘ of the fruit bat in--céptivitj simulated, as'closely as possible, this

mammal’s enwronmentm condltmns in the wﬂd As the dlet was consxdered to be

vztamm D deﬁclem, a group of ammalq were supplementcd thh wtamm D in captlwty,

to assess the effect of vitamie D supplementat_mn on wtamm_ D me_tabohsm and mineral

‘homeostasis,

Animals not receiving a vitamin D supplement and maintained in captivity. for long

| periods, showed similar serum nuncral valués to those 'Of non—capﬁve anima.ls (Table |

3), although 1 ZS(OH)zD levels ‘were Iower, and therc was a tcndemcy (though not

staustlcaliy mgmﬁcant) for serum calcmm values to be. lowcr

. Animals eiving a ﬁhjféiblogical'sﬁpplemmt of vitamin Ds, has markedly raised (4

times) 1,25(OH),D levels compared to wild bats, although 25(CH)D levels still

remained undetectable (Table 3). These data are at variance with vitamin D;

supplementatio ; studies of another mammal with fio obvious vitamin D souree

(Buffenstein et al., 1991). Mole rats in the wild have undetectable levels of 25(Q")D,

yet when 'given a vitémjn D supplement 23 (OHJD concentrations are elévanad t0'within
the normal range for mammals (Buffenstem et al 1991) Data obtained from the

vitamin D, supplementauon group in the present study, are thus smpnsmg It would

 be expected if the 25(OH)D substrate was naturally hmmng,. that when oral ~itamin D, |

 supplements were given, 25(OE)D; would become detectable as was the case with the

mole rats. A possible explanation is that the dose of vitamin I was sub-physiologicﬁl,
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thus prevénting the agcu:hulaﬁor‘x-bf 25(0H)D to dst§btab1e levels in the animals. All

available 25(OF)D would then be rapidly converted to more polar metabolites.

Bats in captivity receiving a vitamin Dy supplement'_showed significantly higher serum -

concentration of 125(0H)2Dz th.an- those. mi: supplemented, Vi".'amiﬁ' Dy

_ _supplementauon brought the s serum 1,25(0H),D, cmcentrauons into the same range as

" other mammals (Audran and Kumar, 1985 Horst et al., 1981) This 1mphes that buis
in the wild lack sufﬁcxcnt vitamin Da substrate and are compelied to mamtam the
active metaboh_te at below normal coneent_mtxons. They must -thet-'efore have either
adjus’.d their mode of mineral homéostaéis to function édéquately at low 1,25(0H),D,
| concentxauans or altematwely mmmam fres 1 ZS(OH),,,D;, levels w1thm the normal

range but with a reduoed total 1 25(0H);_D3 concentranon
'3.3.2 Mineral concentrations

" Trrespective of vitamin D status, captive and wild bats tightly regulated serum caloium
 and magnesium levels (Table 3) Wlthln the normal range for mammals (Clark et al.,
1986; Schaamfsma et al., 1988). This indicates the importance of these minerals in
homeostatic functions and the need to tightly regulate them by whatever means, It is
_possible that serum concentrations: of these minerals are nﬁt reguzate.d'by'. 1,25(_0H)2D,, _
as supplementaﬁoﬁ_ with wtannn 'Ds did_ no£ alter thei:'ooncén.traﬁons. Ho&ever the
tendency for iova'fer caléiuih' values in the vitamin D deficient cz{ptivé amma]s suig‘g‘ésts
'that. the low ooncehtratio:ns_ of 1,25(OI§DJD are necesséry_. for normal calcium

homeostasis,
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| Inorganic phossiorus levels in caﬁﬁve animals We_re much lower than tﬁe ftee.renging

animals. Vitamin D, supplementation had no influence on these concentratien's ‘We

therefore cannot attnbute a decrease in P1t0 yitamin D status, nor can P1 concentratlons :

be the pnme regulawr of 1,25(0H),D mvels, Expenmental mfaerventlon must be the |

_ cause of the low values in captivity. Low Pz col -centranons nught be_th_e main cause of

the broken wing pheﬁomena ongma]ly attributed to vitamin D deﬁcieney_. A normal

pliesphate conceﬁtratio’n is essential fer life in that 'it 15 intimately invoived ih ATP

productmn and hence energy metabohsm (Le}mmger, 1975) The bone reservoir of this

'substanee wight therefore be drawn upon, to maintain serum P1 and, thus result in a

decrease in bone density. This in turn would i increase the r1sk of bone fracture Desplte

this, few bats in our study presented Wlth these symptoms

It is posmb!e that the lower serum Pi va[ues nught reflect a dxetary lack Although the

diet consisted of mamly peeled fnut it was ot poss;ble to reproduce the w11d bats’ diet -

of mamly w11d fgs.
Alkaline phosphatase levels were lowest in wild caught animals and were markedly

elevation of alkﬂine phosphatase levels through its effect on bone mineralization and

- | elevated in captive populations. 1t is pussible. that low serum Pi might result in the .
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. Not one of the serum samples from the 39 bats used for the measurement of 25(6H)D _
 had detoctable levels of 25(OHD prosent. Despito this finding, detectable levels of the
" '-active hormone 1,2S(OPI)_2D were present in att fhe samples assayed. There was a clear
 distinction between the concentrations of the 1,25(OH),D levels in the three groups of
~ bats assessed in -i‘hese experunents The- levels'.in the vitémin D déficient group was

- significantly lower than those in the other two grbups._i'rhe data indicate that despite
| unmeasurable levels of ciiculaﬁng 25(’0}1)1) the bat is able to maintajn detectable
. -levels of the 1 25(0H)2D event in the wild state, suggestmg that a sma]l but mgmficant_

amount af vitamin Dis mgestcd by bats in their natural habltat

'_-Calcium and magnesium concentrations measured in the bats in the thres groups
' s_hov&ed ne Signiﬁcént change with wtamm D status (Table 3'),' indicating that these

* minerals were tightly regulated in a manner possibly independent of vitamin D.

 Inorganic phosphorus values did not follow the same pattern as those of calcium and
mag‘nesium (Table 3). Wild bats had signiﬁcantly- higlier B concentraﬁcns than those
held m captlvny and this marked difference must be due to captwe mterventlon __

treatments unrelated 1) mamm D status.

Alkaline phosphatase conicentrations in all three groups were high, possibly indiéating '
a rapid rate of bone turnover. Values in wild bats were lower thar in captive animals,

Although alkuline phosphatase iso-enzymes were not measured it is possible that the



‘higher alkaline phosphatase values in the captive animals reflect the effect of

| hypt)phoéphataemié on bone lui'nover.-

Thus wild bats appear to have normal mineral homeostasis despite a Jack of an obvious

source of vitamin D, Furthermore the presence of serum 1 25(0H),D concentmt.lons

desp1te an absence of detectable ZS(OH)D suggests that small amounts ef wtamm Dare

obtamed by fhese : nf;w b animals 1t is possible that tlns is obtained fmm the skin of

ingested fniits,_ whitz-._- 3 _e. been irradiated by sunhght.

 Unlike many other mammals that have been studied, circulated 25(OH)D Jevels do not

provide & good indicator of vitamin D status, The data from the present study suggest '

several possible mechanisms from .t_his finding:~

1 25(OH)D- is nut an intermediate metabolite in the. metabolism ef viemin D to

1,25(0H),D.

2, 'The fruit bat does not possess a vitamin D binding protein, thus levels of

25(OH)D are mainly in the free form and are too low to be detected in the

receptor assay used in this stady.



CHAPTER 4

hydroxyvitaxain D, in the fruit bat

0

The metabolism of tritium labelled vitamin D, and tritium labelled 25
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4.1 " Introduction

| Once it had been established that the fruit bat had measurable fevels df"c'irc.ulating'
' 1,25(CH),D but undetectable levels of 25(0H)D, more in depth studies were done to

assess the bat’s ability to metabolise vitamin D, and fhe metabrlic pathwayé involved.
4.2 Methods

. Two expenments were pe:formed to determine vitamin D metabohsm in frl.ut bats The
ﬁrst expenmmt consisted of dosmg a number of bats W1th *H vifamin Da, whﬂe in the
| sgcond experimeit, dlffere_:nt_ bats _were dosed with unlabelled 25 (OH)D, -and 3I-I
25(OH)D,. This was done to assess the viamin D metabolio pathway 1o the active

hormone, 1,25(OH),D, in the in vivo situation,

4.2.1

Tissues n@ssm for the various expenments were dlssected from the carcasses of
freshly killed bats Those which were not reqmred 1mmad1ate1y were stored in
aluml_m_um foil or plastic containers at -20 °C. The kidneys - used in the
25-—hydr_oxyvitamin_D la-hydroxylase experiments were processed as soon as they were

removed from the animals. Blood samples were collected as deseribed in section 2.2.3.
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" The method of extractmn of 11p1ds from serum and bat tlssue samples obtamed for the

' dtfferent expenments was that develaped by Bhgh and Dyex (1959)

 To serum (ml) was added 5.75 ml methanoizchloroform:water (2.3:2.3:1.15) and the
- mixtore .well mlxed After centriguation for 15 minutes at .'-1500 rpm,‘-_thé m1xture |
senarated into threephases The top aqueous phase was transferred mto a seoond tube, -
so that it would not mterfere with access thmugh the protein interface to the lower lipid
'. contaimng chloroform phaSe. The chloroform lipid layer was transferred into a third
' | tes_t_-tube'and e\'ra_porated to dryness under a stream of nitrégen at 37°C. The aﬁuebus.
phase and. the prdfein layer were réextracted w1th chloroform (0.8 mi), and aftar
| éentiiﬁlgation the .two lipid extracts were cohibined and evap'orated to dryness The
hp1d extracts were then red1ssolved m 0. 5 mI hexane and stored at -20°C lll'ltll

| chromatographed
42.2.2 = Extraction of the b
Extraction of lipids from bat kidney fd]IOWed-the same procedure however in this case =

| 1g of tissue was used with 3.3 ml of the ethanol:chloroform:water (2:2:1.8) mixture '

(Bligh and Dyer, 1959).




4.2.3 Chromategraphy of vitamin D metabolites

The extracted samples were either chromatographed on Bm-Sﬂ Silicie Amd (Section -
| 4.2.3. ,‘l) or LH—20 Sephadex (Section 4 2.3.2) as requlred Bio-Sil Sl]zc1c Acid was
used to chromatograph serum samples as they contained only small amounts of lipid.
' In the case of bat kidney tissue, the amount of lipid present was larger and therefore
these samples required chrornatogfaphy through a LH-20 Sephadex column.

423.1  Chromatography through Bio-Sil HA silicic acid -

Silicic ac1d Chromatogréphy- was uéed to 'separate a nuniber of vitamin D.metabolites
| a8 descnbed by Delvin et al (1985). Prior to use, the B10-S]1 HA silicic ac1d powder-
| (50g) (BloRad Richmond, CA) was washed extanswely in re-d:st:]led ether (BDH),
the bulk of the ether was then asplrated off and the silicic ac1d allowed to air dry until
1o trace of ether was detected. The silicic acid was then actlvated at 106°C for 1 hour |
in a drymg oven. Once the actwatmn was completed, re-distﬂled hexane (Holpro,
: Iohannesburg, South Africa) was added lmmedlabely to the powder and thﬂ slurry stored

m this wet form until requlred for use.

~ The col_uinn, a 0.5 x 8 cm pasteur pipette stoppered at thg lower end with a cotton wool
 plug, was packed with a slurry of the silicic acid to a height of 4 cm. The column was
calibrated using [*H]-vitamin D, [PHJ-25(OH)D; and [HJ-1,25(0H)D;. Bach
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_ _.metabohte was nntlally chromatographed separately and ﬁnally in combmauon F1fty
._nucrohtres of each metabohte oontammg approxlmately 1500 cpin was p1petted into &
glass tube, the ethanol was evaporated off and 1 ml 20% etherlhexane added to the
tube. The tube was well nuxed by vortexmg and the contents apphed onto the column -
usmg a pasteur plpetbe. The tube was further Washed with two.consecutlve 0.5 ml
| washes and each apphed to the column as the previous apphcation ran into the silicic
acid. A third ml of the 20% ether/hexane was applied to the columa. The column was
: then ehlted suocesmvely Wlth 5 ml of 55 % ether/hexane, 5 ml of 95% etherlhexane and
5 ml. 50% a.cetone/ether and each fractmo oolleoted separately as descnbed by Delvm
et al. (1985)-_'. _Each of the eluted fract_'.lons was evaporated at 37°C under a steam of |

E mtrogan Thereafter the contents of each tube were transfexxed mto scintillation :'

| _'.counﬁngmm severl washes of hexane. Seintillation i was added to cach vial,

. Whlch was counted for trmum in a beta liquid somtﬂlauon oouoter (Parkard 'Ifnoaxb '

3255).

Fo]lowiué chromamgrophy, the metaboﬁfes eIutéd in the fo]lowiog ﬁ'aoﬁons (Figoreg); ) '.
vitamsin D in the 55% e&ier/hexaﬁe (3-5 ml), 25(0H)D in the 95 %' ethe_r/hexéne region
(79 ), and the 1,25(0H),D in the 50% etheﬂaoeﬁone =re'gion e and 12 ml), The
'. recovery of wch of the three metabohtes used, ["‘H]-Vltamm D, [’H]—25(0H)D3 and
PHI, 25(0H)2D3 was 60%, 93% and 67% respectively. Other more polar metabohtes

would be eluted usmg 100% methanol (15—18 mb)




“The separaﬁoﬁ'o_f vitamin D metabolites on Silicic Acid column chromatoy, .y after =

. lipid extraction, The different metabolites were eluted with varying concentrations of

ether/hexans; 20% (3ml), 55% (Sml) and 95% (5ml) followed by Smi 50%
acetone/ether. | )
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LH 20 Sephadex chromatography separation of vitamin I metabolites (after lipid

extraction) on a 2 x 20cm column eluted with 300 ml of hexane:chloroform:methanol

(9:1:1). 5ml fractions were co]lected
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4232  LH:20 sephadex column chromatography

LH-20 Sephadex chromatography as desctibed by Eisman et al. (1976), was used for

the separation of vitamin D meia.bolites in samples containing larger amounts of lipid‘..
A 2 x 20 clﬁ colum Was - packed with  a slury  of pre-swollen .

(hexane:chloroform:methanol) (9:1:1) LE-20 Sephadex (Bio-Rad, Richmond, CA), The |
| column was cal.ibrate_d- using aﬁthenﬁc vitamin D and 25(0H)D; and 2. 000 cpm of

CHI-1,25(0H),D;. The metabolites weze premixed in a tube, the ethanol evaporated off

and 1 ml of the eluﬁng'sdlvent added to th tube. The solution was well mixed and with

two 0.5 ml washes of the same solvent loaded onto the equﬂlbra.ted column using a

pasteur pipette. Slxty fractions (5 ml) were collected dzrectly into colmting vials, The :

solvent was evaporated off, scintillant added and each vial counted in a liquid

scimiliation counter for 5 minutes, -

Authenti vitamin Dy and 25(OH)D; (assessed by absorbance peaks) eluted in fractions
4-10 (20-50 m) and 11-19 (5595 ml) respectively, and [PH-1 ,25(OH),D, used in the

calibration of this column eluted between fractions 32-49 (160-245 mi) (F1gure 10)

4.2.4 High pressure liquid chromatography systems

A number of different high pressure liquid chmmatogfaphy (HPLC) solvent systems
were used for the further purification and séparation of vitamin D metabolites in the

extracts from tissue and serum samples of the fruit bat.
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Extensive HPLC purification was :iecessary fo separate co-migrating vitamin D
metabolites which might interfere with the determination of the amount of 1,25(0th |

* produced (Chapter 5).

: HPLC was pi:rformed either after preparatwe low pressure chromatography or d:rectly -
| _after extraction 1f only very sthat amousts of hpxd (< 0 5 mg) were present (Sect:on .

422).

All straight phase HPLC was done usmg a Sphensorb 10 ,um, 250 mm silica column
(Deeside ]'nu. Bst, UK ) The pressure pump was 2 LDC Constametric (Milton Roy,
Laboratory Data Control (LDC), Riviera Beach, Florida, USA), coupled to a LDC

1203 UV 11T monitor with a 245 nm filter and & Vitatron chart recorder.

Reverse phase HPLC was performed using a Zorbax—ODS column attached to the same
pressure pump, The flow raie for all the experiments was 2 ml/mm and 1 mi fractions
__were collected. The absorbance sensitivity of the recorder was varied for each of the

experiments.

- Al the solvents used were HPLC grade and supplied by Waters, Millipore, SA. unless

otherwise stated.

A number of different isocratic solvent systema were used and each Systen_n' was
calibrated using the major vitamin D metabolites:- Vitamin Dy, 25(CH)Ds, -
24,25(08),Ds, 1,25(0H),D, and 1,25(0H),Dy at a concentration of 100 xg/20 ul,
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_'The HBPLC chromatography tracings using 4 solvent 'system_s. A,

hexane:isopropanol:methanol (90:6:4); C, 3% isopropanol/dichloromethane; F, 8%
isdpropahbllhexane; G, 80 % meﬂlanolifizd. The ﬂdw rate for ali the_. systems was set |

at 2 ml/minute.
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were collected.
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| '_The fixst system (A) was the ternary solvent system .descdbed by Jones (1980), using

hexaneiisopropanolzmeﬂ:anbl' in the ratio of 90:6:4(A). Three other syStems were also

used. These were binary solvent systems (B,C,D) described by Brown and DeLuca

(1985) making use of varying concentrations of isopropanol/itichloromethane (DCM)

.-(B:z%, C:3% and D:4% réspectively). The calibration of each of these systems was

performed using the same concentrations of vitamin D metabolites as described in (A).

Thirty fractions (1 mt) were collected.

A further bixla:'y'solvent system used was isnprdpanol/hexane at differeht'concentrat_ions

' of isopropanol ie. 6%(E) and 8%(F). The calibration of these two systems was

 performed using the vitamin D metabolites described in (A). Forty fractions (1 mi)

A reverse phase system Was also used, and was equ.ilib'rated with 80% methanol/water

(G). The same vitamin D metabolites were used to calibrate the reverse phase column, |

and thirty fractions (1 mi) were collected.

The tracings »f the four major solvent systems (A, C, F and G) used in the separuiion

“of the vitamin D metabolites are shown in Figure 11, The eiution volumes of the

authentic vitamin D metabolites were used fd'identify the putative metabolites in the

various scmples.

A number of reasons for the use of the different HPLC solvent systém are mentioned -

in the following p;u_.‘agraphs. The puﬁty of the putative 1,25(0H),D was increased by

L
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. the elimination of -colil.igrating impurities" by using consecutive HPLC solvent syStems.
* With the elimination of these itnpurities (possibly other vitamin D metabolites) the
possibility of the binding of other sbstances other than the putative 1,25(0H),D, to the

receptor in the receptor binding assay (Chapter ) was avoided.

In the experiments in which the bats were m_]ected with the radio-labelled vitamin D

mehijo]ites [_“I-l']-vitaniin D, and PH]-25(0H)D,, it was necessé':y to ebuu'_xi good

'Sep'aration of the inject‘ed matenal from the more polar vitamin D metabolites produced

in vivo hy the bat The number of counts pxesent in the fractions collected off the |

HPLC systems was on occassion  small and samples were therefore repurlﬁed to ensure

| _that_ all the counts present were - mdee_d- those. produced by the b_at and__ not a

_contaminant,

In the experiments performed to try and determine the form of vitamin D utilized by

the bat (i.e. vitamin D, or vitamin D)) (Chapter 7, it was neeessary- to obtain baseline
separation of authenuc 1 25(0H);D-. and 1 25(0H)2D3 S0 a§ to collect eaeh meta.bohte

' separate}y off the I-IPLC systcm which was then mcluded in the receptor bmdmg assay

' With each solvent system tsed, interfering substances which showed up as absorbance

- pedks in the_U‘V tracing were progressively-eliminated.




o Five fruit bats kept in captivity and fed on a vitamin D .deﬁéient".dict' of .peeled or
- washed fruit for a minimum of one year, weie mjected mtrapentonea]iy w1th 1.7 X 10°

. cpm/SO pl ethanol of [’H]-wtamm D, (14 Cl/mmol Amersham) ‘Blood samples (all
| ‘were le_s_s- than 1 ml of blood) were-oollected from the wing ve_m _of each of the animals

. _24_!10111'# after the isotope was giv_éﬁ. The ﬁ_ve' blood s’amples. were cenmfuged at 3 0600

rpm for 15 minutes and the serum separated. The volume of each was recorded and a

5 #1 fracttontaken and coun{ed for total tx'itium content. The sera were oxtracted as = -

descnbed in section 4.2. 2 the weights of hp1d were noted and the samples prepared. '

for HPLC

The first HPLC system used the ternary solvent ;ystém (A), described m section 424,
_ Each of the ﬁfre extracted samples was redissolved in 100 pl of thy solvent, 9.0%. was
injected onto the column and the remaining 10% placed n a counting vial for
' calculation of the péfceﬁtagé recovery after lipid extraction. Of each f.ractibn. collected
 off the EPLC, 10% was pipetied into vial for caloulfing the recovery afier

chromatography. The fractions containing [*H]-vitamin Ds and [H}-25(CH)D; were

- separately pooled and concentrated down to dryness. The vitamin D, pool was .

redissolved in hexane and stored at -20°C. The 25(OH)D, pool was redissolved in 100
ul 2% wopropanol/dxchlommethane for use on the first bmary solvent system (B)
' .Agam 10% was. taken for counting and the remaining 90% mlected onto the column
Thn'ty fractions (1 ml) were collected and 10% of each counted Fracuons which eluted

at the known elutlon volume for 25(0H)D, were concentrated dryness, redlssolvesd in
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| 10041 « of solvent system (E), the final HPLC system used. As in the prevmus HPLC :

systems, 10% was talcen for oountmg and the remalmng 90% injected onto the column.

Forty fractions (1 ml) were eollected directly into vials for countm_g. :

. Nine vitamin D deplete fruit bats were divided randomly into three groups of three bats
each. Three solutions containing a fixed amount of [s‘I-I]-':IZ.S((_)I:I)]:)_ar (5 X 10* cpm/50

pd ethanol, 1.5 ng, 160 Ci mmol Amersham) plusdifferent a:ﬁiount's of authentic -
'ZS(OH)DQ was prepared ‘The total e.tnount_ of unlabelled 25(0H)D, received by each |
bat in the 3 groups was 2, 11 and 21 ng respectively. The 25(OH)D;, dissolved in

- ethanol (50 ul), was injected ihtraperitoneally as a bolus. At 16 hours a blood sample -

 was collected from t_he wirig'_vein of each ani'ma_'l._ The samples were .centriﬂiged,' the
sera separated and a.'no'te made of each volume prior to storage ai; -20°C The a:iix_nals
were sacnﬁced 'ai 48 hours and as much blood as possible collected by tm“diae puncture
. from each ammal The blood samples (uthzmg 1.5 ml semm) were prepared for

chromatography as descnbed in section 4.2,2.1.

Silicie acid _chmmategtaphy was performed on the serum samples, using a modification

of the method as describe in section 4.2.3.1. The 95% cther/hexane fraction was

_ehmmated all the other fractions were assessed for rad10act1v1ty and only the 50%
acetonefether fraction which contained metauohtes more polar than vitamin D (eluted
in _55 % mtherlhexane) was then collected for further proc‘.essmg. 'The -column was

stripped using 5 ml methanol which was :coilected, -evaporafed and the totas fraction
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counted for radxoaeuwty The latter fraction confmned metabohtes of wtarmn D more

polar than 1 25(011)213

- The 50% acetonelether fraohon was evaporated down to dryness and redlssolved in 100 ._ |
| of the temary solvent (A), (section 4.2.4). A 10% ahquot was taken for oountmg -
' and the remammg 90% was m_]ected onto the I-lPLC column, TWO peaks oontammg .
-~ tritium were 1dent1ﬁed and each was poolod and evaporated down to dryness and stored |
.:m hexane at -20"(‘ The second peak (oontammg the putatlve 1 25(0H)2D) was-
redlssolved in 100 i of 4% -1sopmpmoumcmommethane (solvent (D)) A 10 pl aliquot |

was ccmnted and the rerumnmg 90 pl injected onto the column Forty fractions (1 ml)

' _' were oollected directly fito v1als for eountmg

The total tntmm recovered pnor to extrachon and ehromatography of the sera from the

five bats wh:ch were dosed with [’H]-vitatrun D, is shown in Table 4,

L

-
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Tabled

. 'The recovery of tritium coﬁnts (cpm) in the sera of 5 bats 24 hours

| aftélf they were injected with known smounts of [’H]-&ita’min D,.
sample | volof | cpm/Sul | total | cpm/mi | % of total
no. serum | serum cpm dose admin/ml
1 4530 | 1372 | 12412 27460 | - - L.61
2 335ul | 78.0 526 | 15600 092
S 3 5851 115.0. | 13455 | 23000 | = 1.53

4, 352 1213 | 8540 | 24251 1.42

5. | 460u | 430 | 3956 8600 | 0.50

The results of the HPLC 'chroma'tography' as described in section 4.2.5 are shown in .
Figure 12(a). The [H}-vitamin D, elated in fractions 5-7, while [H]-25(OH)D; eluted -

" in fractions 9 and 10, The more polar metabolites, 24,25(OH),D, and 1,25(0H),D,

would have eluted after fraction 16, but were not detected. In all five samples, the
magcn'l*gr of the counts eluted in the same fracnons as authentlc vitamin D, w1th only
a small number of counts elutmg in the ZS(OH)DS fractlon Further metabo..m to the

~ more polar metabohtes was not detected in any of these serum samples.

The pooled 25(OH)D, region off HPLC system A, was injected onto the second HPLC -

system and eluted with solvent B described in section 4.2.4, and shown in Figure 12(b).

The majority of the counts (60-90%) eluted in the same fractions as authentic 25(OF)D;
(13-16). This fraction was analysed on a third solvent system E as described in section

'4 2.4 and shown in figure 12(c) where only a sma]l pomon of the counts did not

co-lmgrate with authenic material i in fractmns 13- 15
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Tﬁle results of in vivo ["H]-wtamm D; metabohsm Serum was e;xtxacted and

mctabohtes scparated using h1gh pressure hquxd chromatography with 3 different

solvent sy's'tems'. Fig. (a) shows the elution with solvent system A; [3H}-vitamin Dy

eluted in fractions 5-7, ['E}-25(OB)D; eluted in fractions 9 & 10. Fig. (b) using solvent
system B; [°I-I]-25(OH)D3 eluted in fractions 13-16. Fig, (c) using solvent system E;
F}I]-ZS’OII)D3 eluted in fractlons 13-15.
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Thus it is clear thét the bat is also able to metzholise vitarin Dj to 25-hydroxyvitamin

Dy, hdwaﬁé:r beéause of the small am_ount of tritiate vitamin D, converted to 2.5(OI:I)D3

it was not possible to determine Whethei‘ th; bat was able to further i’ne_taboliée .

25(OH)D to the active metabolite 1,25(OH),Ds. -

“Che ac ¢ the extracted serum had 10% or less counts pi-esent at both 1t

 and48ho - a  Jfal cpm of the lipid phase of each of the three groups of
bats, atboth . - 4" §ond at the different siages of the chromatography are

shown in Table 5. Most - e extracted lipid eluted in 1-8 mls using Bio-Sil HA Silicic

* Acid, thus eliminating contamination of absorbance peaks on the HPLC sytems used,

-'I'.he res ‘lts fmm fl:e silicic acid chromaiogr?phy of the 16 hour samples, showed tﬁﬁt
| ~onlya small number of cpm were. present in the 55% etherlhexane fraction (4-8 mls) |
| containing the majority of iipld and unknown less polar membohtes than 25(0H)D
“except for the groups of bats which received 11 ng of 25(0H)D, per bat, which had
| higher counts (28,7%). The majority of the counts migrated in f:he 50% acetonelf'e.thar'
fraction, | | o

The 16 hour serum 'samples had more mean total counts present than the 48 hour
| satnpies, although more counts were present in the 50% ether/acetone fraction at 48

hours than at 16 hours. The 100% methanol wash which was used .to elute any more
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 polar metabolites than the active metabolite 1,25(0H),D, from the columns, contairied

fess than 9% of the counts.

Table 5

The tritiated metabolites (% of total cpm) eluted off the

| sificic acid column after the infraperitoneally i_njéction |
of FH]25(0H)D,

| Time
(hrs).

% of total counts in each fraction

Conc

25(0H)D,

~ admin
ng‘/ba_t

Mean
total cpm

per mlof |

bat serum |

_ Aqueous
. phase

 Bther/
hexane

(1-3ml)

Ether/
hexane
55%

(4-8mi)

' Bther/
~ acetone
50%

©-13ml)

Methanol |

- 100%

16

2

13041

8.2

55 |

12,4

655

(I4-18m) |

8.4

11

15458

71

5.8

287

50.1

82

21

- 14128

101

6.2

162

5.8

T e

48

.2.

3369

39

2.2

57

87 |

8.0
3.4

R

11669

3.5

1.5

4.0

86.9

4.1

21

10234

1.3

7.9

84.5

2.5

The specific activity of each of the administered doses of 25(0H)D was 9.49 x 10°

dpm/2 ng, 1.8 x 10° dpm/11 ng and 9,48 x 10* dpm/21ng. The_ results of HPLC

chromatography of the 50% acetone/ether fractions (Table ©) show that the

~ concentration of ZSI(OH)D‘, measured in pg/ml, increased significantly'from 16 to 48

hours and that this increase was related to the dose of authentic 25(0H)D, with which

cach bat hias been injected. The production of the more polar metabolites,

24,25(0H),D; and 1,25(CH),Ds, increased with administered dose of 25(OH)D. In all

situations, the levels of 1,25(QH),D;, produced were greater than those of the 24,25(0H),D,,

T e oy e e
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. Table 6
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© Metabolites formed ufter the administration of 25(0H)D to fruit bats.

 Bloed
Sample -
- Collection

" administered |

~ Dose of _
. 250H)D; .

© Metabolites (pg/ml)

" 25(0H)D

24,25(0E),D

| 2SOH.D

‘Time

- 16 hfs

(ngfbat)
-

273E13.254%

19414 |

434315,

11

69,54.63.60,9

9.249.5

| 16.6+12.8

21

| ﬂ539.9i190.3@,5,

25594y |

38641135

48 s

2

2434202

Ltz |

26427

11"

1 233441053

5,62.2

14.8£9.5

21

| 444423060

© * mean + 8D, n=3 in each group,

13.0484 |

Values with the same sﬁp:rséﬁpt differ significantly from each other.

2194227 |

(1) p =005 () p=0020) p=00l,@& p=000,5 p=000

 The peak regions of both 24,25(OH),D; and 1,25(OH),D; off solvent system A were
| re—_éhromatOgraphed on a second HPLC solvent system I3, but insufficient cpm were

* present to separate the peaks from baseline and thus the data could not be intepreted,




 Given the absence of 25(OH)D in serim of all 30 bats studied, we investigated whether
vitamin D was indeed converted to its more bom metaboli'tels,._in a similar manner to

 that previously reported in other mammals (Henry, 199_2)- R

The most efficient way of examining the metabolism of vitamin D to its mofe polar

| metabolites uses radioactive traceis (Mawer, _1972)'. Initially PH]—vitanﬁn D, was nsed

in vivo in five bats on a vitamin D deficient diet. We were able to confirm thal'- the |

tabelled vitamin D, was hydroxylated to 25(OH)D,, for the counts co-migrated with

authentic 25(OH)D, in all three solvent systéms used (Fi'gure 12 _ii,b,c)- usihg solvé_snt _

 systerss similar o those used by other researchers (fones, 1980).,

We were unable to document further hyd.rbxylation or metabolism of 25(OH)D in the

24 hour samples as the counts Tecovered in the serum were too small to detect 1o~ or

24—hydroxylationﬁ |

Thus, in otder, to by-pass the 25 hydféxylétion step, in the second ekpeﬂment (section

4.2.6), FHI25(OH)D, was given intraperitoneally, In this study, we were able to

- confirm the further hydmxylation of 25(OH)D, to the active hon_none_,' 1,25(0H),D, as

well as to 24,25(0H),D; (Table 6). The amount of 1,25(0H),D; produced was directly

proportional 1o the concentration of 25(OF)D, administered (Table 6) at both 16 and

48 hours. This implies that the amount of substrate available for conversion is the

limiting step (Table 6).

M
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‘the dose of 25(OH)D given, however considerable variation existed in thse.
concentrations between animals given the same dose. These variations might reflect
- variable absm-puon from the mtrapentoneal site, different sizes of the ammals and

' therefore different volumes of dlslnbutmn, andlor different rates of metabohsm

These data conﬁrm that bats, hke all other mammals (Norman et al., 1982 DeLuca

1984; Henry and Norman, 1984) possess the oomplete complement of enzymes for
. metabohsm of - vitamin D to 25(0H)D and ultnnately to the aclive hormone,

. 125(0sz

' "That the fruit bat does have the vitamin D metabolite, 1,25(OH),D, in circulation has
been shown. It is also shown that this animal has the ability '_to convert v1tamm D; to

its more polar metabolites with the use of fritium Iibelled vitamin D. The

la-hydroxylase enzyme must therefore be present and capable of converting exogenous
25(OH)D; to the active hormone, 1,25(0H),D, in the in vivo sitvation, Thus, in its

nafural habitat, the fruit bat miust have small quantities of vitamin D in its circulation.

It is of interest to note that after 25(OH)D administration the fruit bat was able to

produée serum concentrations of 1 ,25(OH),D, within the range dem;ame by our radio_-_-

immunoassay (> 10 pg/inl)_, and not dissimilar from those measured in recently caught |

wild bats. The mammnial was able to do this at 25(0}1)}) @nceﬁtraﬁons well below the

- level of sensitivity of the radm -receptor assay ¢! ngl ml) The peak levels of serum

25(0H)D obtained after 25(OH)D adnumstratlon were appmximaﬁely 0 5 ng/ml.

_ _ . _ - _ ‘ 95
Mean ZS(OH)D-, 24,25(0H)2D and 1,25(0H),D concentrations rose progressively with

e
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These resulis suggest that the fruit bat probably does have circulating 25(OEDD in its

wild state, but that these levels are foo low to be measured by the radio-receptor assay..

- 24, 25(0H)2D concentrations rose progressxvely w1th the i increase in administered of o
: -25(0H)D In man 24,25(CH),D levels are usuady about 10% of the 25(OI-I)D '
~ concentrafion (Mawer et.gl., 19’7_2). Thus values in tha ng/mi range are typx_cally foqn_d.
The présent study indicates that the fruit bat is able to produce 24 25(dH)2D, hui the

conoentrahons obtmned are almost 10° times lowe.r than those found in man n vitamin

D deficlenf states, la—hydmxylase ac’uwty is markedly greater than that of 2%

hydroxyla_se (Henry, _ _1992_). 'I_‘he proportionally }ower concentrations of 24;25(0H)2D
. (Table 6) after the admini_stration_ of 25(OH)D; therefore suggest that fruit bats n‘a.fufalli -
have an imp'oveﬁshed_ vitamin D status. Tn VItamm D replete ammals more
 24,25(0R),D shonild be produced than 1,25(0H),D. kien at the highest administered
dbse of 25(0}1)13‘ @1 ﬁgzbat)' 1 25(01{);15- concentratic wa;. 17 tines that of
24 ?,S(OH),D (Table 6), suggest:mg that 21 ngfbat is insufficsont to alter the vxtamm D

status of these anunals

Elevated 1a.-hydrpxyiated .activity',' as indicated Sy' the ratio o_f. '1_,25(01{);33 to
24,25(01-1)2])3 might lead to the rapid conversion of mos't.of the available 25 (0ﬁ)D to
the active metabolite;.'Th_is' could expléﬁ;x the absence ﬁf measurable 25(CH)D jret'_ the
presence 6f' 1,23(0H)2D3 aibeit in. lqwcr concemtratiohs '_th_an most mammals (Chesney

et al., 1981).
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Bats do possess the full complement of enzymes necessary to metabolize vitamin D to

the more polar metabolites, including the active metabolite, 1,25(CE),Dy.
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CHAPTER 5

© ‘The production of 1,25 dihydraxyvitamin D by the bat kiduey (in vitro)
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5.1 m

In mammals 1,25(0H),D production occurs in the mitochondria of the proximat tubulat

cells in the k_idney. Onc_:e it had been established that the fruit bat was capable of

metabolising [PH]-25(OH)D; to more polar metabolites, it was appropriate to investigate

 the la-hydroxylase activity of the kiduey in an in vitro experiment.
52 Methods

52,1 . vits dor ol stuics

* Two bats were 'sacriﬁced; and the kidneys removed and weighed, following the method

of Heny (1980). The conversion of 25(OH)D to 1,25(OH),D by a kidney homogenate

was assessed by the detection of 1,25(CH),D on HPLC. Several different eluents were

 used to separate nor-specific metabolites of 25(OK)D from 1,25(OH),D.

The kidney tissue was minced and hozﬁogelﬂzed with a Potter Elvje_hlm homogenizer

in 50 ml 0,015M Tris buffer pH 7.4, The mixture was transferred to a 200 ml conicas

flask and preincubated in a shaking waterbath at 37°C for 10 minutes. The reaction

began with the addition of 1.25 m! 1M soaium succinate, plus 2.5 mg 25(OE)D; in 50

-~ pl ethanol. The incubation was continued in the saaking waterbath for a further 30
' minutes. The reaction was stopped with the addition of 100 m! of methanol:chloroform

2:1. As a marker during the purification of the uniabelled 1_.25(0H)2D produced during |

o D
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| ~ Figure 13.
LI-I—QO- 'Séphﬁadé:;' chromatography of the extract of the kidney homogenate after

incubation with 25(0H)D;. 1% aliguots of each fraction were counted for tritium. The

[3H]-1,25(0H),D; eluted in fractions 34-50.
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Figure 14,

 HPLC tracings of authentic metabolites as well as the tracings of the putafively purified

1,25(0}132D'(as:_indicﬁted_ on the graph by white arrows) using the 4 different solvent

system A, C, F ad G
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* the reaction, 100 000 cprm (300 pg, 170 Cifmmol) of PH]-1,25(OH),Ds in 50 il ethanot

was added to the ﬂaék containing the totalrmxture once the reaction had been

| completed The extraction was completed by the method of Bhgh and Dyer (1959) as._ | _

descr1bedmsectlon4222

The extract lipid was chromatographed on Sephadex LH-20 as descnbei in sect:ton' _

4 2, 3 2 Stxty fractions of 5 ml each were collected and al% ahquot of each fraction

counted_ for tritium. _'I‘he 1;25(0H),D3 marker_ allowed for easy 1dent1ﬁcatmn'of the

 putative 1,25(0OH),D region, namely fractions 34-50 (Figire 13). The two pools

' Ifractions 1:32 (known 25(OH)D) and 34-50 (putative 1,25(OH),D)] were collested and

 evaporated down to dryness and the first pool stored in 10 m! hexane at -20°C until

- The second fraction containing fhe putative 1 25(OH);D was prepared for HPLC by

' re-dmsolvmg in 100 pl of the ternary solvent (A) descnhed in section 4.2, 4. Forty

fracnons of 1 ml were collected of which 1% was counted, whlle | mmultaneous UV

- scan was done at full scaie absorbance of 0.128 (E‘1gure 14). Tlle fra.ctlons containing

[I-P]-l 25(0H)2D3 were pooled and concentrated down to dryness, re-dissolved in 100 -
pl 3% 1sopropanol! dichloromethane (C), and re-injected onto the HPLC cclumn usmg

solvent system o

. 'I'hu-ty fractions (1 m_l) were collected with the UV absorbance scale set to 0.064, and -

a 1% aliquot of each fraeuon wag counted The [I-I’] 1 25(0H)2D3 fracuons were poeled

and concentrated dOWn to dryness and re-dlssolved in 100 p.l 8% 1sopropanollhexdne
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| @) an'd fe-mjectedonto the HPLC .eolumn Ioeing. solvent system F. Forty ﬁbactions a

| ml) were collected and 1% of each fractlon counted Full scale absorbanee of 0,032

- was set for the UV monitoring. The [H}-1 25(0]1-1)2])3 fracoons were pooled and-

' eoncentrated

Prior to the reverse phase HPLC (solvéntsystem G), the pooied putative 1 2'5(0HLD3 N

- _fracoons were eoncentrated down to dryness, re-d;ssolved in 0.5 ml etharol and

scanned over the range 300 nm to 220 nm in a Pye-Umean spectrophotometer (DeLuoa

- 1984). Three a_uthentlc 1,25(0H),D3 standards were prepared at ooncentrat;ons 0.5

pglml, 1.0 pg/ml and 5.0 pg/ml in ethanol, and scanned at the same time as the

putative 1,25(OH),D fraction. The concentration of 1,25(OH),D was calculated from

- the absorbance. "The ethdnol w’aﬁ evaj:oxated off- the scanned matt:ria_l, re-dissolved'in |

solvent system (G), and the remammg HPLC was perfonned The putatlve

1,25 (OH),DB fractwns off the final HPLC sol\rent system G were pooled concentrated

to dryness and re-dissolved in 0,5 ml ethaniol.

 The putative 1,25(0H),Ds was diluted 0 a concestration of approximately 20 ng/ml
ethanol. An-a]iquot was set aside for receptor binding studies. This was further diluted

to two concentrations of approximataly 60 pg130 pland the second to 900 Pg/30 pl with

ethanol, The 60 pngQ pl solutlon was diluted to the same concenlratlons as those of ._

the standards used to generate the standard curve in the receptor bmdmg assay for the
measurement o_f 1,2_5(0H_),,D3 in serum samples. The 900 pngO pul standard was used

undiluted in the curve as a non-specific binding standard. An authentic standard curve

was generated and run in parallel o the putative 1,25(OH),D; curve as described in -
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section 3.1.1.3. Comparative graphs were drawn of the two receptor binding assays as

described by Reichel et al. (1987).

The cpm in each of the resultant fractions off the LH-20 Sephadex column after
L chromatography of the extract from the incubated kidney homogenate are show?_in ) |

Figure 13, The radioactive peak which eluted in fractions 35-47, represents 0.1% of .

the added PPH]}-1,25(0H),D; counts.

~ Fractions 35-47 were pooled, concentrated down and injected onto the four cbnsecuﬁve

HPLC solvent systems as shown in Figure ; .

Using solverit system A, a number of absorbance peaks were noted, of which two

eluted in fractions 1922 and 23-24 and migrated in the region of radiéiabelled

 1,25(0H),D, marker. Uniabelled authentic metabolites 1,25(CH);D; and 1,25(0H),D;

‘eluted in fractions.19-21 and 22-23. respedtively when the system was being calibrated.

These fractions containing the '[I-I’]-I,ZS(_OH)zDa and putation 1,25(0H),D, were |

pooled, concentrated and injected onto the next solvent system C, which showed fewer

absorbance peaks, Two absorbance peaks (fractions 24-30 and 31-33) sluted and

g
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' The UV tracing of autheritic 1,25(0}1)@. - o |

The pu;ative.-l;-:Zﬂ'(OH)zD scanned befom reve_rsé phase high presst_;re liquid |

' 'chrbma_togréphy. INOte the simii_aﬁty of the butative 1,25@1—1)@3 tracmg to that
.- of authentic 1,25(01-1)2])3 - -

e
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 Figure 16.

 The comparison of authentic. 1,25(OH),D; (@) and the putative 1,25(OH),D (o)

obtained from the kiduey homogenate incubation in a calf thymus receptor binding

 assay.
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' migrated in the same region as the [F]-1,25(OH),D;. During calibration of the system,

unlabelled 1,25(H)D, and 1,25(OH)D; eluted in fractions 2426 and 29-33

 respectively. -

- Fracttons 24!33 off system. C were pboled_and injecu_;d on tp solvent system'(F)-; Two
" major UV peaks eluted n frabﬁdn_'s 25 and fractions 28-32. The @atﬁer-peal_; co-migrated

| ivith [Hs]l zsam)zn On calibration of s'ysce;n F, authentic 1’2'5(01_{);!132 'a'nd |
1 25(051)2115 eluted m fractmns 29-32 and 33- 35 respectwely Fractions 2832

contajmng the [H’} 1 25(0H)2D3 from the above systcm were pooled and- )

chromatographed on reverse phase HPLC usmg soIvent system (G)

- Only a smglepeak eluted m ftactlons 18-25, The [H’]—l -25(0H)3D'3 'maike.t alsn elﬁted o

in thls regmn Unlabe]led 1 25(0H)2D2 and 1 25(0sz3 aluted ini fractlons 16»20 and

' 2_1 24 respectively.

The scan of the putative 1,25(OH),D; obtained off the HPLC after the third solvent

' system, prior to the reverse phase HPLC was similar to authentic 1,25(CH),D, Figure
15 a and b). Tn addition the putative 1,25(CH),D showed similar binding characteristics

to the authentic metabqli__te in the ¢alf thymus receptor binding .EIISSﬂy' (Rigurc 16).
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54 Discussion

BT

Given the absence of detectable 25(OH)D in the serum of fruit bats but the presence

of circulating 1,25(OH),D (Chaptex 3) and the fact that bats can convert tritiated

- vitamin D, to the more poIar metabolites (Chapter 4), we speculated that the bat has
:'the renial - loe-hydroxylase enzyme necessa:‘y to convert’ ZS(OH)D o the active
metabohte 1,2508)D. |

-Wﬁeﬂ-h(jmdgenised renal tissue was given an excess of 25(011)1)3, as described by

Henry (1980), the substrate was converted to putative 1,25(0H),D, which by several
methods appeared to be 1,25(0H),D, The substance produced was puriﬁeci usmg the
techniques of Jones'(1980). Furthermore the material was found to have & number of

similarities to that of authentlc 1 25(OH)2D3 (DeLuca 1984) when scanned over the uv

| 'rauge 300-220 - (Flgure 15).

© We further confirmed that the substance wes 1 25(CH),D, followmg the methods of

Rmchel et al. (1987) They showed that the receptor binding assay used for m&:mumg -

1,25(0R),D metabohbes in serum, was a reliable technique to compare the substanice

produced to authentic 1,25(OH),D; (Table 6).

_ These .ﬁndin_g's therefore confirm that the lo-hydroxylase enzyme was present and

active in the kidney and was able to convert 25(0H)D3” to 1,25(0H),D;.
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The lcg-hy;lrﬁxyIaSe enzyme has been fé'l__md. in .thé-kidnéy of_ ffo_éé (Kobayasm et aL_,.
1991), reptiles (Takeuc o al., 199’_1§ Kobagashi et al., 1991, 'mam*m'_a;s and _birds. o
(Tanaka et al., 1976; Norman et al., 1984).” Indeed all a.mmals studied to date pOSSEss - '

.- this enzyme, Althbugh always present in the lﬂdney, this énMe_.and‘.thu_s' 1,25(0szD3 ._ _

- pmductioh may occur extrarenally (Dusso et 51., 1988). The enzyme has been fo_ﬁnd‘ '

to be prcsent in the.-]i\_re;, lung, macrophage cells, placenta, bone cells, embryoric

_ij_ltsstine, ‘and aomc endofhelial cells (Dusso et'al., 1988; Henry, 19'92;_' Manoglesdorf.
B etal,, 1984)_. The contml of the extrarenal 1e-hydroxylase enzyme is not PTH sensitive B

(Henty, 1992). Tt thus appears that the 1a-hydroxylese has a ubiquitons distribution and

it is thus not surprising that it is present in bat renal tissue. -

55 'Qggglumg"'..'

~ The experiments provided data which indicate that fruit bats possess an active la-

* hydroxylase enzyme in kidney tissue, and are able to convert 25(OE)D to 1,25(0H),D.
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The purif'léation of the vitammD binding protein from the fruit bat
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61 mmum

In sectmﬂ 3.2. 2 the bat was shown to have measurable levels of serum 1 ZS(OH)ZD _ _

but undetectable Ievels of ZS(OH)D Posmblc axplanauons for this phenomenon conid

include:

o 1)  that the bat does not metabohsc v1tamm D in the usual way, possnbly by~passmg ;

e formation of 25(0}1)1)

) that the bat does not possess a vitamin D bmdmg protein, thus markedlg

reducing the mrclﬂatmg 1evels of 25(0H)D ¢ or

3) - that the bmdmg propemes of the vuamm D bmdmg protein (DBP) are diiterent

' from those of DBP in other mammals.

The first explaniation appears unlikely as in section 4.3 it was shown that the bat is able
*to metabolize [*H}-vitamin D; to PH}-25(OE)D, and is able o convert H}-25(OH)D;

to EH]—i ,25(0H),D;. Furthermore the kidney possesses the lo-hydroxylase enzyme,

whose substrate is 25-OHD.

Thus attention was directed to determining whether or not the bat had a specific vitamin =

D binding protein, and if 50, to characterise the bmdmg protein.

- Pilot expenments to assess the niost appropriate techniques to purify DBP from serum

were performed -usiug baboon serum which was feadily available in our laboratory.

- Later, experiments wcre. conducted on pooled bat serum samples. Serial column

Las
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chromatographm techmques were employed in conjunction with a number of DBP
xdentsﬁcatton techniques. The column chromatography techmques used were Afﬁgel
Blue chromatography fo]lowed hy DEAE Sephacel chmmatography (Gianazza et al.,
 1982; Taylor, 1966). The DBP 1dent1ﬁcatwn techniques used were unmunodlffumon,
- [5'1:1]-25(011)1)3 bmdmg, and ﬁna]ly $DS gel electrophorems combmed with westem blot

analysxs o

Immunodiffusion ‘studies were perfdl_"med on human, baboon, chick, rabbit and bat.
~ serum samPleﬁ. Furthermore, during the purification steps of the baboon and bat DPe

- Jsxactions off the columns were -assassegl_'_us_i;ig this fechnique for the pifesance of DBP. |

' 6.2.1 Oughterlony Immunodiffusion

Ouchterlony iinmanodiffusion (Garvey etal., 1977) was uséd_to test the cross reactivity

of the DBP from different species with an anti-human DT antibody.

A 2% anrdée solution was prepared by diésol_ving two grams of a-éarose (Litex,
Denmark) in 100 ._ml of a 0.05M sodium barbital buffer pH | 86 Onéhtnﬂony
immunodiffusion plates. were prepared in. 6 om disposable '.Pet'ri' dishes, by poﬁring al%
agarose gel which was prepared by mmng 3.3 ml of 2% agarose and an equal volume
of the sodium barbltal buﬁer The agar was allowed o set. overmght at 4°C in a

hydrated container, A circle of six wells, each with a 5 j11 capacity was punched, using
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a cutter and template kit (Miles Laboratories, England), A séventh well was punched

in the centre of this circle, and into this well the antibody (5 ), antiuman Go-

' globulm (60 ;.d/ml) (Dako Laboratones Denmark), was pxpetted The fracmns Gau)

to be assayed for DBP activity were pipeited into the outer wells.
© 6.2.2  Radial Tmmunodiffusion (RID)

To quantitatively 'meés_ure'D].?.P,. a 1% radial imrﬁﬁnodiffpsion (RID) plate (Garvey et

al., 1977), was poured as described in section 6.2.1 except that anti-human Ge-globulin |
 was added to the agasose, (3.3 ml of the 2% agarose, 3.2 ml.0.0SM-sodium barbital
buffer ij 8.6 and 100 pl of the anti-DBP antibody). | The agar was sﬂlowed to set’
' _befbi'e 32 wells (5 ul) Weré psnched; A human Ge-globulin standard (Sigm’a, St Louis) . -
‘wag diluted with dlsulledwater to produce a range of standards from 5-60 pg/ml. The |
fractions to be assayed for DEP sctivity were applied néat and diluted 1/ 10, 1] 100 and

1/500 into different wells so as to ensure the detection of 2 possible ring.

For both the Ouchterlony and RID plates, lmssimﬁm diffusion of protein into the agar
* was completed after a 48 hour incubation at 4°C in the hydrated container, '.The wells
were then filled with molten agarose and the plates washed in SL 0.3M NaCl for 12
. houts, ‘fhe solutxon was changed to 5L 0.15M NaCl for a further 12 hours and the
| plates were then extensively washed in distilled water for two hours, prior to staining
with 0. 1% Coomassie blue in 45 % absolute alcohoi 10% acétis acid and 45% distilled o
water for 15 nunutes Tha plates were de-stamed in 10% scetic ac1d 25% ethanol

65% H,O untﬂ all background stmmng has been removed :
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Figure 17.

‘The oross reactmty of bat, hahocm ch:ck rabbit and human sera to antikuman '

- - DBP annbody usmg the ouchterlony nnmunodlffuswn techmque The bat and

(b

©

- chick sera (wells 2 and 4 xespectwely) show a spur effeat.

Purified bat DBP fractions in wells 1 (37-51), 5 (52-58) and 6 (5-10). Human .
and baboon: DBP are in wells 2, 3 and 4 respectively. Purified bat DEP

B (fraction s-io): in wells 1; 3 and 5. A biank, human DEP and baboon DBP are

in wells 2, 4 and 6 respecnvely, and spur eﬂects between bat and baboon as

well as bat and human are ev:ldent

 Wells 2 and 4 contain human serum, well 3 contains the purified baboon DBP,

' ‘The 3 bat pools off the Affigel Blug column are in wells 5,6 and 1 (52-59, 5-10

and 37-51), cross reacfti\?ity_'with human DBF 'antibody,_' occurred in bat pool

present in well 6 (fractiou 5-'10). |
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A precipitation line on the Ouchfcrlony piatés became visible betWéex'l the _émtihody and -
. antigen in the agar (Figure 1‘7) 'The..rin‘gs around the wells in the.RID plates were
measured on a TG Calibrating Viewer (Transidyne General Corporation, Ann Atbor,
Michigan) and the square of each of the diameters caloulated. A gioph was draWﬁ of
- the conoentratlon of human DBP standards agamst the squam of the nng size of each
of the standards; The. concentrauon of DBP in the serum samples was read off =he

graph hav.ng calculated the square of the diameters for each of the samples

. 6231 T1-25(0H)D; binding studies

The fractlons co]lecbed off the Afﬁgel Blue chromatography column (sec Sectmn 6. 2 4

and 6.3. 3, 1) were assessed for [31-1]-25(0H)D3 bmdmg activity (fmawari and Goodman

1977,

' A]iquoté (400 ul) from appfopriate fractions were pipetted ini;o test tubes and incubated _
with 10 000 cpm [PH]-25(0H)D; (30 pg (160 Ci/mmol Amersham) in 50 pl ethanol),
Inéludad in thié assay was a blank containing only 400 p.l 0. .OISM sodium phosphate
_ buffer pH 7.0 plus [’H]—25 (OH)D;. The tubes were mcuhated at 4"'C for 2 hours, after.
- which 200 y.l charcoal/dextran solution (Sactlon 3. 1 1 2) Was added bo each of the tubes
‘except for a second blank pair to wluch was p1pctted.200 pl of buffer The tubes were
centrifuged at 3 000 pm for 10 minutes. Aliquots (500 ul) fmm each were transferred |

' 'mto countmg vials, scintillant was added and cach v1al counted for 5 minutes,
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6.2.3.2 -~ Albumin defermination .

 Albumin was measured by the method described by Doumas et al. (1971). A 0.06M
* solution of bromacresol green (BCG) pH 4.2 and 0.IM succinate buffer pH 8.4 were
- prepared. One part BCG was diluted with three parts succmate buffer 1o produce a

workmg dye solunon A5 pl sample of each fractxon to be measwred was diluted with

5 ml working dye solutmn Included in the expenment was a imown alhumm standard
(34 g/L) and a reagent blank- The tubes were vortexed and mcubated for 5 mmutes at
room temperature before absorbanccs We.re measured at 628 nm in a dual beam

spectmpbatomeber 'I'he albumin concantrauon of the fractlons was calcujated and
reported as g/L. |

6.2.33  Total protein estimation

The total protein was measured using the Lowry Folin method of Lowry et al. (1951),

which was modified to measure microgram concentrations of protein. A bovine serum

albumin standard. (Sigma, St Louis, 0.3 mg/inl) was diluted over the range 0-0.3

mg/ml. The fractions to be measured for total protein were diluted 1/50 with H,0. To
100 gl of each of the standards and fractions in duplicate, 500 ul of a mixiure of 2%
disodium hydrogén carbonate (Na,(HCO,),, 1% ~copper sulphate and. 2% sodium

potassium tartrate in the ratio of 52:0.5:0.5 was added.

Exactly 15 minutes later 50 ﬁl of Folin’s reageﬁt diluted 1:1 with H,0 was ad&ed.. The

tubes were vortexed and incubated in a dark cupboar'd-for 30 minutes. Absorbances
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were tead at 750-n_m-_and_a graph drawn The total protein was calzulated talﬁng into

- _a'Ccéunt_ the dilution factor of each of the fractions and ‘their cohcéntrations were

reported in pg/ml.

An _ estimation of protein Qoncentratlons was also detexmmed by measumxg the '

_ absorbanoes of fracnons in a dual beam spectmphotometer at 280 nm.

To purify DBP a 5 ml pool of either baboon (Ross et al., 1982) or bat serum was
 dialysed against 4 litres of a 0_.03M sodium phbsphate' buffer pH 7.0, over 24 hours,
The serum was then centrifuged at 3 000 tpm for 10 minutes at 4°C, to remove any ..

. precipitated material.

A 2.6 x9 om column was packed with an Affigel Blue slurry (50-’10‘0- mesh, Bio-Rad)

and equﬂlbrated with 0. 03M. sochum phosphate buffer pH 7.0 (Glanazza et al., 1982),

The dialysed serum sample was lﬂaded onto the oolunm at a flow rate of 1 ml/minute

" and 4 ml fractions collected. The column was eluted firstly with 0.03M sodiwm

phosphate (120 mi). Thereafter a linear gradient prepared with 20 ml 1M NaCl in

'0.03M sodium phosphate buffer and 20 ml phosphate buffer, was uSed to elute further

proteins. This was followed by 20 ml of 1M NaCL The final elution was performed

with 100 mi of 0.5M sodium thiocyanate in 0.03M phosphate buffer pH 7.0,
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‘To determme total protein content of each fracnon its absorbancc was measured ona
dual beam UV Spectmphotomctcr ¥ye Unicam at 280 nm (Fruton et al., 1958) DBP o
- was me35qmd usmg RID (_Sectn_)n 6.2.2), [BH]-ZS(OH)D3 bmdmg.was assessed as -

described in Section 6.2.3.1 and albumin measured as described in Section 6.2.3.2.

~The fractions whzch contamed the DEBP were pooled and lyophmzcd and stored at -

20°C u.ntll requ:red for fu:ther punﬁcahon
 6.2.5 Ton _e_)_t".ch_a.l,j ge ¢ hiomgtogfaphx |

| A ix 30 cm Pharmacla column was packed with DEAE—Sephacal (Pharmama) umng

0.5M ’I‘ns pH 7.5 as the equlhbratmg buffer at a flow rate of 0. 3 ml/xmnutc as

deocnbed by Ta.ylor (1986). The lyophﬂysed frac‘non from the Afﬁgel Blue- _

chromatography contalmng DBP was dissolved i in starting buﬁea: (2 mi) and loaded onto

" the column. Ten fractions (10 ml) were collect=d and this was fallowed by a 0-0.4M

| NaCl gradient in the 'I‘ns butfer, 20 fractions (10 ml) were collected and the protem o

-~ determined in all the fracttons by absorbances at 280 nm.,

The fractions were assayed for DBP activity usmg RID (Secuon 6. 2 2) and by Western

unmunoblothng (Sectlon 6. 2 7
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6.2.6 SDS polyacrylamide gel ele i< (SDS-PAGE) -

Electrophoresis' as descﬁbéd by Laemmli _(19?0); was' performed using a Mini
PROTEAN I du.al slab cell system-(Bio-Rad; Richmond .CA) Two 15% sepa'ratl'ng_'
gels, 75 mm thick wete poured u-emg the followmg reagcnts 5 0 ml acrylamxde, N,N- .
_memylene-bm-acrylannde (h1s - -,'Lanudc 0. 8 30 g/100 mi) (Bm-Rad), 3.75 ml IM'
Tris pH 8.8, 0. 65 ml 5,0, 0.1 ml 10% sodium doé\cyl sulphate (SDS) (Scrva) and 0 5

ml 1.5% ammomum per- sulphate (APS) (Blo-Rad). To polymenze the gcl 75 pl

| . tetramethylethylenedlamma (‘ISEMED} was addsd The solution was syringed as quwkly.-
as possible to a height of 120 mm between two glass plates; which were clamped
B 'to'gether in the Bio-Rad gel pourmg system To allow for even polymenzatton a small

- volume of d].shlled water was carefu]ly layered over the top of the gel Once the gcl' a

had set this was removed.

Ad% stécldng gel solution was prepared using the following reagents; 1 ml acrylamide
(bis:acrylamide, 0.8:30 g/100 ), 0.95 ml [M Teis pH 6.8, 4.65 ml F0, 0.5 ml 80%
glycerol (BDH), 0.075 ml 10% SDS and 0.35 ml 1.5% APS. To polymerize the gel
20';;1’1‘EMED was add'e_ﬁ. Aten space comb was placed -betw{recn theglass plates 2. mm
| above the separating gf:l The stacking solnﬁqn_wés' syringed in bctweén tﬁ_e glass plaﬁes :
and arouﬁd the spacer whlchformed the wells (20 pl) into which the samples we.re'.

 loaded. | o ) | |

The samples for elcctrophpresis ‘were diluted to an appmximafe concentration of 10-25 .'

pg protein pet well. An equal volume of sample buffer contéining 0.125M Tris, 10%
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b-mecaptoethanol, 4.6% SDS, 40% sucrose pH 6.8 (BDH) and 0.01% bromphenol blue

asa trackihg dye was added to each sample and the protéins denatured by heating in

a boﬂmg water bath for 5 minutes. 'I‘he sampies were: then cooled and loaded into the

 wells with a micros yringe. The runmng buffe.r (0.025M Tris, 0,192M glycine and 0.1%

~.8DS) was placed hito the lower and .uppcr buffer chambers and the gel was run under

constant voltage with a Bio-Rad power pack model 3000/300, at 200 volts until the dye

- front wa_S just visiblé at the bottom of the ge!. The sel was removed from the systém

and stained for 10 minutes in a Coom'assie' blue stain (1.25 g Coomasse biue, 250 ml

| methanol 50 ml acetm acld and 260 mi H;O) prmr to de—stammg ina 10% acetic acid,

10% methanol and 80% I-I;O solunon l.llltll all background colour nad been removed

| and only the prote.m bands were ws:ble
6.2.7 Immunoblotting; Western Blot Analysis
Fractions to be analyzed were diluted to a.ﬁn.ai pmtem concentration of 1 mg/ml. Two

B 15% SDS acryla.mlde gels were poured and parallel sets of the fractions loaded into

correspond:mg wells m each of the gels. The proteins were electrophoresed and one of

the gels was stal_ne,d with Coomassie blue. The other was alectrophrehcahy transferred
to a 0.45 um nitrocellulose sheet using the standavd Bio-Rad immunoblotting system
(Tsang, 1983). The nitrocellulose sheet was presoaked in the transfer buffer (0.024M

Tris, 0.192M glycine, 20% methanol), lowered on-the gel which in turn had been

| placed on filter papef on a fibre pad. A second filter paper and fibre pad were overlaid

and the cassette closed. The gel holder was pl'aéed into the tank together with an ice _
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pack and ﬁlled with transfer buffer The protems were transfe.rred at 80 mA Yor 90

rmnutes

 The nitrocellulose sheet was removed and washed using 0._14M phosphate buffered
galine (PBS), 19% "-Carnaﬁon Instant Non-Fat Dry'Millc and 0. 3% Tween*ZO while

gmtly shalcmg at room temperature for 1 hour Thc strip was mcubated for 1 hr in40 - -

ul DBP antlbody, 20 ml PBS 10% dry nulkand 540 p,l Tween*20 w1th gentle shaking

 and then washed three times with 25 ml PBS, 0.3% Tween*20. The final mcubauon'

solittion, containing 200 pl perOxldﬁsc—oonjugated swine anti-rabbit immunoglobulj_n

complex (Dako) diluted with 20 mi PBS, 10% dry milk and 540 ul Tween*20, was

- added to the strip. and was left shaking for 1 hour at room tcmperature Following three

5 mmute washes with. 25 ml: PBS,. the colour was developed w1th 3 mg”

manunobenmdme tetrahydrochlonde (DAB) (Merck) and 8 ,uI HQO, per 15 ml PBS The

colour development was stopped wnh extensive distilled water Washes.
6.3  Results

6.3.1  Ouchterlony immunodiffusion of five different serum samples

~The serum samples( bat, baboon, chick, rabbit and humin) v ch were assessed foi- _

DBP activity against the human antibody (Ge-globulin, 2. o} showed that all five sera

ci'oss teacted to this antibody. Tlus result is shown in Figure 17(a). The bat and chick

serum samples in wells number 2 and 4 respectively showed a spur effect to the human
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antibody. The other samples (baboon, rabbit and purified human DBP)'in wells 3, 5

" and 6 showed cross reactivity to-the antibody without the spur effect visible. -
 Thus bat serum contained a protein which cross reacted immunologically with the N
 human DBP_.antibody. This result suggested that the bat has a vitamin D bmdmg PR f
protein, which has immunological similarity to the human protein. S

6.3.2 Results of the purification of baboon DB - I

" The fractionation of baboon serum on Affigel column _chrommography gave four protein

peaks which cluted in fractions 5-10, 3742, 43-51 and 52-59, as shown in Figure 18.

Baboon DBP identified by RID (Section 6.2.2) was present in fractions 1045. The
: .ma.ximum DBP Iac.tivity was measﬁred in fractions 18 émd 42 wiﬁ concentrations"of 60
mgiL and 57 mg/L respectwcly Using the bmdmg of PH]-25(CH)D, (Sectmn 6. 3 1)

as another indicator of DBP actmty, there were two distinct pinding peaks (Flgu i o

The first occurred between fractions 8 and 36, and the second between fractions v

Thc SDS PAGE electrophozesis results of the ﬁve pooled fractions 5- 10 ll-Jb, 37-42,
43—51 and 52&59 are: shown in Fxgure 19. A prowin of snmlar molecular weIght to pure
baboon DBP was present in the pooled fractions 11-36 and 37-42. The last two -

absorbance peaks (43-5 1, 52-59) eluted off the column were predominantly albumin

(Figure 18). Using the RID technique and human DBP as a standard '(60 mg/L), most

R




Figure 18,
: Aﬁ'igel Blue column chromatography of babocn serum. A 2, 6 x e column was

| packed with Afﬁgel Blue and 70 ﬁ'actxons (4ml) were collected. The fmcuons were |
each assessad for total protein at 280nm €, albumm E—a and mm-zs(omns bmdmg -

G---) 5 peaks fractions 5-10, 11-36 3’?-42 43-51 and 52-59 were noted.

'-'a.




(%) Bupulg *a(HO)GZ He

d © o
I ® - 2 o

0 s Lo 1 | ]

(1/8) upwunajy

=] o o o K=

< ). ) ? )
W «f ] ol - o
]

-
[
L

I C ey e T s .._....:I...I.-.lql...l_
- T g &

meenme JOBN ANIEIOW
_ T 1 _......._ T T .._ 1
S o 9§ o 9 9 o 9 o
e M~ o 5 < o3 o™ -

(QO) wiupgz 3¢ eouBqIOSqY

" Fractions (4ml) .



131

' f‘igure 19. |

15% SDS-PAGE electrophoresis of the pooled- fractions obtained after Affigel Blue

' chromatography of baboon serum. Pool 2 (11-36) contained 2 single band which was

identified as DEP by RID,

. o5
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of the DBP efuted in fractions 11-36. The apparent concentration of baboors DBP in this

pooled fraction was 47.5 mg/L. The cross reaciivity of the baboon DBP to the human
 antibody is clearly shown in Figure 17 (b aud c) of 4 Ouchterlony immunodiffusion

 plate.

'The total protem content of the pooled fracnon 2 (1 1—36), measured by the Lowry_

' method (Secﬁorl 6.2.3. 3) was 36.3 g/L
" 6.3.3 Purification of fruit bat DBP '.

6331 Affigel chromatopraphy of bat serum

The analogous Afﬁgel column separahon of bat serum ylelded three protem absorbanca |

peaks, fractwns 5-10, 3751 and 52-58 (Flgure. 20).. The seoond and third pmks were
agam identified mamly as albunun (Flgure 20). Bmdmg stud1es using [’H]-ZS(OH)DS

(Section 6. 2 3. 1) ShO‘Wed binding widely distributcd in fractions 4-55, wﬂh poorly .

deﬁned pegks present indicative of poor binding to PH]-25(0H)D,. Using RID 23 a tool

for identification of DEP activity, immuno reactivity was not detected in any of the

 individual fractions,

However when the fhree pools (pocl 1 (5-10), pocl 2 (11-36) and pool 3 (37-58)) were

_conceiltl'ated and assayed separately for DBP activity using Ouchterlony

immﬁnadiffusion, cross :reactivity' to the humhn DBP antibody was shown to be present

" in pool 1, fractions S-10 (Figure 17 (4).
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Figure 20.

~ Affigel Blus column chrotatography of bat serum. 70 fractions (4mi) were collected
and each assessed for tal protein absorbance at 280 nm ¢-); ablumnin ¢ and [3H]-
25(OH)D, activity ¢-3. The 3 fractions pooled were 5-10, 11-36 and 37-58.
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Figure 21,
15% SDS—PAGB elecn‘ophorems of the pooled fractlons obtained aftar Afﬁgel Blue

chromatography‘ The bat DBP eluted in pnol 16 10)
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15% SDS-PAGE electrophoresis of human DBP (lane 5) and bat DBP (lane 9), run

~ against molecular weight standards (lane 2).




et e Aaram ek

o e g e

RE000mm

et e

o ghf’xén' .,--

12500

Lo
o

. : X + u-dpFeE

G800 i R

910




Ay

4o

Figure 23.
The determmatton of t.he relatwc molecular we1ghts of the bat and human DBP
determmated by SDS-PAGE electrophorem Human DBP had amw of B and bat

DBP had 2 _mw of 61 600, usmg mformatlon extrapolated from _ﬁg-ure! ‘2.2);
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| Electrophorems was pe.rformed usmg , known molecular welght standards commermal .

~ human DBP and the pamally punfied baboon DBP plus the three fractlons off the bat
| Affigel column chromatography (Figure 21 and 22). There appeared to be a major
proheln band ment in pool 1 (ﬁ'act:ons 5- 10) whlch mlgrated dlfferently to the human
- DBP (Flgl.ll’e 22) This pool showed cross rencnwty to. the human DBP' 'ntxbody as

. shown in Flgure 17(b)

.~ The molecular weight of this'm'ajor. pmﬁejn "was defemﬁned .by the k‘x’mwﬁ MW marker
 proteins to be 61 600 Daltons as shown in Eig_uré 23. This protein was considered fo

~ be fruit bat DBP by its immuno crbss reactivity to the human DBP anﬁboay (Figute =

| '17) The size of the human DBP as detemuned in t!us same eXpernnent was 56 340

| _Daltcns (Flgure 23)

Ina further purification step of the pooled fraction 5-10 off the affigel column, the bat
 DBP eluted off the DEAE Sephacel column in fractions 18-21 as shown in Figure 24,

These fractions showed poot immuno-reacﬁvity to fthg antibody by RID.




DEAE-Sephacel chromatography of the parually purified bat DBP. 30 fractions (10m)
were collected and absorbance of each measured at 280nm. Fractions were assested for

 _DBP a’ctii’zity by RID. Immuno-_cross-réactix}ity was Shown_ to be preSent in fractions 18-

21.
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Figure 25, -

Western Immunoblot of the partially purified bat and baboon DEP.
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6.3.3.3 Bat DBP identification by Western Blot "

 Practions 18-21 off the DEAE Sephacel column were electrophoresed and western

unmunoblotted onto mtrocellulose Fractions 18 and 19 showed strong 1mmuno Cross

| reacnwty to the human DBP annbody (Flgure 25)

6.4 Discussion

Vitamin D and its metabolites in the serum are bound to a specific carrier protein. On

investigation, the bat was found to possess a vitamin D binding protein, Fruit bat

vitamin D binding protein appears to be different from those of other mammals, in that

it eluted differently to baboon DBP on Affigel chromatography, on SDS

electrophoresis, and on Wesiern immunoblotting. |

' Izhmunodiffusim and imm'.moblotting confirm the presence of a sd_bstanc_;_c that cross

* reacts with human DBP antibody and thus it is assumed to be DBP. Bats therefore like

all other animals witk skeletons have  cizculating DBP that is capable of sterol binding
with thc vanous vxtamm D metabolites (Hay and Watson, 1976 a and b; Hadiad

1984)

Although DBPs are phytogenetically conserved (Hay and Watson, 1976 a and b;

Haddad, 1984), small differences in DBP structure and their binding properties may |

occur (Hay and Watson, 1976 a and b; Haddad, 1984), Fruit bat partially purified DBP
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(61 600D) has a higher malecular weight than thet reported for humans which was
assessed at 58 000D by Haddad (1987) or at 56 340D in our laboratory.

Furthermore, cross reactmty of fruit bat DBP with the human antlbody was poor,
showmg a spur effect on 1mmunodiffusmn whmh again oenﬁrms the fnnt bat DBP is |

not idéntical to that of pnmates

“The fruit bat like many other animals such as fish, repiles, birels and monotremes
- appéa;s to imve a DBP pr&éent_ (Hay and Watson, 1976 a and b). Fruit bat DBP does
‘show poot hinding to 25(O)D (gigurs 20), thus it is possible that 25-OFD in the bat
 is circulating -_15rge1y in its fres form, which could account for the undetectable scrum

. concentration.

‘Low affinity of DBP for vitamin D metabolites could lead to an increase metabolic

 clearance of 25(OH)D (Bouillon, 1991) primarily through catabolism in the liver.

No comment can be made about the affinity of the bat DBP for any of the vitamin D

| 'metabolites_ as studies in this divection were not undertaken.
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6.5 - Conclusion

* The fruitbat does have a detecable vitamin D birding protein, This binding proteinbas |,
2 molocular weight of 61606+ which is higher than that of the human (56 340D). I o
" does however have some mmﬂant} to human DBP. This fact is demonstrated_ by its o
cross reactivity (although poor) to the human DBP antibody by immunodiffusion )

analysis, B TR : . _ - a
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__”CHAPTER"; S

The Utilisation of Vitamin D, or Vitamin D, by the Fruit Bat
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7.1 Introduction

Having demonstrated that the bat has measurable levels of serum 1,25(0H),D and that

the ammai is able to convert vitamin D to 25(0H)D and 1,25(0H),D, the source of .

vitamin Do nocturnal free-hvmg frugwores was stﬂl unclear

Vita'inin:'Dg is exclusively formed i‘n-tﬁe skin of animals under the influence of UV
]igﬁt, while the vitamin D, is dic arily omaimsd by its_ formation from the UV
irradiation of ergosterof, a plant and fungal sterol. If the lattar was shown to be the
major cu'culatmg form of the vitamin, it would suggest that the sourCe of wtannn Din

the fruit bat is f:om plant material.
The question as to the source of vitamin D for the fruit bat remains unanswered.

It is. pdssible‘ that the low ult;éyiolet .ﬁght intensity during crcpuséular-fofaging’ is
" sufficient to aciitate vitamin D produetion. Evidence for this s provided by an in vitro
study .o_f vifamin D synthesis from '7-dehydfoclxplesteroi. In Johannesburg although |
_ _. ~maximum vitamin D synthesis occurs around midday, significant amounts of previtamin
_Dwere formed between 08h00-09h00 and 16h00-17h00. 1t is ﬁlus po'ssible that dﬁ_ring
thé sumiﬁer months, 'sufﬁcient UV light might be -availﬁme to produce vitamin I) in thé
skin of bats in the early morning and evening (Pettifor and Holick - unpubhshed data
pers comm) Altematweiy, the bat might use a dletary source of this vitamin to
maintain ciroulatory levels of 1,25(CH),D. Possibly dietary sources are the fruit, that.
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these animals eat which might contain ergosterol, Fungi are known to produce vitamin

D, (Gardner, 1988) and these fruit symbionts migh be the vitamin D, source,

- In order to determnu: whether endogenous v1tanun D and metabolites i in the serym of
the fruit bat was derived from 4 vitamin D, or vuauun D3 source, serum 1 25(0]51)2}:)
‘was separated mto either Dz or D, metabqhtes by HPLC.

72 Methods
7.2.1 Preparation of the serum samples

' The expé:iment_ wa_s'dpﬁe on three serum -sampies_ each prepared ditféréntly."rhgse _
Werei- 2 pool sample of wxld bat (1 ml) se.rulh, a human (1 mi) _sﬁrriplé and a ﬁﬁman
(1 ml) serum sample to which was added 200 pg 1,25(CE);D,/50 ul ethancl. A
staﬁdard of 200 pg 1,25(0H),D, plus 200 pg 1,25(CH),D, diluted in 50 i é_thanol in

1 mi salme was used as 4 control.

' The santples and standard were extracted, chromotographed as described in Section
3.1.1.1, and then subjected to HPLC (straight phase silica gel) using the solvent system
(hexane: methanol; diéhloromethané (85:5:7.5)) describe& by Jones (1980) which is
kmown to separate 1,25(0B),D, from 1,25(OH),D,. Forty fractions (0.5 ml) were

collected, and evaporated to dryness.




@

©
@

®

53

Figure 26.

The separation of authentic 1,25(H),D; and 1,25(OH);D, eluted off HPLC

| using the. solvent - systein hexane methanol dlchloromethane (85 5 7.5) as

measured by absorbance at 264nm

Authentic 1,25(0H),D, and 1,25(0H),D;,

' human serum to which was added 1,25(CH)D,,
| hﬁman serum and |

~ bat serum,

The samles (b,c,d and €) were extracted and chromatographed by HPLC using the

solvent system described in (a) and the eluted fractions (0.5ml) were measur ' in the _

| calf thymus receptor assay for 1,25(0H),D actmty 100% binding of 3[H]I ,25(CH),D,

is equwalent fo zero concentrauon of the 1,25(0OH),D metabohte
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As no radiolabeiled 1,25(0H),D, was available, the presence of 1,25(CH),D, was

‘detected by' the use of the'réceptor binding‘ asséy Each fraction was redissolved- in 100

~ pl ethanol, Two 30 p1 aliquots of each iractlon were assayed for 1,25(0H),D act1v1ty

using the calf thymus receptor bmdmg assay as descnbed in Secttcm 3.1,1.3,
73 ult_. _
7.3.1 Utilisation of vitamin D, or D; by the fruit bat

Figure 46(&) demcts the UV tracmg of the fracuons elutmg off the HPLC column, after

having been loaded with authentic 1,25(0B),D, and 1 25(0}1)313, 1,25(CH),D, eluted

in fracuons 25-28 Whﬂe 1, 25(0H)3D3 eluted in fractlons 31-35. A clear separanon of -

the two metabolites was obtamed

.~ The radio- -receptor bmdmg assay, utlhzed to detect 1,25(0H),D, a.nd 1 25(011)2D3

y;e.lded similar results (Flgure 26 (e)) Once agam, clear sepa:auon of the two

meta_bohtes was achieved.

Extracuon and separat.lon of the 125(0H);D metabolites in normal hurnan serum

yielded two distinct peaks, the first smaller peak in fracuon 23 and the laxger peak in

fractions 30-31 (Figure 26(d)). Addition of authentic 1, 25(0H),D, to the serum prior
1o exttactmn, resulted in a marked increase in the size of the early peak indicating that

this peak was 1,25(CH),D, (Figure 26(c)).
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The extraction and chrdmdtography of bat serum yield "4 two almost equally size peaks

at the elution position of 1;25(0H),D, and 1,25(0H);D; (Rigure 26(c)).

7.4  Discussion

Although it has been established in Chapters 3, 4, 5 and 6 that fruit bats possess the

~ enzymes for D, metabolism and naturally have measurable 1,25(0H),D, the source of -

vitamin D is still not known. In the preceeding expﬁﬁmeﬂt_s anaitempt was made to

esta i -ible sources of vitamin D..

Vitams ¢ . obtained from the consymption of animal 'pr-oducts namely

muscn and ta 472) or endogenously Syntheslzed after UV 1rrad1at10n of the

skin (Hohck 1984), whereas vitamin D, is obtamed from the consumptmn of madlated :

plant t!SSue-(Boland,' 1936). Recen.tly bacteria haVe been shown to pro.duce metabohtes-

(oxy- and giyco#ylated)- of vitamin D, (Gardner et al., 1988) ai these metabolites are

. thought to be a'sourge of vitamini_Dg in herbivorous rnarhinals (Gardner et al,, 1988).

Man, bemg an ommvore (consummg both plant and ammal products) naturally has _

-serum concentrations of both vxtamm D, and D3 metabohtes {Mawer, 1972) htat:rnn -

D, levels are usually substantially pigher than the vitamin D, as man mammms his

 vitamin D status primarily by obtaining the required vitamin D from the conversion of

7-dehydrocholesterol to vitamin D under the influence of UV light. 7" ; diet generally

;COHtaiﬁs little vitamin D unless the food is fortified (see Sectidn 1.'3)_. Human serum in
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 this study, showed measurable amounts of 1,25(OH)D; and 1,25(0H);D, (Figure
26(d)); with 1,25(OK),D, levels being approximately twice that of 1,25(CH),D,.

Somne ammals dlscnmmate against vitamin D, metabolites; the turkey (Horst__et'. al.,,
1981j énd pig (Horst et al 1982) have no dehectable 25(0H)Dg, but measurable _'
_25(0H\D3 levels (17 o and 44.4 ng/ml respectively) The cow (Sommerfeldt et al.,

| _' 1980) and chick (Horst et al., 1981) do have some 25(0H)IJ2, but appear to favour the
25(OH)D; form of vitamin D. The borse has both 25(OK)D, and 25(OH)D;, both of
which bemg < 4 ng/ml (Horst et al 1981), almost at non-detectable concentrations
| when measured using acceptable assay methodology. Sheep on the other hand appear
to utilize both forms of vitamin D '(_Iibrst et al., 1981), alti_lough 25(OH)D, appears to
. be favoured, | | B | | |

" When authentic 1 _,25(0141)313; and i,-zscomzrg wete eluted off the HPLC (Figure
-26(a)) and assayed (Figure 26(b)) the peak .1,25(OI-I),D2 occurred at fractions 25-28 and
'_the 1,25(OH),D; at fractions 3134, Bat scrﬁm shows similar peaks (Figure 26(¢)) ln '

fracﬁons 24-27 aﬁd 3132, These data clearly SUggeSt the presence of both 1,25(0H),D,

~ and 1,25(0H),D; in bat serum.’

Thus, bats like many other animals (Horst et al., 1981) probably acquire vitamin D2
threugh the dlet but also produce some vitamin D;. endogenously The skm of fruit,
2 possible source of vitamin DZ, is generally discarded by these animals. I-Iowever it

| is.possible that during and after a meal while grooming (Chapter 1, Section 1.9),
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vitamin D, is swallowed and although ot directly chosen for the meal, the fruit skin |

could be the source of this vital substance.

.Sdurce:_’.._of_ vitar_nin D, f_na__y be mord varied, gut flota e.g bactena) tmght serve as a
sou:rcé uxwtamm D, as they do in other herbivorous mammals (Gardner et al., 1988) N
. Fungal growth on rottmg frult might also produce thig vmmln which could then be
dietarily acquued (Gardeser et al 1988). Another posmblhty is that bats mlght be _
: unique amongst mamma}s and pmduce vitamm Ds by endogenous meari§ in pmcesses

. that do _not require the presence of ultraviolet light. This has yet to be tested.
7.5 Conclusion

: ”I‘he results of the preceedmg study mchcate that the serum of wﬂd bats contain both

1,25(0H),D, and 1,25(0H),Ds. 1t is unclear how the bat obtains these two forms. Ttis

posmble that vitamin D, is obtained by dwtary means from the skin of frllltb. How the

bat obtains vitamin D; is unclear, It is possible that funigi are a d;etary source of D, |

Alternately fruit bats might receive some U. V. light during their dawn and dusk forrays

to endogenously produce this substence. Further work in this area ficeds to be-

performe °,
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 All anisnals [invertebrates (Riever et al., 1988) and vertebrates (Norman, 1990)} require

and ytilize vitamin D. The fruit bat is no eXcepﬁon to this genéra]ization in that it has o

the full oomplement of enzymes needed to use this endocrine system. Howevcr in the |
wild, the frmt bat has no obvmus source. of thls vital hormone and appears to be
| natura]ly v1tam1n D deﬁclent, without any pathological evmence that this preSents |

problems to the ammal
© 81  Vilamio D Statug

The pnnulpal circulatmg form [25(0H)D chapter 3} was undetectable. Serum levels
of 25(0OH)D are routinely used as clinical indicators of vxtamm D status (Audran and '
Kumar, 1985; DeLuca, 1984) and the lack of detectab]e 25(0H)D serum concentrations
.suggest an nnpovenshed wtamm D slatus Further ev:denoe for th:s is the relahVe.
p_roporﬂons (1:1.7) of the more polar m_etabohhes {24,25(0OH),D and _1,2_5(OH)2D)
produced after labelled 25 (OH)i')s' supplementatioﬂ (Ta.ble 6). The greater degree of lo-
hydroxylase activity than 24 hydroxylase achvity is indicative of a vitamin D deficient
.stam. Elevated lo-hydroxylase actmty could lead to the rapid conversion of avaﬂable.
25(0OMD, and explmn undetectable levels of this, the principai cl,rculat_mg metabolite, |
Recéntly, however, undetectable leveis (<4 nglhﬂ) of 25 (OI_-I)D have been reported in -
| several free ranging mammais [é. g horQeS'.(Ht_.Jrét etal., _1981)' and bathyergid rﬁol_e réts '
-(Buffenstein et al., 1991)] with no obvious p#ﬁlological éffects. Other vertebrate phyla
inost notably fish [cybl_ostomes (Lampr‘ejls)_, carﬁlagnqus ﬁsh'(sharké), tclets _(carp)] .
and amphit___)ié} [bull frogsj also have members with undetectable 25 (OI-_I).I._) .c':onqentr'ations
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(Kobayashi et al., 1991; Takeuchi et al., 1991). These data suggest that 25(OH)D may

not be as accurate an i_n_f:licator of .vitamin D status (Walters, 1991), but rather, .!fhe

~ active hormone, 1,25(0H),D should be used as an indicator of vitamin D status. Inn nuic

bats, 1,25(CH),D was present in both captive and wild bats (Table 3). These serum

© concentrations, however, (Table 3) are at the lower erjd of the normal range for

mammals (Blorst et al.,1981; Audran and Kumar, 1985). This could reflect a natural -
vitamiin D deficient state, to which bats have adapted and which does not present

~ pathological problems. Tt low levels of 1,25(0H),D, naturally present, are therefore

adequate to regulate physiological systems dependent on vitamin D and might indeed

- reflect the animal’s evolutionary status' and long term adaptation to their habitat.

8.2. Vitamin D endocrine system o

The vitamin D endocrinie system appears to be phylogenetically conserved throughout

the evolutionary time frame, in that even inver -ates (Weiner et al., 1979), and

pﬁmiﬁve'verte_brates appear to employ the full _complement of enzymes (Kobayashi,

1991; Takeuchi et al,, 1991). It is not surprising therefore that bats are similar to all |

 other mammals studied to date (DeLuca, 1984; Haddad, 1987; Norman, 1982; Skinner

et al.,, 1991), They possess the full complement of enzymes, as shoWn.by the

'conve:_rsion of [*H] vitamin D, to [:‘H]-ZS'(OH)Da. This inturn was further metabolized
to the active hormone, [PH]-1,25(0H),D; (Chapters 4 and 5). Furthermore the binding
proteint (DBP), (Chapter 6) necessary for a functional vitamin D endocrine system, was

) pregent, and fouﬁd to have a molecular weight of 61 600D (Chapter 6). This binding - -

protein is slightly larzer than that known “or man (Haddad, 1987) and for baboon (Ross
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et al., 1982). Size no doubt réﬂccts species \diffefences, as most species studied to date
possess DBPs w1th umque molecular weights. The d:fferenca 5 in size are, however, not

thought to influence the functlonal propertles of DBP (Haddad 1987)

Opperman et al. (1990) have shown that fruit bats possess vitamin D dependant

calbindins in the classic target organs. These findings confirm that the vitamin D

endocrine system in fruit bats is not vestigial but rather is active, albeit at lower levels
of actwe metabohte than normai vxtamm D replete mammals, These conoentratmns may

be smﬁclent to regulate zmncral homeostasw.

Vitamixi D metabolism in fruit bats might be different to other mammals, in that

25(OH)D is undetectable in serum, These undetectabls serum concesttations might be

explained by: 1) a limited vitamin D substrate and 2) stimulated lo-hydroxylase

" activity. As the anirals are not exposed to sunlight and only forage before dawn and

 after dusk, they do not appear to have an endogenous source of vitamin D. The only

dietary source of vitamin D could be that obtained from skins -of fruit and fungal

activity in rotting fruxt. As there is only an mtmmttent and scarce supply of vitamin

D, the vitamin D substrate could thus be Imutmg and the smail amounts of 25(0H)D

produced from this substrate would be rapidly converted to the more polar metabolites,

Evidence that this is indeed the case, is that there is a graded increase in tile'producﬁdn

of both the renal dmydmxylated metabolites Wlth 1ncreased 25(0H)D substrate (’I‘able. -

6, Chaptex 4).

s
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It is well dogﬁﬁ‘xeﬁbed that the lo-hydroxylase activity is elevated and the 24-(R)-

- hydréiyhse\'-snpi)?cssed when the vitamin D Snpgiy i8 Timited (Henry, 1992). Relative -
. réﬁos of the two renal vxtamm D meﬁboﬁ@s produced confirmed this to be true in the
fruit bats, for twweas each '1,25_(011)21) _is,pru&ucéd-m comparison to 24,25(0H),D

(Table 6, Chapter 4). Elevated 1a-hydroxylase activity would use up the available

25(OH)L substrate and may explain the undetectable concentrations of 25(OEDD.

- The tegulation of vitamin D homeostasis in the fruit bat appears similar to that
reporhed for: other mammals (Fraser, 1980} mcludmg, subterranean mole rals,

| _(Buffenslaem et al., 1991) In mole rats, which natura]ly have an 1mpovcnshed vilamin

D stams the l-hydmxylase activity was mgmﬁcantly mcraased compared to that of the
24¢ droxylase' acilwty (Buffenste.m et al., in press). The .productlon of both
24 25(0H)2D and 125(01-[)2D mcreased with mcreamng doses of 25(0H)D

| admmmtered when vitamin D depleted animals recelved 25(OH)D, (Chap’mr 4. The

levels at the _lower dose of 25(0H)D, given (2.1 ng/bat) were belo f_the detectable

levels of 1,25(0H),D, when measured in our receptor binding assay (section 3.1.1.3),

 The concentrations of the active horméne 1,25(OH),D, produced during that experiment

(Table 6) was similar to those found in freshly caught wild bats (Chapter 3), Thig

finding suggests that wild populations of bats receive some vitamin D for animals given

 the highest ZS(OH)D3 supplement (21 nglbat) had h1gher 1 25(0ng concentraﬁons

than £reshly caught bats
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In captivity the diet of the bats was strictly controlled in that most of the fruit was

peeled and/or was washed. Pruit bats,_ kept on this diet without vitamin D, exhibited

. '_sefum 1,25(CH),D Qonbcntrations, which were 4 x I_ess{ than that of the wild caught

animals; Suggesﬁhg that th'e fungal contamination of the unWashed fruit skinis a source

of vxtamm D In the serum of wﬂd bats both 1 25(0H)2D2 and 1 25(OH)2D3 Were

detected (Chapter N, thus shomng that there are two sources of v1tamm D for the fruit

bat, It is well documanﬁed that wtamm D, is presaut in plants tlssue, Boland (1986),

also found wtanun Dylike subsiances present in plants which might explmn the

presenoe_of both vitamin Dy, and Dy in b_at_serum samples (Chapter 7). Alternately

fungi, present in rotting fruit skins might be the rqurce of vitamin D5 (Gardner et al.,

1988),

One can'conclude"that'in the wild, vitamin D substrate is limited. Bats most likely do

* not endogenously synthesize vitamin D but réth:r' rely on dietary sources for this vital

contpound,
8.4  Mineral homeogtasis

Serum concentrations of calcium and magnesium in both freshly caught and I ig term

captive 'coloni_es (irrespective of vitamin D, supplementation), were tightly regulated

(Table 3). These data confirm that éven in the absende of vitamin D, supplementat_im

and with the naturally undetectable_25(UH)D senmi concentrations, the endocrine

system confrolling mineral homeostams funcuons adequately. This could 1mply that

. calcmrn homedstasis in the fruit bat is mdepeqdent of vxtamm D status, however tho .
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tendeocy for serum' calcium levels to be lower'a'.nd'to have greater votiabﬂity in those

- animals kept in captmty ona wtamm D deplete diet suggests ﬂ\at wtamm D mxght be

' neoessary, although the concentraﬁons requlrod appear to be lower than found i in other

mammals, -

‘85 Conclusion

Fruit bats aopw to belong to a small group'of animals that -natorally have limited'

'_acoess to vitamin D and have to be pmlmomous in their vitamin D metabohsm Al

these animals. are. faoed thh no obvious source of wtamm D and/or madoquate

'oxposure of the dermal layer of skin to the ultravmlet hght The primary source of
- vitamin D in fruit bats__ is therefore thought to be dietary, _r_ather than e_ndog_enous

(Chapter 7). This sourcs is however limiting, with the result that the available substrate

is converted to the active metabolite and litle, if any, vitamin D-is present in

circulation as 25(OH)D (Chapter 3). The quantitj .of _1‘;25(€}H)2D produced, although
oomparaﬁyely' lower than in _-.most mammals, is sufficient to ensure ado'quate function

 despits the impoverished vitamin D status. 'The vitamin 1> endocrine system in fruit bats

is thus finely regulated and no different in (a)_its complement of enzy_loos (Chapter 4

and 5), (b) its mode of serum transport (D_BPs, Chapi:e.r 6), and (¢) action [CaBP

 (Opperman et al., 1990) serum mineral homeostasis, (Chapter 3)] fo that in offier

mammals,

The fruit bat is thus well adapted to face the ocophymologlcal problems encountored in

Cits mﬁleu, especially with respect to 4n absence of an obvmus source of v1tam1n D

LG
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