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The effects of ethylenediaminetetraacetate (EDTA) were sttidied in rats. Intravenous 
infusion of 4.84 mhI Na,E.DTA increased the urinary excretion of calcium sis-fold, phospliorus 
three-fold and hydrosyproline 55% in 158 g thyroI~aratliyroidectornized (TPTScd) rats. 
Calcitonin (25 MRC mU/rat/h) abolished the sodium E1>TA-induced increase i n  hydroxy- 
proline excretion, presumptive evidence tha t  soditlm EDTA \vas acting on bone. To determine 
whether the changes induced by sodium EnTA are diie to lowering of plasma cnlciuni, rats 
were infused with 4.84 mhl ethylenebis(oxyethylenenitrilo)tet.raacetic acid (EGTA), a more 
specific calcium chelator. EGTA increased t.he urinary ex6ret.ion of calcium and pliospl~orus 
(P< 0.001) but not hydroxyproljne in thyroparathyroidectomized mts. Fnrthermore, \vlien 
TPTSed rats were infused with calcium EDTA (4.84 nib1 Ca,EDTA) in order t h a t  ionic 
calcium concentration would not be altered, hydroxyproline excretion was ngain nwkcdly 
increased but phosphorus excretion was decreased by 26%. Since the  displaceinent of the 
sodium ions in Na,EDTA by calcium in vivo is instantaneous, and siucc calcium ISDT.4 itself 
induces collagenolynis, the increase in urinary hydroxyproline escretion due to sodirini EDTA 
cannot be attribntcd solely to lowering of plnsnia calcium. From these dktta two conclusions 
are drawn. First, sodium 13DTA enhances bone breakdown independently of its effect on 
parathyroid hormone secretion. Second, sirice bone plays a major role in the m;~jntcnance of 
plasma calcium, interpretation of rosults should be niade with cirution in those irl\-cstigntions 
in which EDTA is used to  stndy calcium liomeostasis. 

K e y  words: EDTA -- Bone resorpt,ion - Parathyroid hormone - -  Calcium - ITydrosy- 
proline. 

Introductiori 
Ethylenediaminetetraacetatc (EDTA) has many tllcrapeut,ic and investigative 

applications in man and 1aborat.ory animals. It has been used l o  t,rcat lcad 
(Rubin el al., 1953; Andrews, 1961) and iron (Simpson and Blunt, 1960) poisoning, 
to  lower plasma calcium ill hypercalcemic patients (Holland el nl., 1953 ; Hessman 
and Doorenbos, 1957), to  t,est for parathyroid insufficiency (Jones and I' 3 ourman, 
1!363), t o  produce hypocalcemia in order to study calcium lioineostalic coi~trol 
(Copp, 1957; Waron and Rich, 1969) and to  evaluate the interrelatiunship of 
parathyroid hormone and growth hormone in the regulation of plasinn calcium 
(Gerschberg e l  ul., 1967). Hitherto, in the interpretation of results of invcstig a t' ions 
of this nature, only the metal-chelating property of EIXCA lias been considered. 
Recently, while attempting to lower plasma ionic calcium levels in t,iiyropTra- 
thyroidectomized (TPTXed) rat,s, we observed t,liat intravenous infusion of 
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sodium ED’I’A x~inrldly increasecl urillary hydroxyproline and phosphorus 
excretion. Since rnet.al chelates of ElITA cause renal (FoIeinaii el c r l . ,  1953 ; 
Foreinan and Nigrovic, 196S), hepatic (lteuber, 1967) and iiitestinal ( ~ 1 ’ o n S O J l  

el al., 196s; Aronson and Rogersori, 1972) lesions, t.he present stitdy \\.as ~undcr- 
taken to  investigate whether EDTA might also affect bone collagen, and if so, 
determine whether it,s effect, is secondary to  lowering of plasma cdc i iun .  

illaterials arid 3Iethods 
Nale Wistar rats weighing between 129 and 219 g uere used. Since EDTA, by lo~vering 

plasma calcium might affect the secretion of pnrathyroid hormone and calcitonin, all mimals 
were surgically thyroparathyroidectonlized and miiintained on replaceineiit tllyroxitle 
(5.0 pg sodium-L-thyroxine/lOO g body weight/day, siibcutaneonsly). Only rats with plasma 
cnlciuni of 3.50 mequiv/l or less two days postoperatively werc used in siihequent stiidies. 

Solutions of Kn,EDTA, Ca,BDTA, ZnEDTA and EGTA wcre made in 5% dcst,rose at, 
a concentration of 4.S4 ntbI, and t,he pK adjusted to between 7.0 and 7.4. Synl.1ietic 11uinnn 
calcitonin (Ciba-Ckigy Ltd., Hasle) with a potency of 100 3IRC units/nig was dissolwd in 
neutral 5% dext,rose and the eoncentration adjusted to 6.3 mU/ml. I’arat>hyroid oslract, 
(Eli Lilly Parathormone containing 100 USP units/nil) was diluted with 6% deslrosc to a 
concentration of 3.3 USE’ units/ml and the soliition adjusted to pH 4.05 since 11 precipitntc 
was formed at neutral pH. 

Each animal was luounted in a restraining eontnincr designed to facililnte eolleelio~~ of 
urine and a lateral tail vein cannulated. Using a mnltichnnnel Technicon nutonnalyzcr ~III~~I, 

rats were infused a t  the rate of 3 nlI/li. Except as otherwise indic;ited, nni~nals were iiiii~scd 
with 5% dextrose soliition for 1 G  to 20 h before sdmir~istration of k s t  substnnces. 

Specific Iwvesfigafions 
1 .  T?i/iision of Sotliioii, Culciuiii uiid Ziiic EDTA. To in\-estigate the effects of metal 

chelates of EDTA, rats were further infused with 5% destrose for n control period of 3 or 4 11 

nnd then with cithcr sodium, calciiiiu, or zinc EDTA for it similar period 
2. Si~n.zrlhneoiis Infusion of Sodium mid Galciloni?~. These studies n ~ m  carried out. to 

determine .rvlietlier the effects produced by EDTA were due specifically to bone i,esoiytion 
since breakdown of skin might cont,ributc to hydrosyproliriiiria. Ten rats x \ ~ c  infiiscd \\.it11 
sodium ED1’A, plI 6.5, for 4 h. Half the nninials uwc  tlicn further i~ifusetl u.it,h sodium JCIYYA 
while the other h l f  received both sodium EDTA and calcitonin sirni~llm~eoirsly for nijotlicr 
4 h. To determine the effccts of calcitonin alone, 4 rats were infused t l - i l l i  5% dcxlrose for 
4 11 and dextrose. and calcitonin for a siniilar periotl. 

3. Sintdtutieoits I? i jus io i i  o/ P’/’1!: und Cuki!o) i i )~.  The piirpose of this st,irclj. was i o  detrr- 
mine whetlier the effect of calcitonin on pnratliyroid hormone-induced colIagc~~ol~-sis is 
similar to its effect, on collagen brenlirio\vn induced by sodium EDTA. All nits ~ ~ 0 1 ’ 0  ir~fiiscd 
wit,li 5% dextrose for 2 h. Subsequently, half \rere given pnrnthyroid hor~none for 3 I1 and 
then parathyroid hormone and calcitonin for fnrther 4 11. TIie rernaining n n i n ~ ~ l s  wcro infused 
with parathyroid hormone for 7 h .  

4.  Lo?ig-ternb Admiiiistrutioit of Calcium EDTA. Two groups of iiiiininls worc stirdied. 
RRts in one group received subcutnneous injections of 21.4 mg of cdcitiia ISI)TA lirjec daily. 
Control animals received solvent vchicle. Or1 the twenty-first day each I X L  t ~ ~ i s  hydrnted by 
gavage with 10 mi of distilled water, pu t  in a stainless steel nietabolic cage, :end ~rrino collectrd 
for 4 h. Anirn;ils wcrc tlicn anaesthetized, bled, a n d  the right fcnliir of each rat. disscctcci oiit. 
and rleaned of soft tissue. Each bone \vas broken in two and the niedullnry c:tvit,y ~ i ~ ~ s l i c d  frec 
of marrow with ice-cooled distilled water. The al)donmi of ear11 ar~iiiinl \viis sliawtl nnd n 
sanipk of &kin frec of underlying tissue obtained by dissection. TIlc skin Iiiopsirs WCJ’C fixed, 
sectioned and slniiied \\,itti either liernatosylin and eosin or Masson. Tlw Intder stain itlcnlifjcs 
collagen. 

5. IIi/m%nt of EGTA. This investig;rt,ion W‘BS designed to detrrniiiic \ I . J I C ~ I I ~ I .  the effects 
induced by sodiuin ISl)Tr\ were due sprcifically to lowering of ionic c:ll(,iillti. ISG’J’A is a Inore 
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specific calciuiri clielator than ICDTA (Sclunitl antl Reillcy, 1937). Two group of r.1 t s  were 
studied. hnimnls in  one group were infused with 5% dextrose and the otlicrs wit11 5% dextrose 
coiitaiiiing 5 ninioles Ca/l for 1G 11. Subseqiiently, Iiourly iiriiic sninples \\-ere collected for 
:L control period of 4 11. ECYT.4 \r-ns then added to  ttic pcrfnsatcs cind the infiisiun coii~iniicd 
for anotlier 4 h. 

Collection oj  Samples 
Except where ot.hcrwise indicated, urine samples were collectet1 hourly. .4t the terminn- 

tion of jnfusion, rats were anaesthetized nnd blood drawn from the abdominnl nortn into ice 
cooled heparinized tubes. The blood \YBS spun iniinediately in a refrigerated centrifngc and 
plasma separated. P I ~ S R I ~  and acidified urine samples were frozen n t  - 203 unt.il aiialyzcd. 

Analytic Procedures 
Plasma and urine cnlciuni were dctimnined by atomic absorption using a Perkin Eliner 

Atomic Absorption Spectrophotometer Nodel 403, plasma and urine p11ospl1olus n n d  orine 
creatinine by tlic nietliods described by Rice (1960) and urine nnd h i e  hydroxyproline by 
the method of Kiririklco et nl.  (1967). Urine hydroxyproline, cnlcinnl and phospllorcis wcrc 
corrcctecl for creatinine excretion. 

Results 
Eflecls of Infusion of Sodivm, Culciwn and Zinc EDil’tl. Sodiuni ED‘I’A in- 

creased the urinary excretion of calcium six-fold, pliosphorus three-fold and 
hydroxyproline 56% (Fig. 1 a).  Compared to cont,rols, plasma calciuni was 
decreased (IJ< 0.01) due to formation of calcium XD‘m n~hicli is readily excreted 
by the kidneys (Table 1). Although the increase in urinary phosphorus excret,ioii 
may be due to  loweriiig of plasnia calcium (R.asmusscn e l  nl. ,  lDF i ) ,  tlic effect, on 
hydroxyproline excrctioii cannot be attributed solely to cliclation of plnsma calciuin 
by sodium EDTA since in rats infused wit,h calcium ED‘Y’A urinary hj-drosy- 
proline cscretion ’ was also iuarkeclly iiicreasecl (Fig. 1 b). Ilouxver, in contrast 
t o  sodium-EDTA infused aninials, plasma phospliatc and the rate of uriuary 
phosphorus excrc:tioii \wrc slightly dccrcnscd (Tahle 1 and Fig. 1 b).  Infusion of 
calcium EDTA iricreased both plnsma calcium (Z’< 0.02, T:iblc 1 ) arid urinary 
calcium excretion (Fig. 111) as \voulcl be expected. I n  rats infused with zinc EDTA 
urinary cxcrction of Iiyclroxyproline was unchanged antl urinary pliusphorus 
sliuht.ly decreased (Pig. 1 c ) ,  presiinipt,ivc evidence that) tlir changc.s induced by 
sodium and calciitin EDTA were riot, clnc t o  tlie E I X A  iiiolccule per se. TJrinary 
calcium, however, was slightly increased (Fig. 1 c ) ,  due presumably to chelation 
of plasma calcium by moiioziiic EDTA, although plnsnia calcium \vas iuichangccl 

Effect.~ of Infusion of Calcitonin and Parathyroid I lomone .  Calcitoiiin dc- 
creased bot,h urinary phosphate and hydroxyproline escrction (Fig. 2). Con- 
versely para t , l i~~oid  hormone increased phosphorus and 1i~drosyproliiie cscrc:l.ion, 
and induced calcium retention (Fig. 3 a). Calcihonin abolished t,lie ~~arat1iy1’0id 
holmoiie-inclucecl IiSdrorcyproliniiria, but only partially preventrtl t,Iic incrcaso 
in  phosplialo excretion (Pig. 3 a ) .  ‘I’heso obscrvations arc conipt i l h  v i t J i  the 
knon n cffects of parathyroid hormonc and calcitonin and siiggcst tliat calcitonin 
inhibits the ost,colyt,ie Init not) the plic~splia.t~~~ric cffout, of pnrat 1iyroicl Iioriiioiit~. 

P 

(Table 1). 
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Fig. 1 it-c. Effects of EDTA on urinary excretion of Iiydroxyprolinc, calciun~ and phospllorus 
in tltyropnrathyroidentonlized rats. (a) Sodiam E D T A .  Animals weighing approxiiuatcly 
155 g were infused with 5% dcstrosc for 3 11 and with 5% dextrose containing 4.E4 m31 
Na,FWl’A for a s j in i l~~r  period. (b) Calcium EDTA. Rkrts wcigliing npprosinlatcly 142 g werc 
infused with 5% dextrose for 4 11 and with 5% dextrose contnining 4.54 d T  Ca,ED‘1‘/2 for 
a similar period. (c) Zinc 1CT)TA. Rats wcighing approxilnately 146 g wcrc inftrscd with 6% 
dc?trose for 4 11 and with 5% dextrose cont,:iiniog 4.64 nldI ZnElYl’X for a siii1il:ir pcriod. 
The rate of infusion in all studies was 3 nd/11 and nnirnnls weIc irifnscd with 5% destrosc for 
1 G h  prior to hourly collection of nrine samples. Each point indicates a ~ u e n n  vnl~ic, the 
vertical bnrs the S.R.1\€. and thc numbers in parentheses the number of nniinnls st ,dicd.  
Those mean vnl ties with symbols werc compared by Student’s l-tcst with t,lie corresponding 

nienn values of the  control period 
Y-NS; *I-‘<O.O:j; **P<O.Ol; ***P< 0.001 

Effects of Simu1tmaeo.c~~ Infusion of Sodiwm E D T A  and Calcitoxin. As i n  the 
preceding study, calcitonin abolished the inereasc in urinary hydinsyprolinc 
excretion inducecl by sodiuin EDTA a i d  slightly dccicsscd calciuin and phos- 
phorus excretion (Fig. 3 h). These data inclicat,c that  sodium EDTA, like parn- 
thyroid hormone, cnlinncrs boric breddown n;hiclt can Gc. inhibited by cidci!~o~~in. 
]Io.ivcvcr, tllc effect of calcitonin alone ~ o u l d  account for tlic dccrensc i n  iirinnry 
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Table 1. Effects of EDTA 011 plnsrna cnlciuln and p11ospl~or11s in tliyroplrt1tlr~ roidectomi/ed 
rats 

Treatment Itat  wt P Plasina calcium P Plasiiia phosphoriis 1' 
(8) (mequiv/l) (mg/lOO nil) 

Dextrose 1 3 0 3 2  (,5) 2 . 3 0 f O . M  (5) <o.ol 9.92h0.56 (5) xs 
No,EDTA 1 2 9 1 3  (8) NS 2.10*0.01 (8) 10.33 i 0.39 ( 8 )  

Dextrose 1 3 8 f 3  (5) Ns 2.20 * 0.12 (5) 13.20f 0.24 (5) co.oL 
Ca,EDTA 141 & 2  (7) 2.59 f 0.08 (7) <0'02 12.OG + 0.20 (7) 

Dextrose 133*2 (4) NS 2.5610.23  (4) NS 13.68 0.99 (4) p\'S ZnEDTA 135&3 (4) 2.64&O.lG (4) 12.20 * 0.57 (4) 

Rats were infused with 5% dextrose for 4 h and with 4.84 11131 Xn2E1)TA, CnpEDTr\ 01' 
ZnEDTA in 5% destrose for nn additional 4 h. Control animals received 6% dextrose alone 
for the entire 8 11 period 

Values are means *S.E.I\I. and the numbers in pnrentheses thc number of animals 
studied 
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l7 18 19 20 21 22 23 2L 

Hours 

1 0 0 9 2 5 1  



I 

D. N. Kalu et al. 

PTE 
1 1 

Sodium EOTA 
I P T  I I 

- 
O L  17 18 19 20 21 22 232L 

6-  
5 -  
L -  
3 -  
2 -  
1 -  
0 -  

O L  - 
17 18 19 20 21 22 23 21 

I A) 

- 
Ot 17 18 19 2021 22 23 2L 

Hours 
( B1 

Fig. 3a and b. Effects nf calcitonin on urinary excrct.ion of hydroxyproline, calcium, and 
phosphorus in  tliyroparathyroidcctomizecl rats infused with paratl~yroid extract or sodium 
EDTB. (a) I’nrathyroid extract (PTK). h t s  wcighing approsililntely 147 g xverc infused nt 
the rate of 3 ml/h wit.lt 5 %  dextrose for 2 11. Subsequently, half were given 10 USP units 
PTE/rat/li for 3 h and then P’JX nnd 25 UIiC mU CT/rat/li for f u r t h w  4 h. Tlic remaining 
aninials were infused with PTE alone for 7 11. (b)  Sodium EDTA. I h t s  wcigliiug approxi111;1tely 
142 g were infused a t  tho  rate of 3 inl/h with 4.84 niJI Xa,EDTX i n  5% dextrose for 4 1 1 .  Ildf 
the aniinals werc then further infiwxl with K:a,EDTA while the other half \vert given Ka2EI>T:\ 
and 25 BIR,C mii CT/rst/h for nnothcr 4 h. r2ninu~ls were irifnsctl with 5 %  dcstrose for 1 G  h 
prior to hourly collection of urine samples. Each point indicates n mean value, t h e  verli(::il 
bars the S.E.M. and the numbers in parentheses the nunlber of ilniinals studied. The niean 
values marked with symbols were cornpared by Sttiden t’s l-test with the correspoliding 

control values obtained for rats t,lrnt i~eccived PTJS or sotliiini EIYYA alone 
P - K S ;  *1’<0.03; **p<o.o1; ***I’<0.001 

phosphorus excretion i n  rats given simult~aneous infusion of Na,FCD’L‘A ant1 
calcitonin (Fig. 4). 

Long-term Efjects of Cnlciwn EDYA . Adniinistrstioii of calcium FIITA to 
rats for twenty days induced a greater t1i;~n two-fold incrcasc in urinary hgdi.oxy- 
proline exemtion. Urinary pliosphorus cxcrction was dccrchnwtl. IIowercr, this \\:us 
not significant when corrcctcd for creatirlinc cscictioii (‘Tn1)lo 2). Uri11a1.3 clcati- 
nine excretion \vas 30 % lower snggcstirig tha t  i.ciial farrc:tioii \vas jiiipiicd. 
Relative to controls, plnsJila calciuin w a s  incrcnsed \ v l i i l c  piaslna p~iospt~oiYis, 

, 
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Fig. 4. Effccts of calcitonin on thyroparathyroicrectomized rats infused with sodium EDTA or 
parathyroid extract. The vtllues were calc~tlated by sahtractiny the niean values obtained 
during calcitonin infusion from tho nieans of the appropriate control values. The triangles 
denote changes duc to calcitonin alone (Fig. 2). The solid and closed circles indicate vnlues 
obtained in animals given simitltiineoos infusion of calcitonin and Ka,EDTA (Pig. 3b) or 
pnrathyroid extract (Fig. 3 a) respectively. Xotc that  calcitonin was more effective in lo\vering 
urinary hydrosyproline in parathyroid extract- arid Na,EDTA-infused animtils and yet the 
effcct of calcitonin alone could account for the decrense in urinary phospliate excretion in rats 

given simultaneous infusion of Nn,EDTA and c~ilcitonin 

bone calcium and hydroxyproline xvere decreased. I n  addition, treated aninials 
grew less quickly. Houever, t,he 6.5 % difference in body weight between groups 
at the elid of the study cannot account for the 17 and 15% difference in bone 
calcium and hydroxyproline respectively. The skin of calcium FnT-4 treated rats 
contained newly formed fibrous tissue associated with moderate numbers of 
nincrophages and Inultinucleated foreign body giant cells. This observation 
suggests tha t  some calcium RDllA was rehairled a t  the injection site and induced 
a foreign body reaction which resulted in a moderate increase in collagen in the 
granulation tissue. It is therefore possible t.ha.t t h e  increase in urinary hydroxy- 
proline excretion derived, in part, from skin lesions. 

E’ffecls of EG1’A 17~fzcsion. Urinary calcium excretion !vas niarlredly jncrcasect 
in rats infused ~r - i th  EGTA. Howevor, only in mt.s irifusctl with both ISG‘TA and 
calcium \\‘as t,liis associated with increased phosphaturia. Unlike in rats infused 
with sodium 11:T>TA, urinary hydroxyproline was not significantly increased 
(l!’ig. 5a. and Fib). rChc rewon for t,hcse difference and their reltttionship to  free 
plasma calcium concentratioii is iinclenr siiicc ionic calcium \vas not. dctei.rnined. 

, 
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Table 2. Effects of long-term administration of calcium EDTA to tliyropnmth-roidectomizetl 
rats 

Parameters measured Controls Cs,EDTA treated P 
rats 

Plasma 
Calcium (mequiv/l) 2.10 *Oo.04 (9) 2.47 iO.09  (10) (0.01 

Urine 
Creatinine (mg) 1.119-&0.057 (IO) 0.7S3$0.055 (10) <@.OD05 
Hydroxyproline (116) 64.60 i 4 . 8 3  (10) 102.38 +9.66 (16) <0.005 
Hydroxyproline (pg/mg creatinine) 57.24 f 1.61 (10) 130.11 5 5 . 7 7  (10) <@.0005 
Calcium (peqiiiv) 4.S5 iO.50  (10) 4.40 rfr.O.66 (10) NS 
Calcium (,uequiv/nig creatinine) 4.36 f0.46 (10) 5.76 i 0 . 6 1  (10) NS 
Phosphorus (mg) 0.344 f 0.034 (10) 0.243 & 0.026 (10) <0.05 
Phosphorus (mg/nig creatinine) 0.318 50.043 (10) 0.309 0.024 (10) XS 

Fsm?6r 
Calcium (mg) 77.22 &1.2G (10) 63.00 5 2 . 0 0  (10) <0.0005 
Hydroxyproline (mg) 7.61 kO.09 (10) G.Sl 5 0 . 1 4  (IO) <0.0005 
Calcium/hydro~yproline (mglmg) 10.15 & 0.12 (10) 9.14 & 0.33 (10) <0.05 

Two groups of animals were studied. Rats in one group received injections of 21.4 nig 
Ca,E:I)TA twice daily. Control animals received solvent vehicle. On the twenty-first day the 
rats were hydrated by gavage wit.h 10 ml of distilled water, put  in shinless steel metabolic 
cages and urine collected for 4 h. E R C ~  animal \vas anaesthetized, bled, and the right femur 
dissected out. 

Control and Cn,EDTA treated rats weighed 140g a t  the begirming of the studJ-, and 
219 and 207 g respcctivcly 011 the 19th day. 

Values are means -+ S.T".hI. a n d  t,lie numbers in parentheses the nuinher of nninmls 
studied. 

Phosphorus (mg/lOO ml) IG.40 $0.61 (S) 14.26 ltO.24 (10) <0.005 

l ~ i s c u s s i o ~ ~  
Prior to a discussion of our ohscrvations, n e  would first like to coninleiit 011 the 

naturc of metal chelators and the sources of hydioxyproliue in urine. Ethylene- 
diaminetetraacetic acid combines ivitll nictal ions to  forti1 stable cyclic structi~rcs 
by covalent rather than ionic bonding. The  stability of EDTA coinpIeses increases 
with the atomic number of the chelated metal ion, arid metals arc clisplaccrl from 
their co~nplexes with EDTA only by other metals with higher atomic nuiiibcrs. 
For this reason the st,ttbility of cnlciuni EDTA far exceeds that of socliiini EU'L'A 
axid the affinity'of EDTA for lend is niany-fold that for cnlciiirn (Sitlhury, 1955). 
Ethylenebis(oxyetl~y1enenitrilo)tetraacetic acid (EG'l'A) is similar to EI>TA in 
its ability to form stable complexes v4t.h metal ions. However, it, is velatively 
more specific in its ability to  bind calcitnn (Schmid and Heilley, 1957). 

The sccond coiriment pertains to  the origin of the hydroxyproline i n  urine. 
IIydroxyproline is found only i t i  collagen, and bone contains 57 96 of body ~011nge11 
(Klein and Curtjss, 1961). Wlren bone is rworherl, both collagen ;1nd t l ~ c  inorgmic 
fraction are solubilized (Bates et al. ,  1962). €Iow?ver, the use  of urinary h y c h s y -  
proline as an index of bone rcsorptiori is coiiiplicatetl 1 ~ y  t h c !  f a c t  that  skin con- 
tains 34% of body collagcri (JClcin arid Curtiss, 196$) ancl like IJoilc, c ~ ~ n t r i l ~ u t c s  
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Pig. 5 a  iind L. Effects of EGTA (etliylenebis[osyetl~ylenenitrilo]tetr~~~~cetic acid) on urinary 
excretion of hydroxyproline, calcium and phospliorus in ttl~-roy~~mthyroidectotnized rats. 
(a) Hats weighing ayproximatrly 136 g were infused wit11 5% tlext.rose for a control period 
of 4 h and with dextrose and EGTA for a sitnilitr period. (b)  Rats  weighing npproxilnately 
147 g were infused wit.11 5% dextrose containing 5 inmoles of calrirun per liter for a corit,rol 
period of 4 h. EGTA was then added to tlic perfnsnte aiid the infusion carried on for a similar 
period. Infusions were given a t  ti rxte of 3 ml/h nnd animals w r o  ir t f t rscd with 5% dextrose (a) 
or with 631 dextrose containing 5 innioles of calciiim ( h )  for 16 Ii prior to hoi~rly collection 
of urine samples. Each point indic.ltes a Incan value, the vertical bars the S.E.31. and thc 
nunibers in  parentheses t.hc number of nninlals studied. The mean va lues  m;ul;ed v.ith symbols 
were coniptretl with t.he corresponding nicnn vaIues of thr. control period by Strident’s t- test 

I’=KS; * * * P < O . O O l  

to urinary hydroxyproline. Furt,herniore, in addition to brenlrdown of old collagen, 
newly formed collagen coritxibutes to urinary hydroxyproline (Laitirien, 1967). 
It was for these reasons that suppleinentary invcstigations were carried out to 
determine whet,her t.he sodirun EDTAinduccd increase i n  uriiiary It~droxyprolii~e 
excretion was due specifically to alterations in borie resorption. 

Our da ta  demonst.ratc? that sodium and calcium clielatcs of ETYL‘A modify 
collagen metabolism. f i l thorlgl i  thc mechanism is iinlmown, at, Icast four possi- 
bilitics exist. I%xt., soclirin~ W)TA may cause partial decalcificntion of bone 1 9 7  

chclat,ing skeletal cnlciu~n, thereby exposing collageii to  hydrolytic cnxjmes. 
Second, siiicc calcium EDTA enhaiiccs permea1iilit.y of cells (Ipomnan ct nl., 
I953 ; Reiiber, I967 ; L4~~onso~ i  ct d. ,  1 DFS ; L41u!iS01i :ind Rogorson, 1972) a, similar 

, 
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effect, on osteolytic cells niay alter the concentrations of intracellular ions or 
enhance the release of hydrolytic enzynies ani1 thereby accelerate ostcoljrsis. 
Third, since zinc EDTA does not enhance hydroxyproline eucrction, chelation 
of zinc or a trace metal ion lighter than zinc may participate in EDTA-indrlced 
collagenolysis, Fourth, sodium or calcium EDTA may interfere ait,h deposit,ion 
or maturation of newly laid down collagen. I n  addit,ion, calcium EDTA may act 
by promoting hypophosphatemia since the infusion of calcium EDTA was 
associated with lowering of plasma phosphate. Phosphate inhibits bone collagen 
breakdown in vitro (Raisz and Niemann, 1969). Whether decreasing phosphate 
concentration in vivo will have the opposite effects is unknown. 

Our findings suggest tha t  sodium EDTA-induced hydroxyprolinuria is due 
at least in part t o  increased bone resorption, since i t  is prevented by calcitonin, 
a hormone which inhibits bone resorption (hlilhaud et al., 1965). That  parathyroid 
hormone-induced hydroxyprolinuria is inhibited by calcitonin in a way similar 
t o  that  produced by sodium E n T A  is further suggestive evidence that  both 
EDTA and parathyroid hormone act upon the same target tissue. However, 
although parathyroid hormone and caIcitonin act on bone, their effects 011 skin 
collagen metabolism remain uncertain. 

Aronson and Rogerson (1972) reported that calcium EDTA infused into rats 
whose bones had been prelabelled with [31-I]pr~line thirty days previously in- 
creased excret,iori of tritium labelled hydroxyproline. This finding suggests that 
calciuin EDTA-induced hydroxyprolinuria was due to  breakdown of old collagen. 
However, intact animals and monocalciuni EDTA were used in these studies. 
Therefore hydroxyprolinuris secondary t,o compensatory hyperparathS.roidisiii 
stimulated by lowering of plasma ionic calcium induced by formation oi dicalciuni 
EDTA cannot be excluded. 

Rasmusseri and his eollahorators (1937) have observed that EGTA infused 
into thyroparatliyroidectomized rat.s increased excretion of calcium, phosphate 
and hydroxyproline in the  urine. They concluded t,hat EGTA-induced hypo- 
calcemia is the stimulus for both phosphaturia nnrl bone collagen breakdown. 
Although our findings with sodium EDTA are conipatible with this view, thei-c 
are difficulties in ascribing a Iiypocnlcernic stirnulus to  sodium EDT-4-induced 
collagenolysis. First, sodium ED'l'A is almost instant,aneously converted to  
calcium EDTA in vivo and calciuni EI>TA itself induces Iiydros3rprolinuria. 
Second, EDTA is not a specific calcium chelator. Purthermore, EGTA, a more 
specific calcium clielator, niarlccdly increased phosplioriis but, not Iiydroxyproliiic 
excretion in  our studies. Therefore, hypocalceinia per se may not be the st,imulus 
for EGT-A-induced cohgenolyais as has becn proposed. The differences in results 
may be due to  tho diffcrences in the solutions infused. Rasmusseri et al. (1967) 
infused n solution which contained, in addition to  the dextrosc and calcium used 
by us, magnesium, sodiurn, potassium and parathyroid hormone. The addition 
of EGT.4 would t*hcreforc not only reduce ionic cnlciuni~ concentration but. alter 
the ratios of t,he ions present producing changes wliich might affect, cellular 01' 

hormoriil functions (Pcchet et u l . ,  1967). We thcreforc suggest, that, proric1t.d a 
judicious choice of infusion constitilents is made, EG'M is prcferablc to EI)'L'.4 for 
louwing plnsinn ioiiic cslcinrii in v i m .  

, 
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In  conclusion, our data indicate that sodiuni a i d  calcium EDT-4 probably 
enhance bone breakdown. Since bone plays a major role in the rnaintcnnnco of 
plasma calcium level, interpwtation of results should be made 11 ith caution in 
those investigationsin which EDTA is used to study calciurn hoineostasis. 
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