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Abstract 

StfU, J., Jagos, P., Pokorny, L.: Influence of EDTACAL Spofa Appli
cation on Some Biochemical and Hematological Parameters in Sheep Blood. Acta vet. 
Bmo, 54, 1985: 61-71. 

In five clinically healthy sheep of the Caucasian merino breed the effect of 
EDTACAL Spofa application at the dose of 40 mg.kg-1 of the live body mass, 
applied i.v. once daily in the duration of 5 days, upon the values of 23 biochemical 
and hematological parameters in blood has been followed. The EDTACAL treat
ment induced a marked (P < 0.05 - < 0.01) increase of the values of urea, glucose, 
magnesium (even from the initially hypomagnesiemic levels), blood pH, BE, SB, 
BB, and on the other hand a marked decrease was seen of the zinc levels (down to 
the subnormal level), copper, leukocyte count, GMT activity. Moreover, statisti
cally insignificant rise of sodium, potassium, inorganic phosphorus, Hb, % of 
methemoglobin levels and an insignificant fall of calcium, cholesterol, hematocrit, 
erythrocyte count, AST activity and later even of sodium level was found. The 
increase of pC02 values was almost undetectable; insignificant changes were found 
in the total protein. Following the application of the preparation the values of urea, 
sodium, magnesium, zinc, copper, pH of blood, GMT activity and of leukocyte 
count were observed to increase already after 24 hours and of pCOa, BE, SB and 
BB after two days. The increase in Hb and glucose levels was found after 3 and 
4 days, resp. The AST activity decreased only after the cessation of the application. 
The return to the initial values appeared in most parameters, being established 
gradually within 2 to 5 days following the cessation of the preparation administra
tion; only the changes in GMT, blood pH and leukocyte count were observed to 
outlast for further 5 days. The effect of EDTACAL upon the acid-base balance 
was found to be alkalogenic. EDT ACAL also stabilized some parameters by dec
reasing the individual daily variations (urea, sodium, calcium, magnesium, zinc, 
copper, hemoglobin, erythrocytes, leukocytes), and levelled also the differences 
between individual animals (urea, glucose, sodium, calcium, zinc, erythrocytes and 
leukocytes). The EDTACAL influence during its application was thus manifested 
by a broader interference with various metabolic processes in the experimental 
animal. 

Sheep, total protein, urea, glucose, macroelements, microelements, AST and GMT 
activities, cholesterol, acid-base parameters, methemoglobin. 

Ethylenediaminetetraacetic acid (EDTA) and 'its salts are characterized by specific chelating 
properties. They have a high affinity towards some substances, particularly to some elements and 
their compounds, readily forming bonds and complexes of a varying strength. This property has 
been employed in laboratories, in experimental, diagnostical or even in therapeutical methods, 
e.g. in toxicology in cases of heavy metal poisoning the application of EDT A leads to complexation 
of noxae thus making possible their excretion from the organism. It could, nevertheless, be assumed 
that apart from this effect also some other components of metabolically important substances, such 
as enzymes, hormones or vitamins, could also be bonded. This will take place preferably in blood 
and extracellular fluids. Secondarily, the cellular components may be involved, thus influencing 
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the formation, biological activity etc. of these substances. The application of EDTA can thus 
influence various systems in the organism, both by direct effect and through various correlation 
relations. 

In order to elucidate the effect of EDTA application to an animal organism we have, in this 
connection, foliowed basic biochemical and hematological parameters in the blood of experimental 
animals. Examination of these parameters is included into the system of currently used metabolic 
test for farm animals. 

Apart from industrial and laboratory techniques and chemistry, the EDTA and its salts and 
analogues find their application also in experimental medicine and biology where they serve for 
an aimed induction of deficiency conditions of metal elements. Further application is seen in 
therapy where, since its introduction in 1953, the EDTA has been used to treat heavy metal poison
ings. An acute hypocalcemia foliowing the EDT A application is generaliy known. A salt, already 
containing calcium (CaNa2EDTA), is thus used to treat this condition. Foliowing this treatment, 
the increase of K and Mg concentration in the blood of cattle and sheep (Daniel 1980), the decrease 
ofCu in liver (Soeli et al. 1974), in blood, tissues and other organs, the increase of EDT A excretion, 
the lowering of Zn content in an organism (Kratzer 1974 and others), a lowered Fe availability 
in fowl (Christopher et al. 1974) have been observed. The change in the activity of various 
enzymes and hormones, e.g. of parathormone (Scott and Beastall 1978) and the influence upon 
some vitamins have also been reported. The EDTA increased the fowl resistance agains salmonelia 
infection, propably due to the bonding of bacterial Fe (Hill and Smith 1974), etc. The observed 
results are, nevertheless, often controversial. Zinc may serve as a typical example of elements that 
are easily complexed by EDTA (Lantzsch and Menke 1974; Peters 1974 and others). As zinc 
is a component of many important enzymes and serves as an activator of many others, especialiy 
in the groups of peptidases, dehydrogenases, oxidases etc., a pronounced effect of EDT A on the 
above mentioned enzymes should be fxpected as a result of influence on Zn. Roth and Kirch
gessner (1974) have indeed observed a decrease in carboanhydrase activity foliowing the bonding 
of Zn by EDTA, Reinhold et al. (1969) and Kirchgessner and Roth (1975) found the same 
effect in phytase and ALP and in other Zn-related enzymes, resp. On the other hand, Spak (1976) 
as well as Burch et al. (1974) have observed no decrease in carbohydrase and other enzymes, resp., 
in spite of the fali of Zn. As to the bonding capactiy of the EDTA, different data have been reported. 
Hauschild (1961) in his redew on EDTA "komplexkonstants" (i.e. the coefficient of element 
bonding) presents log K = 16.1 and 18.3 for Zn and Cu, resp. Lantzsch and Menke (1974) 
estimate, however, this EDTA bonding capacity for Zn to be only 2 %. Zinc was, nevertheless, 
found to be complexed more intensely than copper (Kleavy 1974). The therapeutical application 
of EDT A has been generaliy recommended for treatment of heavy metal poisonings in human 
medicine; Bartik and Piskac (1974) recommended its application also in veterinary medicine, 
particularly in cases of lead poisoning. Vodrazka et al. (1980), however, do not recommend the 
use of EDT A for this purpose. 

The reasons for different experimental and therapeutical results are probably multifactorial. 
There are already many differences in dosage and mode of administration of EDT A. The recom
mended doses of the EDTA are differing: 75 mg.kg-1 of the live body mass/day for humans 
(Hauschild 1961), 75 mg.kg-1 of the live body mass for sheep (Hiepe 1970) in the duration 
of 3-4 days, 20-40 ml for cows, i.e. 8-16 mg.kg-1 of the live body mass (Gdovin et al. 1970), 
approximately 20 mg.kg-1 of the live body mass every fourth day for animals (Bartik and Piskac 
1974), 110 mg.kg-1 of the live body mass every 12 hours during 2 days for sheep (Soeli 1974). 
The dose reported by Wenke, Hynek and Mraz (1977) for men is only 13.3 mg.kg-1 of the 
live body mass. According to the producer of the EDT ACAL Spofa preparation the dose for men 
should be 26 mg. kg-1 of the live body mass, the treiltment being repeated 8-10 times, every 
third day. 

Materials and Methods 

Five sheep of the Caucasian merino breed, 2-3 years old were used for experiments. The 
animals were in average or inferior nutrition condition, their live body mass ranging from 34 to 
63 kg; they were neither pregnant nor lactating. Permanent feed ratio consisted of meadow hay 
ad lib. and of 0.30 kg of crushed oats per animal and day. No clinical signs of disease were apparent. 
Blood samples from v. jugularis were taken daily at 7 a. m. for 15 days. Altogether 23 parameters 
were foliowed. They included levels of total protein, urea, glucose, sodium, potassium, calcium, 
magnesium, inorganic phosphorus, zinc, copper, cholesterol, AST and GMT activities. Acid-base 
balance (blood pH, pC02, BE, SB, BB) and some hematological values (Hb, hematocrit, erythrocyte 
and leukocyte count) and methemoglobin % in Hb were also examined. At the same time the ge
neral health condition, appetite and possible reactions to preparation application were also observed. 
EDTACAL Spofa, i.e. a 20 % solution of dinatrium calcii edetici (aethylendiaminotetraacetici) 
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was used. The application started from the fifth day immediately after the blood sampling, intra
venously in the dose of 40 mg. kg-1 of the live body mass daily for 5 days. 

Results 

EDT ACAL influenced a number of the followed parameters. A significant increase 
in values was found in the case of urea, glucose, Mg, blood pH, BE, SB, BB; on the 
other hand the decrease was observed in Zn, Cu, Na levels, GMT activity and in 
leukocyte count. The lowering of the values of Ca, cholesterol, hematocrit and erythro
cyte count as well as the increase of Hb, P inorg., K and hemoglobin percent were 
not of statistical significance. The increase of pC02 value and the decrease of AST 
activity were found to be within the detection limits. The levels of total protein re
mained essentially without a marked effect. 

Already one day after the EDT ACAL administration the level of urea increased 
from subnormal values to physiological range and continued to remain there till the 
1st day after the cessation of administration. The increase of the glucose level (from 
subnormal values as well) appeared on the 5th day of application, the return to hypo
glycaemia appearing again 3 days after the end of administration. Two different 
tendencies can be observed from the course of level changes, i.e. the increase during 
the application and a marked decrease persisting for 5 days after the end of administra
tion. The Mg levels rised from hypomagnesiemic to normal values and then decreased 
always one day after the commencing and ending of administration, resp. The decrease 
of Zn level from the initial relatively high values to subnormal was observed. In the 
same time interval a similar tendency was observed in the case of copper but the 
changes did not exceed physiological range. The Zn:Cu ratio changed, however, 
significantly from 1.18 : Ito 0.79 : 1. The AST activity was found to decrease slightly 
after the end of administration, that of GMT was evidently lower during and after 
the whole application. The rise in blood pH, exceeding the upper physiological limit, 
appeared also whithin 24 hours after the onset of treatment; it did not change after 
the end of administration. A similar tendency, i.e. the increase with two peaks after 
4 and 7 days and the decrease after the end of application, has been observed in pC02, 
BE, SB and BB values. The Hb level, after the initial drop, increased after 4 days 
following the onset of administration from subnormal to physiological ranges, remain
ing there for further 5 days. As early as in the 1st day after the treatment the leukocyte 
count dropped and remained near the lower physiological limit. 

In many parameters a diminution in individual daily variations (urea, Na, Ca, Mg, 
Zn, Cu, Hb, erythrocytes, leukocytes) and possibly of their mutual differences among 
individual experimental animals (urea, glucose, Na, Ca, Zn, erythrocytes and leuko
cytes) could be observed during the EDTACAL treatment or after it, as it follows 
from lower values of standard deviations. 

No unfavourable reactions or clinical signs health condition disturbances were 
observed in animals during the experiment. 

Discussion 

The results of our experiment show that the effect of EDT ACAL interferes with 
metabolism of experimental animals. It is documented by changes in basic parameters 
such as glucose and urea, changes in leukocyte count, in the enzyme activity, etc., 
mechanisms of each effect being probably quite different. The glucose increase could 
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Dynamics of leukocyte counts, hemoglobin and pH of blood in sheep before, during and after 
the administration of Edtaca1 Spofa. For legend see Fig. 1. 

be ascribed either to the improvement in its resorption or formation with the enhanced 
glycogenolysis or to the general changes in the formation and release of glycogen, 
lowered glucose. availability in target organs, etc. Most probably it is a consequence 
of interference with an enzymatic system and possibly with a regulation system, 
hormonally controlled. So, e.g. the case of the insulin shortage may be accounted for 
by Zn deficiency. The increase of urea levels may stem from many reasons ranging 
from the improvement of its synthesis in liver over the increased protein degradation 
to the impaired excretion by kidneys (EDTA exerts a higher load also on kidneys). 
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Also the changes in Na levels could be multifactorial. The increased supply of Na 
contained in the preparation (sodium salt) with consequent homeostatic regulation 
processes, the influence of Ca, which reportedly replaces Na iIi tissue colloids and 
enhances its excretion thus decreasing also the Na levels in blood (Hauschild 1961): 
The Na losses in form of complexes with other elements could also be responsible f9r 
the initial rise and later marked fall of Na. Considering the relations between Na and 
K, changes in K level could also be expected. These changes were not, however, un
equivocally proven although e.g. Daniel (1950) reports on the increase of K after 
the EDT A application in cattle and sheep. In our experiment the observed increase 
of Mg level corresponded to results obtained by Reitz and Weinstein' (1974) in 
men and by Daniel (1980) in cattle and sheep. The strong decrease of Zn was also 
in accordance with the results published elsewhere. The speed and the extent of, this 
decrease, creating an impression of a selective trapping of this element, could be due 
to its relative low pool in the organism, by less strong bonds to vector of mostly protein 
character, by negative influence of calcium from EDTACAL or even of copper. The 
concentration decrease of Cu was substantially less pronounced, thus in4ucing an 
unfavourable condition for zinc and vice versa (Pories et al. 1974). The final consequ
ence of this was manifested by the lowering of the Zn : Cu ratio. We have not con
firmed the results of Kleavy (1974) who observed, at this low ratio, even the influence 
upon cholesterol. If plasma Cu, bonded to albumin (ca 10 %) or to globulins (22 %) 
or to aminoacids, disappears in a greater extent there is probably a dep.endence on the 
bond strengths, this being applicable also to Zn. In the case of zinc, 66 % is bonded 
to albumin and 22 % to globulins, mostly to alpha macroglobulin; We have not 
examined these circumstances and the degree of element mobilization from the stores. 
The decrease of the AST and GMT activity could be explained by their direct impair
ment, either primarily or through correlation relations. Their limited release from 
cells, particularly from hepatic ones, could also occur, thus indicating a certain pro
tective effect of EDT A upon liver. When this preparation is, however, administered, 
the influence upon metalloenzymes and to a greater extent upon their co-enzymes and 
activators, in which the metals are less strongly bonded, the metal compl~xing being 
thus easier, could be expected. The EDT ACAL was found to have a marked alkalo
genic effect upon the acid-base balance which could be advantageous in acidoses 
but not in metabolic alkaloses. Quite surprising was the increase of Hb levels without 
substantial changes in hematocrit and erythrocyte values proceeding in spite of the 
decrease of a significant Hb component, i.e. copper (iron not followed). It is possible 
that a part of elements mobilized by EDT ACAL was used for Hb. The decrease in 
leukocyte count could be accounted for by the restriction of mitoses, DNA and RNA 
synthesis and of lymphocyte proteins as reported by Chester (1974) after the admi
nistration of EDT A or by the deficieng of Zn which is important for leukocytes. 
It is, however, necessary to admit, th.!!t in' cOllp.ectiQ.l} with the p!"~sel1~~diactQ:rli ,the 
decrease of leukocyte count was tmrealistically rapid. ' 

The finding that the EDT ACAL treatment stabilized some parameters, decreased 
individual variations and differences among animals, not only when deficiency values 
were reached but also the parameters in the physiological range, are interestiiig~ "The 
question remains whether this phenomenon should be regarded positively as the st~ 
bilization of metabolism and a higher resistance to metabolic irisults and changes or 
negatively (reduced reactivity and flexibility of various metabolic and regulation 
systems, particularly enzymatic and hormonal). Our experiments were carried out on 
clinically healthy animals. Under pathological conditions the effect of EDT A could 

. be in some respects stronger and in others less pronounced or even of a 'completely 
different character. More detailed experiments will ~e necessary to elucidate the EDTA 
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biologkalactiVity;It.foUows from_presented, results.. that the _effect of EDTACAL 
isvery._complex.and that itca~ influence various metabolic processes, being itself 
back-influenced depending, on circumstances. When the_ preparations of EDT A type 
a(c:,experim~ntally- Of ,therape. uti cally applied these more general interrelations should 
.be takeo_ into. consideration. A number. of experimental or therapeutical applications 
of these .substances in various fields of metabolism are thus offered . 

. - - - . --- . 
:VU" aplika~eJ~dta,cal:u SpQfa n;,l'hodnotynekterych biochemickych 

a hemQ.tologickYch ukazatelu v krvi ovci 

U 5 }{linicky zdravych ovci plemene kavkazske merinobyl sledovan vliv aplikace 
EDTACALU Spofa v davce 40 mg ;~g-lz.h.l X denne po dobu 5 dni i. v. na hodnoty 
23: biochemickych a he_matol()gic~ych:ukazatt;hi v kryi. ~dtakalova kiira vyvolala pru
.~.a.~lJ.Y '(f. ,<.0,0.5. .a? ,< ~o,() O. Y.~estup _PQ9D_ot _ IPo~()vi!1.Y' .gluk6zy, bofciku ( u tohoto 
dokonce z hodnot puvodt: e hypomagnezemkkych), pH krYe, J~E,-SB, Bij, a naopak 
prUkazny pokles hladin zinku (az na hodnoty subnormalni), medi, pocru leukocytu, 
aktivity GMT, dale statisticky nevy-znamny vzestup hodnot sodiku, drasliku, anorga
nickeho fosforu, Hb, % methemoglobinu a nevy-znamny pokles vapniku, cholesterolu, 
HK, poctu erytrocytu, aktivity AST, pozdeji i hladin sodiku, na hranici 'prukaznosti 
by!. vzestuphodnot pC02; nevy-razne zmeny byly zaznamenany u celkove bilkoviny. 
Pozahajeni 'aplikacepreparatu se zaEaly hodnoty mocoviny, sodiku, horciku, zinku, 
me~i, pH krve, aktiyity GM1'apoctu leukocytu menit jizza 24 hodin, u pC02, BE, 
oSHa BB po 2 dnech, u Hb za 3.dny, u glukozy za 4 dny, aktivita AST poklesla az po 
ukonceni aplikace. Navrat k vy-chozim hodnotamnastaval u vetsiny ukazatelu postupne 
po 2~5 drii po ukonceni aplikace, pouze u GMT, pH krve a pocru leukocytu pre
trvav~ly zm~ny nadale po dalSich 5 dni sledovani. Na acidobasickou rovDovahu pu
sobil EDT ACAL afkalogenne. Stabilizoval take -nektere ukazatele zmensenim indi
vidualnich dennich vykyvu (mocovina, sodik, vapnik, horcik, zinek med', hemoglobin, 
eratrocyty, leukocyty), nivelisoval i rozdily mezi jednotlivy-mi zviraty (mocovina, 
glukosa~ sodik, vapnik, zinek, erYtroqity, leukocyty).UCinek EDTACALU se tedy 
projevil sirsim zasahem do rUznych useku metabolismu pbkusnych zvifat. 

BJlHJlHHe BBe,lleHHJI 3,ll;TAKAJIACno«iJa Ha BeJlJlqHHId HeKOTOpwx 

_. 6HOXHMHQeCKHX-Hl'eMaToJloI'H1IecKHX nOKa3aTeJleH B KpOBH OBe~ 

_" Y IHI11J1 .}(JlJ1HHqe'Cffrn: 3~OPO!BbIX oBeD; ITJIeMeH'J1KaBKa3CKJ1:i1: Mep'J1HOC IIpOBO

;iJ1J1J1Cb YfOCJle)l;'OJ:laH'J1J1 IBJlJ1J1lHJ1J1 BBe~-eH'J1J1 3,ll;KATAJIA Cno,q)a ~030:i1: 40 
Mr.~r-l JK:YfB'Ol'O Bcca pa3 1J -cYTII<J1 IB Te'qe!HJ1e SCYTOK iBHYTpJ1BeHIHO Ha !BeJlJ1qJ1-

HbI 23 6YfOX'WMWqeOKJ1X J1 reMaTOJlOI'J1qeCKHX nOKa3aTeJle:i1: B Kpo-BJ1. 3~lJ{aTa
JlOBbI:i1: 'Kyipc JIeQeH'J1J1 'BbI3'BaJl yoe~J1TeJlbHOe (P<0,OS<0,01) YJ:leJlJ1QeHMe 'B-eJlJ1-

\IJ1H MOqelBJ1-JIJ>I, I'JllOK!03bI, MarH'J1J1 fB ~aHHOIM cJlyqae C nepBOHaQaJlblHbIx rJ1-

nOMarHJ1etBbIX BellJ1QJ1H), pH 'K!POBJ1, BE, SB, BE J1, HaooopoT, yoe~J1TeJlbHOe 
nOHU)KeH'J1e YP'OBHJI qJ1HlKa (:rI'OBeJlJ1l{1Jffi HJ1}J{e 'HOPMbI), Me~J1, QYfCJleHHOCTII 

Jle:i1:Ko~'J1'}10B, aIKTHBHlOCTJ1 C MT, 'CTa'rn'C11J1'QecJ<!J1 He3Ha'qJ1MOe YlBeJIJ1QeHJ1e Be

JI'YfQJ1H HaTpJ1J1, :KaJlIJ1J1, HeorpraHJ1QOOKOrO <po'o<popa, Hb, IIpo~eHTa MeTeMO

rJIooJ1lHa, lHe3HaQ-J1TeJlbHOe nOHJ1}J{eH'J1e ,mJlbD;J1J1,' XOJlCCTCpYfHa, HK, Q'J1-CJla 

3PJ1TPOD;J11'<m, aKTWim'OCTJ1 AST, n03:>Ke Ta'I0Ke YPoBHe:i1: Ha'rplJ1J1. Ha IIpe~eJle 
~O:Ka3aTeJlbHlOCTJ1 HaXO~MJI{)ICb YBeJl'J1QeHJ1e BeJl:J1truH pC02, Hecym;cC11BeHHbIe 

'M3MeHeHJ1J1 :OblJlJ1 YcTaHOBJleHbI Y 06m;'HXOeJlKoB. I1o,cJle HaQana BBo~a npe-
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IIapaTa BeJltJftmHbI MOqeBHHhI, aaTpHH, MaI'lmJl, ~JfllIKa, MeAH, pH K})OBH, aK
THB1IOCTH CTM H qlJiJCJIa JIeHKO~TO'B MeHmDf'Cb Y>Ke 'Iepe3 1 cyI'OOK, BeJIJftI'HHhI 
pC02, BE, SB 'H BB IIOCJIe 2 oy'OOiK, Hb - 'Iepe3 3 'CYroK, rJIlOK03bI - 'Iepe3 
4 'cyTOK, aJKTHIB'HOCTb AST fiOHH3HJIaiCb TOJIbiKO IIOCJIe 3aBepIUemfH BBe,!{eHHH. 
B03Bpa~eJIHe K J1!~O,l{llbIM 1ieJIHtrKHaM Y 6oJIb!UlHHCTBa 'II0Ka3aTeJIeH Ha!CT,Y-

, rraJIO IIOCTooeHHO JIiO 2-5 cyTOIK, nOCJIe OK'OH'IaHlHH ,BBe,!{eH'HH nperrapaTa, 
TOJIblOO Y CTM, pH I<iP'OBH 'H 'IH'CJIa JIeim<:o~HT01i ,BeJIHtnmbI OCTa'BaJIHCb 6e3 
1H3MeHeHHM B TeQOOHe 'CJIe,!{ylOII{JfX 5 cyTOK Ha6JIlO,!{eH.HH. 3,nTAKAJI OKa3bI
!BaJI aJI'KaJIOfeH:flOe B03,!{eMCTB'He Ha J<lH!CJIOTHO-OCHOBHOe pCl'BHOBeoIe. OH CTa
OHJI'J13J1!pOBaJI TalIOKe He:I<!oropbIe IIOiKa3aTeJIH YMeHbmelfHeM HH,!{HBH)tYaJIMlbIX 

cyTOlFHbIX OTKJIOH'eHHM (MO'leBHHa, aaTpHH, KaJIb~HM, MarHHM, Q'H'HIK, Me~b, 
reMlorJI06HH, 3p'HTpO~HTbI, JIeWKO~HTbI), HHiBeJIH3HpOBaJI TO>Ke pa3~Y Me>K
lIY OTlIeJIb'HbIMH )K'JfBOTHblMH (MO'lemma, rJIIOK03a, HaTPHM, KaJIb~HH, l\'HHK, 
3p.HTpO~'HTbI, JIeHKO~HTbI). CJIe,l{OBaTeJIbHO, ,!{eHCTBHe 3,nTAKAJIA IIPOHIBH
JIOC£> OOJIee Icy~e'CTBeHlHb1M 'BMeIlIaTeJIbCTBOM B pa3HbIe O,OJIa'CT.H MeTaOOJIH3Ma 
IIOllOIIbITHbIX >KH'J30THbIX. 
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