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Abstract

St¥i%, J., Jago$, P., Pokorny, L.: Influence of EDTACAL Spofa Appli-
cation on Some Biochemical and Hematological Parameters in Sheep Blood. Acta vet.
Brno, 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~! 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, 9% 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 pCO: 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 pCOsz, 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. EDTACAL 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 EDTA 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, followed 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 following the EDTA application is generally known. A salt, already
containing calcium (CaNa:EDTA), is thus used to treat this condition. Following this treatment,
the increase of K and Mg concentration in the blood of cattle and sheep (Daniel 1980), the decrease
of Cuinliver (Soeli et al. 1974), in blood, tissues and other organs, the increase of EDTA 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 salmonella
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, especially
in the groups of peptidases, dehydrogenases, oxidases etc., a pronounced effect of EDTA on the
above mentioned enzymes should be expected as a result of influence on Zn. Roth and Kirch-
gessner (1974) have indeed observed a decrease in carboanhydrase activity following 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 fall of Zn. As to the bonding capactiy of the EDTA, different data have been reported.
Hauschild (1961) in his review 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 EDTA has been generally recommended for treatment of heavy metal poisonings in human
medicine; Bartik and Piska¢ (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 EDTA 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 EDTA. The recom-
mended doses of the EDTA are differing: 75 mg.kg~! of the live body mass/day for humans
(Hauschild 1961), 75 mg.kg™! 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! of the live body mass (Gdovin et al. 1970),
approximately 20 mg.kg~! of the live body mass every fourth day for animals (Bartik and Piska¢
1974), 110 mg.kg ! 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™! of the
live body mass. According to the producer of the EDTACAL Spofa preparation the dose for men
should be 26 mg.kg-! of the live body mass, the treatment 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 followed. 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, pCOz, 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, intrz-
venously in the dose of 40 mg.kg~! of the live body mass daily for 5 days.

Results

EDTACAL 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 pCO; 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 EDTACAL 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 : 1't0 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 pCOg,
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 EDTACAL 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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Fig. 1
Dynamics of blood glucose and urea in sheep before, during and after the administration of Edtacal
Spofa. The beginning and termination of therapy indicated by arrows.
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Dynamics of leukocyte counts, hemoglobin and pH of blood in sheep before, during and after
the administration of Edtacal 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 in 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 for
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 (1980) reports on the increase of K after
the EDTA 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 inducing an
unfavourable condition for zinc and vice versa (Pories et al. 1974). The firial 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 dependence on the
bond strengths, this being applicable also to Zn. In the case of zinc, 66 %, is bonded
to albumin and 22 9%, 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 EDTA 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 complexing being
thus easier, could be expected. The EDTACAL 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 EDTACAL 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 EDTA or by the deﬁciency of Zn which is important for leukocytes.
It is, however, necessary to admit.that in connection with_ the presented factors the
decrease of leukocyte count was unrealistically rapid.

The finding that the EDTACAL 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 interesting. The
question remains whether this phenomenon should be regarded positively as the sta=
bilization of metabolism and a higher resistance to metabolic insults 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 EDTA could
be in some respects stronger and in others less pronounced or even of a completely.
different character. More detailed experiments will be necessary to elucidate the EDTA
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biological activity. It.follows from presented. results that the effect of EDTACAL
is very.complex and that it can influence various metabolic processes, being itself
back-influenced depending on circumstances. When the preparations of EDTA type
are: experimentally or therapeutically applied these more general interrelations should
‘be taken into consideratjon. A number of experimental or therapeutical applications
of ‘t.hese.\,substanccas in various fields of metabolism are thus offered.

th aphkace Edtacalu Spofa na hodnoty nékterych blochemlckych
a hematologlckych ukazateld v krvi ovei

U 5 khmcky zdravych ovei plemene kavkazské merino byl sledovin vliv aplikace
EDTACALU Spofa v dédvce 40 mg.kg—1Z. h. 1 X denné po dobu 5 dnii. v. na hodnoty
23 biochemickych a hematologickych :ukazateld v krvi. Edtakalova kira vyvolala pri-
kazny (P < 0,05 az < 0,01) vzestup hodnot mocoviny, glukézy, hot¢iku ( u tohoto
dokonce z hodnot ptvodr.& hypomagnezemickych), pH krve, BE, SB, BB, a naopak
priikazny pokles hladin zinku (aZz na hodnoty subnormaélni), médi, po¢tu leukocyt,
aktivity GMT, dale statisticky nevyznamny vzestup hodnot sodiku, drasliku, anorga-
nického fosforu, Hb, 9, methemoglobinu a nevyznamny pokles vépniku, cholesterolu,
HK, poctu erytrocytii, aktivity AST, pozdé&ji i hladin sodiku, na hraniei prikaznosti
byl vzestup hodnot pCOz2, nevyrazné zmény byly zaznamenany u celkové bilkoviny.
Po zahsjeni aplikace preparitu se zataly hodnoty mocovmy, sodiku, horciku, zinku,
médi, pH krve, aktivity GMT a po¢tu leukocytd ménit jiz za 24 hodin, u pCOq, BE,
-SB a BB po 2 dnech, u Hb za 3.dny, u glukézy za 4 dny, aktivita AST poklesla aZ po
ukonéeni aplikace. Névrat k vychozim hodnotdm nastaval u vétsiny ukazateld postupné
po 2—5 dni po ukonéeni aplikace, pouze u GMT, pH krve a poctu leukocytt pre-
trvavaly zmény nadale po dalSich 5 dni sledovani. Na acidobasickou rovnovihu pi-
sobil EDTACAL alkalogenné. Stabilizoval také nékteré ukazatele zmen3enim indi-
vidualnich dennich vykyva (moéovina, sodik, vapnik, hof¢ik, zinek méd, hemoglobin,
eratrocyty, leukocyty), nivelisoval i rozdily mezi jednotlivfmi zvifaty (mocovina,
glukosa, sodik, vapnik, zinek, erytrocyty, leukocyty). U¢inek EDTACALU se tedy
projevil §ir§im zdsahem do riznych dsekd metabolismu pokusnych zvifat.

Bausnue BBefenns DATAKAJIA Cnoda Ha BeIMUMHBI HEKOTOPBIX
- OMOXMMIYECKIX. M. IeMaTOJOTHYECKMX [I0KA3aTeieil B KPOBHU OBell

~ Y naTM KIMHUYECKM 340POBBIX OBEl] INIEMEHM KaBKA3CKMiT MEPUHOC IIPOBO-
,J/IJII/IC]: uccnenoBamusa sausHus BBegerus IDIKATAJIA Cnooda mo3oi 40
Mr.Kr ! JKMBOTO Beca pa3 B CYyTKM B TEUEHUE 5 CYTOK BHYTPUBEHHO HA BENNUML-
Hbl 23 OMOXUMMUECKMX U TeMATOJIOTMUECKMX ITOKA3aTelied B KpOoBU. DAKaTa-
JIOBBIN KypC JiedeHMs BbI3Ban yoeputenbHoe (P<0,05<0,01) yBeauueHNE BEMN-
YYH MOYEBUHBI, TJIIOKO3bI, MATHUA (B JAHHOM CJIy4Yae C MEPBOHAYANBHBIX TU-
moMaruueBbix Beanunt), pH kposu, BE, SB, BE 1, Ha060poT, yOEAUTENbHOE
[IOHVDKEHME YPOBHSA IMHKA (M0 BEIUMUMH HIKE HOPMBI), MEIM, UMCIEHHOCTU
nerKommToB, akTMBHOCTM C MT, cTaTMCTMUYECKM HE3HAUMMOE YBEINYEHME Be-
JIVYMH HATPUSA, Kaausd, HeopraHumdyeckoro ¢docdopa, Hb, mpoieHTa mMeremo-
r1o0MHa, HE3HAUMTENIbHOE IIOHMPKEHME KaJblus,- Xojdecrepuna, HK, umcia
3puTponUTOB, akTuBHOoCcTM AST, Imo3Ke TakoKe ypoBHeir HaTpusa. Ha mpegene
AOKA3ATENBHOCTY HAXOJAWIOCH yBeauueHue BenmuumH pCO;, HECYLIEeCTBEHHbIE
‘M3MeHEeHUs OBUIM YCTAHOBJEHBI y 00X Oenkos. ITocie Hayana BBOJA Ipe-
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napara BeJIMYMHBI MOYEBMHBI, HATPHUA, MarHus, UuHKA, Meau, pH KpoBu, ak.
TuBHOCTH CTM M uMcia JIEHMKOLUTOB MEHAIUCh YKE uepe3 1 CYTKM, BETUUMHBI
pCO;, BE, SB u BB nocne 2 cyrok, Hb — uepe3 3 cyToK, IioKo3sl — yepes
4 CyTOK, aKTMBHOCTh AST IOHM3WIACh TOJBKO IIOCIE 3aBEPILICHUSA BBENCHWUS.
Bo3sBpalenne K MCXOAHBIM BEIMUYUHAM Y OONBIIMHCTBA TOKA3aTEJIEH HaCTYy-
. TAJI0 TIOCTENEHHO A0 2—5 CYTOK IIOCJE OKOHYAHUSA BBEJACHUA IIpENapara,
Tonpko y CTM, pH xpoBu ¥ umcia JIEHKOIMTOB BEIUUYMHBI OCTABAINCh 6e3
M3MEHEHMI B TeUeHME cleayonmx 5 cyrok Habmoxenns. DITAKAJI oka3sl-
BaJ aNKaJOTEHHOE BO3JEMCTBUE HA KUCIOTHO-OCHOBHOE paBHOBecue. OH cTa-
OMIM3UPOBAT TAKKE HEKOTOPHIE TIOKA3aTeNM YMEHbIIEHMEM MHAMBUAYAIBHBIX
CYTOUHBIX OTKJIOHEHMI (MOUYEBMHA, HATPMIl, KaJBLIMIL, MATHMI, IMHK, MENb,
reMOrJIO0UH, SPUTPOIATE, JEMKOLMUTHI), HMBEIMIUPOBAT TOXKE PAa3SHUIY MEX-
Iy OTACABHBIMY >KMBOTHBIMM (MOUEBMHA, TJII0KO32, HATPMI, KAJbI[Mil, IIMHK,
9pUTPOIMUTEL, JenkouuTsl). CremoBarenvuo, jaeitcteue DIATAKAJIA nposasu-
JIoch DoJee CYLIECTBEHHBIM BMEIIATEIHCTBOM B pasHsle ofnacty Mmerabonnusma
ITOOTIBITHRIX KMBOTHBIX.
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