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INTR0DUCTION

Naturally acquired bovine leptospirosis may nanifest all
stazes of severlty from unapparent 1nfection, detectable only
by laboratory means, to an acute febrile foran leadlns to
death in a few doys. Aze, breed of cattle, individusal re-
sistance, and the particular infecting stralan are soue of
tne factors responsible for thls great variabillty.

Yourniz anliazls are more severely affected, witih reports
of loszes as nizh as 505 1n feeder lot situations (33).

Clder animals, even with no history of previous exposure to
the orgsnlisa, exhlblit fewar acute manifestatlons, perahzps
due to a forzser unapparent iniection or a physliolozlcally
acquired resistance. Ferguson, et 2l. (20), in a lialted
study, suzgsested that Jersoy cattle may be iwore susceptible
than Holsteln-i'rieslian, and thls might be extended to cther

breeds, Lentosnira porona 1s the usuel infecting serotyve

in the Unlted States, but even in this supposedly sero=

logically hounogjeneous specles, certain estrains &are uwore

virulent then others. L. gelroe, L.hyce, L. priocetyoshiona,

L. canlicola, L. icteroheorrinr-ize, ond the recently iso-

lated L. hardjo have Leen laplicated by seroloslccl pro=-
cedures (21).

Some variation i1s found in the reports of tihe ceverlty
of the disease 1ln pregnant cattle. Abortion in late pregs-
nancy is gilven as the only symptom in mozt cases (2, 22);

while the nore severe zcute febrile foran of the dlesecze haos



been descrived in other papers (3)). 7There 18 & similar
variation 1n reportiny abortion rutes, The flgure of 5-10/
is zost generelly found, even in herds showlns 100 cero-
logically positive animals. However, cn occacionzl abortion
"stors" wmay produce fetal losses zs hish as 22-477 in lar:e
beefl cattle herds,

Thls degree of variation, 1ts many roszsible causes, ciad
the actual mechanlsa of the leptospiral sbortion nhas been the
subject of much study and debate in recent yezrs. Te Fuusz
and Bishop (40) have suw:ested three major pouzsible cuuceus

l. FPyrexla and systerxlc reactlion in the naternzl orsoni

()

[#9]

Ly
resulting in ebortion.

2. Locallzel leslons 1in the placentoanes (uwcterncli-fstol
cotyledonary Jjunction) with interrupted troncfer of
metzapolites snd subsequent fetzl dezth and expulsloca.

J3e Actuz2l invasion of the fetus by leptoeplrae, resultiii;
in scute fetal infectlion, cdeati, ond expulslon.

veveral of theze postulStes have been the subjcect of furthser
investization. “orse and Mciutt (21) modlfy tie secoud cone=
tentlion to state that interference witn placental end fetzl
circulation mzy be the cause or contributinz factor in lepto-
spiral abortion. lorter, et zl. (34), sussest thct hormouzl
imbalance due to alterations of hormone-produclny maternal
crypts mlght be a factor.

Ferguson, et cle. (20) prorose a soluble toxin, produced
by the leptospira in the dGam, capable of passing the pla-
cental barrier and destroyinz the fetal erytarocytes, there-

by producinz anoxla, death, and fetzl expulslon.



Fenanestad and Bory-Peterzon (13, 14, 15) support postu-
late nunber three that leptospliral gbortion is most often
due to fatal leptosplrosls of the fetus, and have denonstra-
ted leptosplirae 1in aborted fetal material by silver impres=-
nation methods. They feel that autolyzls of the fetus des=-
troys these organiszs and accounts for nezatlve results
reported 1n rcutine culture procedures, Furtuer, 1ua oore
recent pagers (15, 17, 13), they state that acceptable evi-
dence has not beesn presented to substantlate thne toxin
hycothesis.

Since erythrocyte destruction can be determined by
sluple and reasonubly accurate metnods, it seemed of value
to explore Ferzuson's proposal as to the action of a hexo=-
lytic toxin and determine i1f fetal blood values were affectel
by mzternal leptospirosis. The hematolosical conatlituents
chosen for deterazinction were total erythrocyte and leuko-
cyte counts, differentizl leukocyte deterzinations, heuvo-
globln and hematocrit values.

fa eddition, a selected group of chemical deteralnations
were chosen to help clarify some of the iscues advanced 1ia
the possible disturvance of maternal-fetal transfer. Tue
bloold gases, carpon dioxilde and oxy:sen were naturally coa-
cerned 1n the erytirocyte destruction hypothesl:; ron-protein
nitro-en and creatinine would indicate renal damnce, the nost
concistent feature of leptospirosis; end glucose 1s a readily
diffusable metabolite, reduction of which could severely afi-

fect fetal developmente.



LITaRATURE RuVIkW

The published reports on fetal bovine bLlood values are
exceedingly sparse. In hls coxprshensive complletion of
blood values in 1953, Albritton (1) found only one reference
to fetal cattle. Tuls report by von Deseo (40), in 1923,
dealt entirely with the erythrocytic series of blood cells,
giving values for red blood cells, hexoslobin and packed
cell volune, lls main concern was with tne relative pro=-
portion of total sclids end fluld content of the erytLarocyte
at varlous gtages of fetal 1ifs.

Barcroft (4) combined 12 one volume his own extencive
workx on ovine prenatal development and all maeterieal avall-
able on other mammellan specles. Tiils included one short
perzoraph on oxysen dissoclation curves in a single elgznt
morth old bovine fetus. The originzl srticle by Roos and
Ronijn (37), however, is more detalled and reviews tlie work
on oxyzen capaclty in several specles. In maon, the materncl
oxygen capaclty wes hisher than the fetzl, but in rablits,
dozs, sheep, goats and guinea plizs, tne fetal values vere
15-25,7 higher thoan the maternal. These authors used oxen
to establish normal values in non-rre;nant cows at 10.23-
13.45 volumes per coat with sn averaze of 14.55. Determina-
tions were also made on oxen in the seventi to nliuth wonth
of preznancy, and eight 73 to 8 month fetuses. etal blood
in the last month of uterine 1life has a 2-127 hi;her oxy. en

capaclty than the wmaternal blocd and thie dilfference becomes



snaller as tora 1s epproached. The oxy:zsir dlssoclation
curves mentioned in Barcroft's boo%t show a larje jap between
fetal and matsernal curves provins, according to the autaors,
the great oxyzen avidity of the fetol bloode The yreat dice
parity between maternal and fetal carbon dloxide curves led
them to theorize the now proven difference bstween maternal
and fstal hemozlobtins,

Further secrch of the literature fziled to reveal auy
recent puvlications dealing specifically with bovline fetal
blood values. Tihe econoalc aspect would appear to be &
1imiting factor and, in fact, Roos and Romijn adalt thuat the
expense preventel further experlmentation.

Voluninous rejorts have appeared on varlous aspects of
fetal 1life in other mamazllian specles, particularly the
sheep. MNany of theue publications entitled "fetal stulles”
ere in reallty on newborn animals with the blood saaples
belns obtained from tha umbilical cord at birth (12, 25,
27)e It 1s impossible to complstely extrerpolate work froa
one specles to anotner, but the sheep and cow are falrly
close physiologzically, and soue of the findinzgs could be
uced as uideposts, at least. A volume by barcley, iranilin
and Pritchard (3) oa fetal circuletion (1545) reviewlns the
worx to date contains neny cougzrztlve stulles on many nsa-
mals, but the sheep 1s still the primary example, with the
huaan fetua seconid in voluce of experimental work.

Tae group of Dawes, wott cnd wWiddlcoabe 1n varlous
coubinations (9, 10), has extencive current publicatlons on

fetol clrculation and various blood szs rclationshlps in



‘

fetal lombse The work of ietcalfe, et £l. (3C), on uterine
blood flow and oxygzen comsumotion, compares oxysen diffusion
in three egpecles of enimals with different tynes of placenta-
tion. Following Barron's (5) hyvothesis that the gradlent
varies witin the thickness of placental membrane, they found
that the values for the three layered human placenta fall
between those for the sinile layered rabblt and the flve
layered sheepe.

Likewlse, certoln human studles may have 1ulications,
in a general way, for the values found in thls studye. Turn-
bull and Walker (41), studyinz red blood cell and hemnojlotin
concentrations in huzan fetal bloods, found that the hero-
£lobin values stabllize at 15 grans curdn; the last trl-
mester of pregnancy, whlle the number of erythrocytes and
the packed cell voluzme incrences as pre noncy clvances.

This suzisecsts that the red cell becouwes progressively suwaller
as fetel oe increesses. In foet, In 8 sequel to this arti-
cle, Walker and Turnbull (43) stzte that any rel cell over
ine micra iIn dlancter 1s a fetel cell ond that o2ult and
fetal hemoslobin is contained 1n sejparate cells.

The norzal edult bovine values are found ia such stond-
ard physlolosy texts as Dukes (11) and Coffin (Z). rer;uson,
et 2l. (19), report no siznificont relationshin between pro-
srecslon of prejnoncy with chanszes in nuibers of red and
whilte cells per unit volue or the percentase of dlfferent
types of white cells. Relncke, et 2l. (36), report a series

of carnon dloxidetorysen ratlos and recplrstory cuctients on



soat arterial and maiamary gland blood which mijnt llkewicse
be an indication in bovine blood jas relationshlips. Unfor-
tunately, Shaw's extension of thils work to cattle ¢lves cnly
the differences 1n volumes per cent rather thon the values
themselves (3%). These would have been useful criteria in

the maternal studies on oxyzen and carbon dloxide.



HATeRIALS ALD ¥MLTHCDO

Thirteen epparently normcl pure bred Holsteln=kriesiezn
helfers 24 to 30 months 0ld were used in thls project s
experimental enimalse. They had been obtained at & to 12
montus of aye end kept free from contact with other animuls.

All were official Erucella sbortus strain 1) vocelnates, and

thelr sera were negative for leptospliral antibodles as deo-
tercined by the modified agszlutination lysis test (32) with

L. vomona (Johnson), L. canicolza, and L. icterohenorrh-.ice
- ] - -—-————-—. ==

L~

(A3) antl:ens. The helfers were bred artificlally witn
gemen kindly supplied by the iKichigan Artificisl Dreeders
Coonerative.

The carotid arteries were exterlorized in order to ob-
taln the maternal blood szuples wmore easily. IFrom one to
8ix pre-infection determinations were made oan each animal to
establish base normals.

At stages varyln: fro: the fourth to the eighth month
of pre-nancy, eseven of the heifers uere inoculated subcuto-
neously with five ul of L. pomona (s traln wilckord). Tho
inoculuin was hepsrinized pulnea plz or hauster blood obbtulned
durin; leptospliremia. Thils strain of L. rcmonsz waid choscn
for 1ts virulent properties and had been kept in enlinal
ease slnce its 1solation from the urine of an Infected cow.
Controls recelved 5 ml of normal blood froa guilneo plgs or
hamcters. One anlmal was intra-uterinely infectod cs des-

cribed by Norter (3%). The ono rexzining aniaal was found



to be not pre.nant, so was dezisnated as a norinal, non-pre; -
nant, non-infected cortrol., ©See Table 1 for animal nuabers,
rerlod of jestatlion, route of inoculatlion and final dlspc-
sition.

dacterliolosical and serolozical evidence of infectlon
has been reported elsewhere (33), since these animals were
used for several different asvects of experimental lepto-
8pirosis,

The day of necropsy, a maternal arterlal saumple was ob-
talned, then a hysterotouy wes performed after tranqulliza-
tion with quueléaand anaesthetization by a procaine T bloct
of tne left paralumbar fossa. Fetal venous and arterial
ganples were obtalned from tne umblilical veln and artery
for coaparative studles, especlally of the blood ases. ©Due
to the lars;e nunber of separate deternminations desired, 1t
was neceascry to procure at least 20 ml of blood from ench
site and divide this into 4 separate sazaples. The uwethod
of treataent of these sanples, the determinations for which
ecch vas employed, and the test procedure used in obtoining
velues are as followss

l. 5 ml of blood added to dried 20,7 potassium oxalatse
under a layer of mineral oll, for the blood o3 delerzina-
tions usins the Van Slyke and Kelll wmethod for simultoneous
deteralnation of cervon dlozxlde and oxygsen in a slusie
semple (35).

2. Approximately 3 wul of blood combined with 0.1 ml of
107 potasslun oxslate for most of the renaining cheunlcal and

heimatologlcal deterninations. Total erythrocyte and
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leukocyte values were calculatel by stoadard methods, and
the new cyanmethemosloblin procedure was uszed for the heno=-
cloviln (7). For efficlency, ths three rcucining chsulcal
values were all determined on Folln-¥Wu {lltrates; glucose
by the method of Folin and Wuj; non-protein nitrozen by the
Koch and Vcieekin nodification of the orisinal Folln and wWu
methed; ard the creatinine by the Folin arnd Wu alialine
pilcrate nethod (24).

3. 2=3 ml of blood edded to the dried residue of 0.5 ml
of a comklnation potassium and ammonlium cxalete for the
hematocrit estimation aefter the method of wintrcbe (7).

4, 7Tvo blood smears were male on ilass slldes, stalned -
by wright's wethod, and examined for the differential leuko=-

cyte deter:zination (5).
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ReULT S

The hematclozgliezl and chnemlcel values obtalned ia the
various deterzinatlons on maternzl and fetal blcod at veri-
ous etazes of gestation are sumnrarized in Tsbles 2 throuch
6. The maternal values for both non-infected aad lntraperi-
toneally 1nfected animzls compare well with the noa-prejnant,
ron-infected contrcl helfer, and are well within the norasal
1imits as given in Dukes (11) and Coffin (£). Tnere 1ls no
basls for comparlzon of the fetal values, other than the
erythrocytic serles, and the values ;iven by von Jeseo are
closely paralleled.

Chart 1 compares the changes in the fetzl erytharocytic
serles produced by the two routes of iInfection. Figsures 1
and 2 deplct thnese changes pnotopraprhically. The other
vzlues for the fetus from the intra-uterinely infected dam
were not outelde the rance established on the remainln;
fetal samples,

Table T gives the respiratory quotients of the fetuses
from the 6 month infected, 7 month infected 2nd 9 wonth non-

infected heifers.



Table 1. Experlaental Animal Jtatistics,

Staze of Gestation

Anirmal at Teralnation route of
Number in months Infectlon
T € Intraperitonoal
7 Intraperitoneal
10 T Intraperitoneal
353 T Intraveritoneal
1 3 Intraperitoneal
5 3 Intraperitonenl
03 8 Intrajeritoneal
13 7 Intra-utcrine
17 6 don-intected
3 3 ion=-infected
9 Q ton-infected
oT*
L

* Normal Controls
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Table 6. Glucose Determinations.

Non=Infected Intro=- Intra-
Feritoneal Uterine
Stace of Infectlion Infectlon

Gestation 3Sansle .

in monthe 3ource Glucose mg 4 Glucose mg % Glucose mg #

e  §

D

| ~ e

{1) (1)
6 P 69
A 60 130
FA 350 212
mw z16 212
(3) (1)
7 P 80.5
M T5e3 100
FA 212 260
FV 2156 230
(1) (Z)
8 F T2 &4
i T2 107
FA 1%9 204
FV 134 1297
(1) {2)
9 7 T4 KoM AL
ot T1 ) COLTRCL
FA 147 71

KV 170







Table Te

retal Reapliratory quotlieuts.

Sazrle Veluzes 5 VYolumes [0 “
Azs of Tetus Lource 02 Cu2 ReGoe
6 months Umbilical
irfected Artery 0.0 533
Unollicel 1.00
Veln 4.3 43,5
T months Umbllical
infected Artery 0.25 494
Uzbilical 0.704
Vein 3.7 4609
g months Lmbillical
non-infected Artery 1.3 43 .5
Umbilical 1.05
Vein 5.0 44 1

Venous=Arterial CO, Volumes %

* R.QO =

S d

Arterial=Venous O, Volumes j
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Figure 1. Blood smear from the sixth month fetus of a dam infected intra-
peritoneally with Leptospira pomona., Cells appear normal in size and shape.

—

Figure 2, Blood smear from the sixth month fetus of a dam infected intra-
uterinely with Leptospira pomona. Note anemia, poikilocytosis and aniso-
evtosiis, Arrov indicates normoblast (nucleated red cell).
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In general, the values obtained would seca to substan-
tlate observations made by workers in severzl different
fleldss UNo significant change in levels between non-infected
end intraperitoneslly infected prei;nant helfers wes found.
These velues, in turn, are not outside tune range established
for normal, non-pregnant cattle. Thls agrees wlth published
reports on blood values in pregnant cattle used in experi-
mental woriz on other bacterial dilseases., It 2lso would ap=
pear to support the workers who found few clinical symptons
in cattle infected with L. nomona in the laet trimester of
presnancy.

Tne varlations between sanples obtained from the uwbil-
ical artery and the umblllical veln are elther too slizht or
too inconsistent to be of any sl niflicance except in the
case of the blood zases, The waln purpose 1n collecting
both arterlal and venous saaples was, in fact, to coampare
these blood iases so as to assescs the effect of a poselble
leptospiral hemolytic toxin. It must be Xkent in mind that
the fetal circulation 1s the reverse of the normal adult
circulation, witn oxyzenated blood carried 1a the wsbilical
veln ené the arterlel blood ectually contalning reduced
hemoglobin and cerbon dioxicde which is telnz returned to the
maternal circulation.

The values given in standord clinical texts for most

animal epecles have very wide ranses walca may be due to a
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great varlatlon amcnz different breeds. Lost of the values
determined in this werk fall in a much narrower range &3
would be expected with animals of the same breed. The blood
zas determinations were the most varlable, and slnce these
are the sanples most affected by exterrnal factors, this 1ls
nut too surprising. Reineke, et gl. (73), found that excl-
tation, whicn increcses the carbon dloxlde:ixygen ratlo
could be prevented by enaesthetizinz the aniaal before ob-
taining the blood samples. On tno other haond, eXcess anczes-
thesia must also be avolded since tnls leacds to apparently
reduced respiratory quotients. Dawes and M¥ott (9) lixkewlse
list snaecthesia amony the causes of the great variazation
they observed 1n their oxygen values. Ihaw (33) found large
fluctuations in both blood gases when the samples were taken
within 15-20 minutes after ensesthetlzatlon. Clnce our
fetal values had to be obtained on viable anlzals, 1t was
neceszary to obtalin both maternal and fetal samyples lonj
before this desirable time lag could occur. Come diffl-
culties were alzo encountered with certsin heifers wno were
refractory to tranquilizers and anaesthesla. iaturally, too,
a few blood samples met with such seemin;ly unavoldable ac-
cidente as clottinz or even leaksge or droppace durln the
trip froa barn to inboratory. This accounts for the blank
spaces found in the tebles or for certaln averazes telng
computed on a smaller number of tests.

The reztiratory quotients given in Table T ecre the only
tliree sets of fetal velues which fqll in a range permlitting

thia cnalysic. The fact that even these few coaparlsons



could be made 1s encourasins and proves the technlques ars
worxzable if more 2nl better sarvrles could be obtained. The
8nall number of anlimals avallable liults the possible inter-
pretatlions of many of the determinations. Tliese quotients
are within the 1limits found by otiier worisrs on waternal
blood samples. Unlty is an approximate medlan for these
guotients wlth some worikers reporting from 0.5 to 2.0. The
grcat disparity in materncl and fetal oxyzen values indi-
cates tnat the much lower fetal oxyen value contributes to
what one author calls the oxyioen avliiity of the Ietus, and
the very low values ia certaln caces (6 sud 7 month infected
and 8 ronth non-infected) arzues for almost complete utili-
zation of all aveilable oxysen bty the fetus.

The fetal izlucose and nitrogen values are hijher than
the maternal values in all but one case (non-gzrotein nitro-
gon in the 3th month non-infected helfers)., There 13 no
publisned data to account for tihe nltrozen results, but
bvovine glucose concentratlons may follow the pattern dls-
cussed by iuzsett, gt 2l. (26), in thelr ghesp studies. In
the co.uaonly used methods of zlucose deteramlinatlon, 1lnclud-
iny the Folin and Wu peocadure used in thils parer, a com-
tination of reduclas subztances 1s sctuslly beins measured,
Tnls inclules a variable azcuint of fructose. Tney feal that
the maternal ani fetal glucose concentratlons should be ap-
rroxzimately equal, with the appasront excesds 1ln the fetsl
blood representing the amount of fructose pressnt. Glucose
1s diffusable throush the placental weabranes in elther

direction, but fructose cau only go froa mother to fetus.
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It can, however, be reailly produced by the fetus froa glu-
cose and may be utilized better in this form by the fetus.
Goodwin (23), who haa divided most mammels (including whales)
into two groups acccording to tae concentratlon of fructose
in the blood of the {etus, finds apprreclavle {ructose in the
calf at blrth and chortly after, Thiz work illustrates
azola the usa of the word fetus when the expsriuerntal animal
1s ectually new=born.

The hemctologpicol values subsbteatiate certain predlc-
tions and ouservations. Thno leultocyte counts showed 110 ap-
precieble change ia either total nuaboers per unit volume or
in the percentages of tha dlfferent types of white cells for

ny of the epeclzens: fetal or maternal, inlected or ion-
inTecteds This would indicate thzat the Infectlon was not
of the severe, accute typs which causes greatly increased
nurbers of cells with aa absolute lacreace of lzaature poly-
worpiacnuclear leuuc Cy ‘Les .

The maternul erybarocyte, nounozlobin, and heuatocrit
values likcwizse gchowed iiltile deviatlion in 1rfectei anll NOIiw
infected helferc. The fetal values seeméd i affoctea oy the

o

intreperitoneal uaternal infectlon, but 1 the felus of tae

A

Intra-cterinsly 1nfected nelfezr, the Cramctlic chzn es cuown

-

in Chert 1 occurred., Tils derzonctratss that wioen the lepto-

N

spiral organleam acbually entors the uterus, the {atus is
Zefirnltely and severely aiffected, with a droy 1n neuwozlioblin
concentration of alumost 504 froa an averaze venous and erte-
rial ccncsntration of 3.5 srems/i00 wl of tlood to 4.3

srszs/100 ml. The hemetocrit, in like manner, dropped from
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a packed cell volume of 33 ml/100 ml of blood to only 16 ul/
100 ml, agsin averasing the fetal venous and arterial values.
The total erythrocyte value, dropping from an averaze of
6,530,000/cu.mm. to 2,080,000/cu.mm. appears to be the most
geevers changse of the three determinations, but this estl-
matlon 18 also the onc with the greatest inherent error.
Therefore, the henoglobln and hematocrit values are a truer
representation of events,

In Fizure 1, a blood srmear from the 7 month fetus of
intraperitoneclly infected heifer /10, the erythrocytes
appear normal in size and shape. Figure 2, a siuiler smear
from the 7 month fetus of intra-uterinely infected heifer
#13, exhlbits marked polkilocytosls and anisocytosiss The
arrow indicates a normoblast (nucleated erythrocyte), an la-
mature cell relecsed by the bone marrow into the peripherel
circulation tecause of hypoxla caused by the great destruc-
tion of circulating erythrocytes. As indlceted in Table 3,
the two fetal samples from heifer 15 averased 133 normo-
blasts per 100 leukocytes.

To draw the obverse correlation, since the fetal blood
concentrations of these varlous constituents were not af-
fected by the intreperitoneal infection of the dam, 1t would
eppear that no toxin crozsed the maternsl barrler.

Naturally, an ebortion, or abortions, would have pro-
vided an=zwers more on the poslitive side, but the small nun=
bers of anlmale, and the low expectancy rate of ebortions in
leptospiral'infections dld not favor thle occurrence.

2auer's (6) work with sn hemolytic exotoxin in lacbs,
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and further studles with this hemolysin in our leboratory in
presnant ewes, stronsly suzcests that thls substance 1s the
fector responsible for the erythrocytlic destruction leading
to Jaundice, henmaturla and renal damage of the classic,
acute formxs of leptospirosls. Etrsins of L. pomona have
been showm to vary in their hexolytic activity and thils,
alonz witn 4ndividual physiolozical differences as prevlious-
ly dlscussed, moy account for the wide variatlions in symp-
toms 1n leptosplral 1afections due to tho pomona serotyre.
Cur next step, when animals are avallable, wlll be to
try this herolysin on presnant neifers to see if they follow
the same pattern as the evwes, or 1f thls marked red cell
destruction has some specles specificlity due to increased

erythrocyte frasility.
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SULLIARY

Trne intraperitoneal infection of seven presnant helfers
with L. pomona felled to produce any significant chanze in
fetal blood v2lues in a selected group of ten chewlcal and
henatolozglcal cdeterminations. The intra-uterine infectlion
of one pre;nant heilfer with the sane straln resulted in a
definite reductlion in the fetal erythrocyte count, hexozlobln
content and volums of pocked erytirocytess Thae remalning
blood values were not affected in this fetus. These results
would appear to nezate the hypothesis that leptospiral bo-
vine abortion 1s produced by death of the fetus dus to a
toxin wihlch 1s capabie of crossing the blacental mecbrane,

Tnls smnall serlies of deterzinetlons establlishes a ranse
of bovine fetal blood values during the sixth to ninth month

of uterine life.
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