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SUMMARY: Water metabolism, nitrogen and hydric balance were evaluated in calves experimentally
infected with two levels of Haemonchus placei. Nine calves, males, Holstein-Friesan, five months old
received by oral route 1000 (n=4) and 2000 (n=5) L, of H. placei per kg of body weight. Physiopathologic
studies were conducted in two phases, before and after infection. In each phase of five days, animals
were kept in metabolic cages and injected with tritiated water. During this period, samples of bload, feces
and urine were daity callected for laboratory assays; the intake of food and water, and the output of feces
and urine was thoroughly measured. Animals were sacrificed 35 days after infection, worms in the
abomasum were collected, counted and classified. Results showed not many significant differences in
helminth burdens related to the infective dose, except for L, which population was larger than that of
adults in both dose levels. There was some decrease in the packed cell volume after two weeks of
infection, particularly in calves infected with 2000 L, which showed lower and more persistent hematocrit
values than those infected with 1000 L,. Calves infected with 1000 L, also showed significant (p<0.05)
increases of the total body water and water turnover rates and reduction of its biclogical half-life. Animals
infected with 1000 L, reached the hydric equilibrium. Only the decrease of body weight gain was significant
(p<0.05) in animals infected with 2000 L, . Other slight changes suggested only water retention for longer
periads. Excreted nitrogen did not overcome ingested levels because of the high protein levels in feed.
Reduction in the proportion of bady fat in the patent period of infection with 1000 L, was interpreted as a
large energetic demand produced by the immune response and parasite spoliation.
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INTRODUCAO

Hoemonchus placer is an important nematode causing
parasitic gastroenteritis in caitle, particularly in calves of
fropical or subtropical areas because of irs wide
distribution, prevalence and pathogenicity. ln Brazi it ranks
second after Cooperia spp. showing a mean prevalence of
80%. according to epidemiological studies in different
regions: it is the main responsible for the high helminth
summer infections {IHHONER & VILIRA-BRLESSAN, 1992).

A variety of gasurointestinal helminths is usually mvolved
in the gastroenteritis process reducing absorption and
utilization of nuirienis. They cause anorexia, weight loss,
impaired development, faulty reproduction and consequently
reduce animal value (BREMNER, 1982).

The degree ol physiological disturbances alfecung the
productivity of animals suffering from parasitism is related o
the level of infection, parasite genus, age, nutritional and
immunological condition of the host. There is also interference
in the retention and balance of nitrogen. reduction ol
metabolism and of protein synthesis; changes and reduction
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of the energetic netabolism whose mechanisms have not yet
been precisely determined and interference tn the water and
electrolytic balance {(BRENMER, 1982; HOLMES, 1987).

The most common method o evaluate the effect of
parasitism in animals, is through live body weights or the
weight of carcasses after slaughtering. i beef cattle.

According o HOUPT (1984), there 1s some variatien m the
body water of animals. The amount of body water depends
upon animal species, age, sex and nutritional condition. The
quantity ef water in the organism remains constant day after
day, being regulated by the ingestion, or indirectly through
the excretion of urine, teces, through the skin and by breathing,

Some studies have already shown that water and body
composition as well as water consumption and its retention
by the organism are subjected to changes m ruminants
exposed 1o nawural mixed mlections by gastrointestinal
nematedes or by single induced intections (BAKER er afif
1965 HALLIDAY ¢ adif 1965 ENTROCASSO et (lii 1986), The
mechanisms of these changes have not yvet been examined in
detail, but such changes clearly show that tissue losses attributed
W parasthic nfections cannot be determined only by changes in
body weights. Some other intrinsic factors such as nitrogen
absorption and the energetic metabolism are also mvolved.

VIEIRA-BRUESSAN ez afii(1992), using tritiated water, stuclied
the body composition of calves infected by oral route with 300
LA placeikg/body weight in comparison with non infected
controls. in this study there were not very much differences
berween the groups. However. even the subclinical infection of
H. placei produced some increase in the water turnover. There
wis also a decrease in the half=life of tritiated water with a discreet
increase in the volume and proportion of body water.

Rased 10 those ohservations this study was designed to
evalune the pathological and physiological effects in young
calves exposed to two levels of infection by H. placei. This
was made through the body water study. body compaosition,
and water and nitrogen halance by using the technique of
ssotape dilution (witiated water).

MATERIALS AND METHODS

Experimental design: Two trials (Lxperiments 1 and [1) were
conducted with calves. expernmentally infected by oral route
with 1000 and 2000 1L, A placer infective larvae/kg’ body
welpht. respectively.

Four calves (N"s 1. 2, 3 and 4) were used tn Experiment T
and Nve calves {N"s 5.6.7, 8 and 9) in Experiment 11, Tritiated
water, nitrogen and water balances were pertormed in the two
phases ol both expernments. as stated by VIEIRA-BRESSAN
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er alii {11996). In the first phase. animals were under normal
condition without infection. In the second phase, they were
mlected and showed clinical signs of huemonchosts. Intervals
hetween the two phases correspond 1o the development of
the prepatent period of infection.

Fach phase study with tiated water wus conducted for
five days, i which calves were kept in metabaolic cages, During
this period, samples ol blood. feces and urine were daily
collected: the intake of tood and water. and the cutpint of
feces und urine was thoroughly meusured.

The daily clinical monitoring of animals was made throughout
the experimental period. After the sccond phase. animals were
sacrificed and helmamths recovered lrom the ubormusunt,

Animals: Nine Holstein-Fricsan worm-free calves. three (o live
months old, kept under isolation in metabolic cages at the
“Biotério de Grandes Awmimais do nstituto de Ciéocias
Biomédicas du Universidade de Sdo Pauia (TCB-USPY” Hrant.
Fach call was [ed twice a day with 300 g of o commercial
pelleted concentrate containing 16% of protcin {Ternerina-
Purina S.AL) and one kg of hay (Coust -cross, (viodon
dactvlon). Water was supplied in 5 liter recipients and the
daily consumption recorded,

Parasites: Infective third stage larvae (L) o A placei roma
strain colonized in the Laboratory of Veterinary Helminthology
of TCB/USP since 1987 Tarvae were stored at 4° Cup o the
moment ol infecton. The storage period was no longer than 2
weeks. The infective dose was ot 1000 (Experiment [ or 2000
{Lxperiment [1) 1., perkg of live body weight.

The establishment of infection was monitored by
examination of fecal samples collected directly from the rectum,
lsgg counts were conducted by using a McMaster modilied
rechnigue (WHITLOCK, 1948).

Neeropsy and helminth recovery: After tinishing the second phase
of nalization of titiated water, on Day 35 post intection, calves
were sacrificed and necropsied (ollowing the procedures deseribed
by VIEIRA-BRESSANeraffi (1993). Recovery of eventual immatume
stages attached to the abomiasum was obtiained by placing this
organ with the mucosal surtace down i a water bath ol
physiological suline solution ar 429 C for six hours. Alier strring
up, ten percent aliquots of the total contents were taken and
helminths found were counted and classiticd according 10 their
development stage and the eriteria of DOUVRES (1957).

Radivactive assay: The radioisotope injection followed the
protocol used by VIEIRA-BRESSAN e afif (1992), with few
alterations, In this present study was used approximately
I Mhq ot tritiated waler per kilogram of bedy weight.

After the radioisotope injection, samples of bleod were
collected at 2,3, 4, 5.6, 24,48, 72,96 and 120 heurs. During the
second phase, an additional sample was celiccted at tme 9
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{Tol, .., before the injection ol tritiated water o deduet from
the results the residual acuvily of tnitiated water which was
ijected o the first phase.

From the blood of each wimimal a sample was used tor the
hematocrit, and atler it the plasma was separaled. At the end
ot cach experimenta) phase the activity of plasma samples was
measured 10 the scintiflation solution of PATTERSON &
GREENE (1963) by means ol a scitillation spectrometer
(Beckmun Instrwiments, LS Analvsis-Version 3.1 - A).

Water balance: Metabolic water and losses by evaporation of

hody waler were calculated by indirect immethods recommended
by VELRMA er afii (1980,

sampling of feed. feces and urine: The alimentary regimen
reminned equal 1o that one used in the individual cages.
Samples of feed were collected for bromatologic assays and
the Tood and water left over, were weighed or measured in
araduated cylinders, respectively.

Urine was measured and 10% aliquots of the total volume,
wwice a day. were kept in vials containing concenirated sulfuric
acid. Samples ot teces, urine and food were preserved at -20° €
up to the moment ol assay.

Nitrogen balance: Determinations of dry matter of hay samples
and teed concentrate were estimated after drying samples ina
ventilated oven at 607 C0 Alter grinding. samples were
honogenized and put mto the oven at 1607 for 24 hours, The
two dwly samples of cach antmal were pooled for a single
assav. Afier homogenized they were weighed and put into the
ventilated oven at 60° Tor 48 hours.

Total nitragen was determined by the Kjeldahl methods.
The macro Kjeldahl was used in the fecal and food assays. the
nucro Kjeldahl in the urine assays (A O A C 1980).

Statistical analysis: The Mann-Withney s non parametric test
lor the compartson ol twa samples was used to analyze
parasitological and hermatocrit data. The paired + Student
testincluded in the software SAS (1982) was used 1o unalyze
variables occurring in the studies of body water, body
composition and nitrogen balance. The r-Student’s test was
also used to compare data ol experiments Tand 1 after inlfection,
[ abl tests the significance level used was p< .05,

RESULTS

Clinical observations: Pallor of the visible mucous membranes
was gradually apparent fotlowed by loss of hair gloss at the

bevinning ol the second week post infection. By the end of

the third week these symptoms reached a climax, particularly
in those calves infected with 2000 L. . Feces of animals infected
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with 1000 L, became less consistent, like a paste, throughout the
third week, while in the group infected with 2000 [ this occurred
only in a single aimal. Towever, diarrhea was obscrved on Day
34 post infection, ths sign persisting up w the end ot the sl

Three catves oul of four animals befonging to Experiment [
developed a submaxillary oedema. This sign was noticeable at the
begimung of the fourth week post infection. From this time omwards,
this oedema was clearly apparent up to the time ol slaugher.

All animals of Fxperiment 11 showed the submuaxiliary
oedema which begun on Day 23 post fection gradually

deveioping up to the end of the trial.

Fecal egy counts: Figure 1 shows the results ot fecal epg
counts. Al animals of experiments § and 1 passed eggs off
H. placeiin feces beginning on days 30 and 32, respectively.
up to the end of trial. Only on Day 30 there was a significan
difference (p<:().03) between egg counts of the lwo experiments.

Helminth burden: There were no significant differences
hetween the helminth burdens of H. placer in expernments |
and 1F on Day 35, in spite of the infecuve Tarval dose of 1000
and 2000 L, respectively (Table 1) The parasite burden of
maost develbpmem stages within the mean ol the wtal
popudation was similar among the animals in both experiments.
The only exception was the population of L, stznilicantly
(p=0.05 larger than the pepulation of adults (Frg. 20

Table 1 - Worm burdens and tatal number of nematodes at different
development stages per animal, 35 days after infection with 1000 L
and 2000 L, H placeilkg of live body weight.

Farenimiant 1 {1000 1 2Kn Expanmart 11 [ Ui Ky

Arimmiet Aol Lt Tatal  anrmal  Amilfs L. 1 R
; cany i el

1 AT RS0 00 300 = 400 a0 1200 - e
Z 2400 14500 AN o Z1200 r £ i 1=bLi ) . i
kS T aY0C ZBUY ¢ SR B 3200 ZEEOG IS0 u R
4 @700 10503 3500 10 19000 a [RUH} TN I o TR
o By PN 10 K U

e 32600 1GAR0C BN TR s ST 2K 4

BSCHT  IRWEE  TIMA RN ZI%BH Py
L = 4th larval stage L, - St larval stage

Table 2 - Mean body weight, body water and body composition in
calves before and afler infection with 1000 L, and 2000 L A.placer
kg of live body weight. Data found out by means of triliated water.

Treatrment Livestxady T Vater lotalboxty Rocty Bratytrx:
weght lumever Wl “ offit
(K (Feans) (faay + i {%h v ety

Irtectaco OT12+635 9537+0191 1HE2+ 1117 BAATESTYT 3290x202 67102202

(1000 L, n=4)

Naokfecado 931862660  1696£1271 1043+195% /116+464F 436247365 56400500

{n=4)

Iniectado 1BE8+4.73  12028+18(02 1377+169  BATR2A5 40421340 BHSH<454A

{20001, n=5)

Naolnfectada  1005+541F  1M026+9097  1173:050 76842464  4414:070  LbO0+0/0

{n=5)

n=number of calves Different superscripts letiers mean p<0 0%
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Hematocrit: As shown in Figure 3, after Day 28 post infection,
there were some differences in the mean values ot hematoerit
which became greater in animals of Experiment . These
differences were significant (p<0.05) on days 31 and 33, They
were less significant (p— 0.06} on days 29 and 35 post infection.

In Lxpeniment | the initial value was 27.5% = 1.73, the lowest
mean value occurring on Day 25 (16.25% £ 3,77). Alterit, the
values showed some recovery up to the end of the trial reaching
the level of 21.25%+.2.63.

In Experiment [1 within the first week of infection the
hematocrit dropped about 3.2%. This difference increased on
the second week when the mean value was 21.4% + 0.89 on
Day 14. On the third week the initial hematocrit value of 28.8%
+ 1.79 dropped to the average of 18.2% + 6.10. On the fourth
wecek the mean values dropped (o the low level of 13.4% £ 2,97,
At the end ol the tral they were also very low (13.8% = 3.9)
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Fig. 1- Mean number of eggs per gram of feces (EPG) in calves
infected with 1000 L3 and 2000 L3 H pfaceifkg of body weight
throughout the experiment.
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Fig. 2 - Mean number of H. placei at different development slages
and mean worm burden in calves of experiment | and ll. 35 days after
infection.
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Fig. 3 - Mean values of hematocrit (%) in calves infected with
1000 L, and 2000 L, H. placei/ kg of live body weight before and
throughout the exgeriments.

Body weight: Mean body weight gains were 3.9kgand 9.1 kg in the
tirst phase (non infected) and the second phase (inlected) of
Experiment [ and Experiment [T, respectively { Table 2), The differences
between phases were stgnificant (p<0.03) only in Experiment T,

Body water and body composition: After infection, the total
body water (TBW) significantly (p<0.05) increased in the
animals infected with 1000 L3, the same occurring with the
water turnover (Table 2). Such differences represented an
average mcrease of 24.8% of TBW and 48,8% in the waler
turnover. The time of the hiologic half-tife of tritiated water
(T1/2) and the proportion of body fat, both undergone a
reduction of mean values after inlection. Considering the
decrease of body fat, there was an increase of the mean value of
body werght without fat, but such difference was not sigmficant.
None of the vanables such as T 172, daily water turnover,
TBW., body fat and body weight (ree [tom fat. showed
statistically significant differences between the two phases
with calves infected with 2000 1.3 (Tabie 2). Aside. it should
be noted that these vanables showed o similar behavior to
that found in animals from Experiment |, except T1/2 values.
Water balance: Water produced by the internal metabolism
(metabolic water} increased from 4,642 78 10 6.07 £ 2. 1R per day
(p=0.0%): water loss due Lo evaporation increased from 6.31+ 1670
1027 +£2.32 (p— (.07} per day after the expenmental infection. Such
differences are increments ot 30.8% and 62.75% respectively, when
compared 1o the first phase but were not statisteally signiticant.
Water produced by the internal metabolism {metabolic water)
decreased from 3. 18 = 7810 2.78 4+ 1.99 per day: Water loss due
Lo evaporation increased from 5.97 = 126 10 6.21+ 2.25 per day
atter infection. Such differences were not statistically significant.
During infection, the water from feed ol animals infected
with 1000 1.3 was significantly {(p=0.05) farger than in the
previous phase, before intection (Table 3).
Feed intake, excretion of feces and urine: Calves of Fxperiment
Isignificantly (p<(1.05} drank 62.9% more water atter infection
than in the first phase (Table 3). The toial output of water
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through feces and uring showed a significant (p<0.035) trend
tor increase, reaching 27.4% after infection. The intake and

excretion ol dry matter and consequently the coeflicient of

digestibility and feces excretion did not show statistically
significant dufferences in the two experiments.

In Experiment 11, the single variuble showmg statistically
sienificant (p=0.05) difference was fecal excretion that showed
13% increase, e, from 3.0 kg + (.33 t0 4,07 kg £0.52 per day
afterinfection (Table 3). There were not statistically differences
among other variables such as water intake and output or dry
mater, between the two phases. However, it is important to
notice that there was an merease in waler consumplion and
wialer excretion after mitection m both vials. Staustucally
signiticant (p=4).05) differences of 22.69% and 23.25% were
observed in Lxperiment I and Lxperiment [1, respectively,
Table 3- Mean daily intake and excretion of water and dry matter plus

fecal excretion in calves before and after infection with 1000 L, and
2000 L, H.pfaceikg of live body weight.

Treatrnent Waler Water excretion (i &) Dry matter (Kg d) Fecal
Intake Urine Faces Total Input Output outut
{l o) Kgd?)
Irfextec 9450577 213:00 3122028 5254088 257:011 Q751004 3871032
11000L,, =4}

Noninfected  580:060Y 1641031 2482007 4121040 2621008 068:002 3152079
n=4i

Ir et 10481163 3701081 335:048 7061089 2631016 0723007 407+052%
(20004, n=5)

Monfedted 85501530 2901040 2831028 5721050 275:006 0752005 3601033
HER=]

e nerher of calves, Difterent superscrpts letiers mean p<d G4
Nitragen balance: Table 4 shows that nitrogen intake by calves
mfected with 1000 L3 significantly (p<0.05) decreased from
64.72 o ta 3858 ¢ per day. thus occurring a trend to reduce
mitrogen retention. Other variables such as nitrogen excretion
through feees and vrine, and nitrogen bulance, did not undergo
stgniticant changes after infection with 1000 L., oreither 2000 L.

Table 4- Daily means of nitrogen balance in calves before and after
infection with 1000 L, and 2000 L, H.placeilkg of live body weight.

Trestmen Nitrogea Nitrogen excretinon {gd’) Nitrogen balance
intake fgd ) Fues Urina Total {gd
Infected (1000 L, n=4) 58584210 106910468 12433192° 23122234 3bA6 27
Noninfected {n=4] B4 V21800 955+043 13a0+1.11 24362152 4040081
Irfected (2000 L, n=h)  B135+306 1042+102  1800+1 133" 2R42+4225 3282223
Moninfected (n—8) 61504317 9421023 17501177 26912158 HA.B0+320

= number of cialves Oifferent superscripts letters mean p<0.05

Comparison between calves infeeted with TO00 1., and 2000
[, H.placei: Comparison between variables of Experiment |
and Lxperiment [ did not show significant difterences related
1o body water, body compaosition, water intake and excretion,
dry matter, fecal output and nitrogen balance.

lahle 4 shows that onty nitrogen excretion through urine was
signiticanty (pre0 05 smaller in calves infected with L0001, than
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those infected with 2000 1. . This leads to a discreet increase of
nitrogen retention, although not statistically signilicant (p+0.05}.

Data from Table 3 shows a trend for 2 smaller excretion of
water through the urine in calves infected with 1000 L, when
compared (0 those nfected with 2000 L, although not statistically
significant (p—0.07). The same trend was observed regarding the
excreted water {Table 5). However, when the mean figures of
metabolic water are compared, they look significantly (p<0.05)
targer in calves infected with 1000 1., (Table 5).

Table 5- Water balance in calves before and after infection with
1000 L, and 2000 L, H.placeifkg of live body weight.

I reatment Water from Water excreted Metabohc water Fuapomiten

food (i) {lied) i) water {l'd)
tnfected (10001, n=4)  945:0.57° 5251059 607£2.18° 10272232°
Non Infected (n=4} 580+0.60° 4121040 4684134 8310187
Infected (20000, n=5) 10481153 7052099 278414990 6212268
Naninfecled (n=5) H55+1.30 D7) 318x278 5971126

n-number of calves [ntferent superscripts letters maan p<0 06

DISCUSSION

In both trials, clinical signs showed by animals after the
experimental tnfection agree with the classic pathological
aspects of haemonchosis in domestic ruminants. This refers
1 the gradual development of a submaxillary ocdema.
increasing pallor ot'the visible mucous membranes, decreasing
packed cell volumes and development of a persistent anamic
condiion {ALLOMBY & DARGIF, 1973

The decreasing of PCV values in the second week post -
infection, that have also been mentoned by several authors
(HARNLSS ef afir, 1971 BARONI & SANTIAGO, 1983; ABBOTer
afii, 1988 GENNARIerafii, 1991 ywas more intense and persistent
mamals of Lxperiment 1T, According to HARNESS ¢ alif¢ 1971)
this 15 caused by the population development related 1o Jarge
doses of nfective tarvae in which the competition by foad and
the concurrent host resistance extend the patent period and
blood spoliation by the parasites. The preputent pertod 15 also
prolonged as ohserved in two calves intected with 2000 [ /kg of
body weight passing out eggs of /1. placed late 1 feces. The
reduced proportion of /£ placed aduit females in the parasitic
papulation would explain the low fecal cgg counts.

BARGER & LE JAMBRE (1985} observed that the
establishment of infective larvae and their further survival wre
not atlected by the size of the infective dose. This fact agrees
with the hematocrit tindings and more evident climead signs m
animals of Fxperiment 11 {2000 L kg of body weight) This
leads to the assumption of high mortality among the parasitic
population occurring in exponential scale along the time, being
proportional to the infective dose. The recovery of 26.88%
and 13,59 % nematodes occurred in animals infected with
1000 L, and 2000 1. /kg of body weight, respectively.
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These populations composed mostly by nematodes of the
Sth larval stage produced some changes such as the significant
(p<0.05) mean increase of about 24.88% and non significant
{po-0L05) increase of 15.53% of TBW nnanumals of Experiment
Land Experiment 1L respectively.

The signmificant increase of TBW and the water tumover in

calves infected wirth 1000 L showing clinical signs of

haemonchosts confirmed the observations of VIEIRA-BRESSAN
et alif (1992 yin calves showing subelmical infections by H. placei
with very mild symptoms of such alterations.

These changes also confirm the suspicion raised by the
cbservations related o the increase of intravascular plasma volume
m the papers by ABBOTT eralii (1984, 1985b; 1986a,b; 1988) on
shieep and GENNARI er afii. {1991) in cattle suffering from
haemonchosis that suggested the possibility of TBW increase.

Changes of such nature may occur as part of the mechanism
Lo the maintenance of body water homeostasis without
influencing the water proportion in the adjacent tissues,
Therefore, 1t 15 possible 1o suppose that the increase of
intravascular plusma volume extending to the tissues probably
occurs because of the duration and seventy of the parasstic
infection. The infection prolongs and enhances its effect by
cnough tme making possible that the intravascular plasma
volume spreads through all the body tissues (SILVEIR AL 19588).

According to HOUPT (1984), by the time 1t occurs, some
strong reduction of blood volume or even if there is some
imncrement of osmotic pressure, granutomatous cells from the
Juxtaglomerutar kidney apparatus release rennin protease in
large quantities to make the conversion of the plasmatic protein
angiotensinogen into angiotensm. The last one will act i the
cortical region of the adrenal glands increasing the synthesis
and release of aldosterone nte the blood. Aldosterone will
act n the distal area ot the collecting tubuli of kidney’s
nephrons producing an increasing reabsorption of sodium
and chlorine ions, thus increasing plasma osmolarity. In
concert, vacuolized nerve cells of the hypothalamus, act as
osmoreceptors recording changes of the blood osmotic
pressure and releasing the antidiuretic hormone ADI through
the hypophvsis. ADTEwall help a better water reabsorption by
kidoey's wbuli and collecting ducts.

In this way, the increase of sodium retention producing
expansion ot extracelullar space and the regulation of plasma
osmolarity by water reabsorplion, both concur for a larger body
water retention, keeping the concentration of Na constant inte
the blood and nereasing the plasma volume (S VEIRA L 1988}

[tshould be kept inmind. that an average increment of 24.88%
in the TBW of animals used in Experiment | does not mean a
contnuous accumulation of water into the body. Tt means thata
change in the body compaosition ocewrred, animals undergoing
a reduction of solids such as tat, proteins and minerals, replacing
these materials by the liquid constituent (water).

POMPEU et alii.

10 we assume that: Water consumed (liters per day - 1 d) +
Metabolic water {1/ dy = Excreted water {1/ d) + Evaporated
water {I/ )= Water turnover (1/ d). and replace the mean values
i both phases of the two experiments it is deducted that even
after the infecuon by 74 placer the annnals excreted the same
amount of water that was ingested. 1.e _ they reached a perfect
water balance, The idea that infected anmmals stored water s
constant way, becoming turgid or edematous should be
discarded.

An important tact allowing to make such deduction was the
associated study of body water with water balance demonsirating
that they are complementary. The combination of values whose
variables were depending upon the radioisotope study 1o vthers
whose precision was dependent on the careful handling of the
experimental calves (assays independent of the studics with
ritium) made possible & better understanding and the observation
of the hydric behavior of experimental animials.

In order to maintain the water balance facing the prolonged
blood spoliation by H. placer in Experiment [ the animals
required 62.9% more water. Consequently, this caused some
chunges in other hydric parameters (o get adpusted 1o such
requirements. Morcover, an merease of more than 30% i the
production of metabolic waler contributed 10 a large storage
of water into the body. This resulted i the need to move it
quicky, accelerating the turmnover i about 48% in comparison
to Lhe preinfection values. Lasses due to excretion increased
and there was a reduction of the mean bological T 122 of
tritiated water, from 116 to 5 hours.

Although some of the parameters did not show statistical
signilicant dilferences under individual variations. ther
general behavior cannot be ignored, becausc there s a risk o
miss the understanding of other significant parameters when
making an appraisal of the whole mechanism.

In Experiment 11, m which only live body weights showed
significant variation, the body water behavior may be analyzed
under the same focus. At the second phase of the study with
(rittated water, the little mean increase of water consumplion,
accompaniad by the reduction on the production of metaboie
water, caused some small amount of water slorage gencrating
a discreet jncrement in the quantity of TBW ¢15.533%) This
produced some turnover aceeleration accompuined by w small
increase of water loss by excretion.

The increase of bialogical T1/2 ol tritiated water, from 110 10
about 120 hours, besides the Little reduction in the production of’
metabolic water, suggesls an apparent reduction ol the hydric
metabolism. It also suggesrs that the aniuals hold (did not
accumulate) for some time the water into their bodies.

Reparding 1o body water, water turnover, T 172 and body
fat alter the clinical infection by H. placei. an important fact to
be noticed is that the behavior ol these variables in both
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experinients 1s the same as that observed by VIEIRA-
BRESSAN er afii (1992). There was an exception with the
T1:2 ot trituted water that inereased in Experiment [1. There
was an increase of the differences in amplitude ot those
parameters becoming statistically significant in some of them
duning the meection with 1000 L, (Experiment ).

HOLMLES & BREMNLER (1971) observed opposile results
regarding the hyvdric metabolism in sheep infected with
Csteriagia circumcicta. In their trials the increase of biological
T1/2 of tritiated water accompanied the reduction of water
intake; the water input being significantly smaller (b animals
with parasitic infections. Animals with less parasitism showed
an opposite behavior in regard to the 1172 thus suggesting
the same behavior regarding the turnover of body water,
PARKINS o7 /i ( 1990) obtatned similar results in cattle infected

by Osreriagia sp. and Cooperia sp. There was an increase ol

body water just after infection, Although this increase has
been veported and confirmed by several authors (HHALLIDAY
eralin 1965 BAKER of afif, 1965, ENTROCASSO er alii 1986,
the reduction of parasitic burden suggested an apparent retum
1o normality,

[t can be said that diarrhea concurs to maintain the body
hydric homeostasis, being a strong opponent of the regulation
mechamsms of body water,

BREMNER {1982} observed that animals showing parasitic
duarrhea caused by gasirointestinal helminths were capable to
overcome the hydrie deficit caused by the diarrhea itself
Although there is not a deeper study about changes in the
propartion of TBW, the reduction of plasma volume and
hemoconcentration supply valuable evidences to suppose
about changes accurring in the body compaosition.

In ather studies referring to body water and gastrointestinal
parasitism with the appearance of diarrhea (BAKER er wli,
1965 HALLIDAY of alif, 1965 TAYLOR er alif. 1989,
PARICING ¢r afii. 1990) the turnover values decreased while
those of T1/2 of intiated water increased during the patent
period. Lven without information on other parameters to explain
the mechanism ot hydric regulation it is possible to suppose
that thase animals hold the water for some more time in their
hodies to activate the endocrine and neurohormonal water
replacement mechanisms. This is a goed help and compensation
tor water loss caused by diarrhea and inappetence.

BAKER et alif, (1965) also observed that the diarrhea
ceased after anthelmintic treatment and there was an inerease
ol turnover, reduction of both the biological T1/2 of tritiated
water and the proportion of total body water.

Although animals of Fxperiment I did not show diarrhea,
feces became less consistent after infection. The loss of water
through feces and urine increased although there was some
merement i walter consumption. Simultancously, the tumover

values of body water increased and the T1/72 of tntiated waler

diminished. In Experiment 1, the single calt” with diarrhea.
showed the same pattern of animals belonging to Experiment
1 regarding the above mentioned variables. This shows thai a
reduction of water turnover can also be associated with the
increment of the proportion of body water.

The vatues [ound out in this study lor the propertion
of total body water before infection. are similar 1o those
mentioned by other authors (SPRINGELL, 1968 KAMAIL
& SLIIF, 1969; SCARLE, 1970) that worked with young
dowmestic ruminants without parasitism. The same applies
to the increments in the proportion of total body water.
when compared to the results of HALLIDAY er o/ii (1965),
BAKER et afii (1965), TAYLOR v o/ { 1989) and PARKINS
et alii (1990) in animals harboring gastrointestinal
helminths.

Regarding to nitrogen batance, the results agree o those
found by ABBOT er ofii (1984, 1988) in sheep with
haemonchosis, in which nitrogen losses by exeretion did not
overcome ingested levels. In the second paper (198K) by this
author, nitrogen retention was greater in infected animals.

Negative nitrogen balances were observed by ABBOT er
alif (19850), ROWIE ¢7 ofii (1988), but i both studies animals
were fed with a low protein diet while in the present study
they received normal protein levels.

Studies on the ellect ol other gastromtestinal helminthosis,
with single experimental infections such as sheep (PARKINS
et afir, 1973) or cattle ostertagiosis (TAYLOR er afii. 198%;
XIAO er alid, 19924) und bovine cooperniosis (ARMOUR e
alif, 1987) or multiple infections by Ostertagia sp. and Cooperia
spin cattle (VERSTEGEN, 1987, ENTROCASSO et afii 1986..
PARKINS er afii, 1990) showed a reduction i nitrogen
retention related to the low levels ol nitrogen mtake caused
by anorexia that did not occur in the present study. Another
common finding in some studies is the mcrement ol plasimatic
urea concentration (HOT MES & BREMNER, 1973; PARKINS
etalii, 1973, ABBOT er alii, 1988 XTIAQ et wlii, 1992 ¢) that
according to most authors is the the major {actor contributing
to nitrogen losses by excretion and thereflore. for « negative
balance of this element. However, ABBOT er «fif (1988)
observed a negative nitrogen balance n sheep with acute
haemonchosis in which the increase of urca concentration did
not correspond to the concurrent loss increase by excretion.

ROWL et afii (1988) cbserved that the conversion of food
or endogenous nitrogen in ammania increased maore than 3.5
times 1 ammaly sufferng from haemonchosis. Most of the
ammonia was absorbed mn the small intesting and metabolized
increasing urca synthesis. This author mentions that VERNON
& PEAKER (1973) suggested that “lost proteins™. 1. e, those
notl digested as a consequence of parasitism, when reaching
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the large intestine were taken by enteric bacteria and converted
to ammonia. This compound after absorption reached the liver
where it was converted {0 urea that could be excreted or used
ina new aiminoacid synthesis,

[n the present paper there is no data to explain it a definite
way the nitrogen metabolism in hoth experiments, but based
on the above mentioned results it 18 possible to understand
the absence of a nitrogen negative balance in calves with
clinical haemonchosis. According to X1AQ e afii (1992a) the
study of protein and energetic balance in ruminants is quite
difticult because their rumen bacleria are an endogenous
source ol teed. XTAOQ er afii (19924,b,¢) observed that in cattle
with clinical ostertagiosis there was a smaller intake of dry
malter accompanied by reduction ol nitrogen retention,
However, in these animals there was an increase of urea nitrogen
in plasma and more nilrogen was excreted through the urine,

Because of the lack ol alterations ot'intake, excretion and
balance of nitrogen in calves ol Experiment [I, the apparen:
reduction in the nitrogen balance m animals of FExperiment |
should not have happened for digestibility problems. it might
have been caused by the reduction of ingested nitrogen hy
the infected animals.

Moreover, according to HOUPT (1984) a factor helping
absarption of nitrogen mto the rumen is the antidiuretuic
hormone (A1), probably by nmproving mucosal permeability.
In this way. perhaps the eventual increase of ADH secretion
triggered by the changes i the proportion of total body water
contributed to improve nitrogen absorption and then produced
a posttive nitrogen balange,

According to HOLMLS (1987) the main deleterious effect
ol gastrointestinal parasitism is the deviation of the major
activity of protein synthesis for muscular development (in
growth) to the production of essential proteins required for
cell proliferation in the gastraintestinal tract.

These factors among some others not less important such
as the replacement of plasma proteins, fat, minerals, water and
building of untibodies require energetic expenses that are difficult
to esiimate because of the wide number of enbroiled variables.

Changes in the proportion of body fat which was reduced
in the patent phase of infection, more noticeable in Experiment
I, arc probably related 1o the increase of animal’s energetic
demands caused by blood spoliation and consequent issues.
As [at, plus carbohydrates are the main components of
cnergetie reserves (HOUPT, 1984) it is very possible that in
both experiments tat was used to supply the energy
requireinents, even under a positive nitrogen balance. In spite
olits availability, probably only the nitrogen was not sufficient
10 satisfy those needs.

The reason for the differences in the mobilization of fat in
Expenment [ (24.5%) and Experiment 11(8.43%) in the second

POMPEL ef afii.

phase, when both experimental groups harbored nearly the
same parasitic burden may be the same that justifies the
differences which were noticed in the other parameters,
Believing that the establishment of the parasitic burdens was
not influenced by any ol the studied factors and that mortality
ocurring in the iafective population was larger in Experiment
LI, about half of the initial population was present in the mlected
animals on the second phase.

In such way, the reduction on the source of metabolic
stress (parasiles) W a small proportion ol its initial population,
assoctaled with some degree of resistance and adaptation.
allowed that animals belonging 1o Experiment 11 were probably
through a recovery period. At this time the magnitude of the
ocurred alterations of the studied parameters in Experiment [
had already happened before observations of the second
phiase of studies with tritiated water, possibly a short time
after the initial agression with a double dosage of H. plucei
infective larvae.
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SUMARIO

0 metabolismo da dgua, balango hidrico ¢ de nitrogénio
(N) foram estudados em hezerros com dois niveis de intecgio
com Haemonchus placei. Nove bezerros machos da raga
Holandesa Preta e Branca, com 5 meses de idade, receberaim.
via oral, 1000 (n=4) e 2000 (n=5) L. dc H. placei/Kg de peso
vivo. De acordo com metodologia anteriormente descrita. os
estudos fisiopatolagicos foram reatizados em dois periodos
distintos: antes ¢ apds a infecegdo, sendo oy antmals
experimentais contreles deles mesmos. Durante esses
periodos, de 5 dias cada, com os animais em gaiolas
metabolicas para avahiagdo do metabolismo da dgua através
da injeciio de agua tritiada e dos balangos hidrico ¢ de N foram
feitas colheitas de sangue, alimento, dgua, fezes ¢ urina, assun
como aferigdes da ingestiio de alimento ¢ Aguy ¢ excregao de
fezes e urina. Aos 35 dias apOs a infecgio, os animais [oram
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sacrificados para determinaco da carga parasitaria. Nao se
evidenctaram diferencas entre as populagdes de nematdides
adultos em relacio 4 dose infectante. No entanto. o populagao
de adultos jovens (L) for significativamente mator que a de
adultos em ambas dosagens. Houve decréscnno do
hematocrito apds 2 semanas da infecgdo, sendo
significulivamenle menores € mals persistentes os valores
cncontrados na infeccao com 2000 L. Ocorreu aumento
sigmiticante da dgua comporea total (ACT) e da taxa de tumover
daagua, ¢ redugio da meta vida biologica, porém houve um
equilibrio hidrico nos animais com 1000/1... Na infeegdo com
2000 1., ,apenas a redugiio do ganho de peso corporal [oi
signiticativa ¢ as pequenas alterugdes observadas sugerem
ui aparente reducio do metabolisme hidrico, indicando uma
retengdo de dgua por mais tempao no organismo. As perdas de
N pela excregdo ndo superaram os niveis ingeridos devido
alimentagiio conter niveis adequados de proteinas. A redugdo
na porcentagem da gordura corporea durante a paténcia da
mtecedo com HIN L tol interpretada como maior demanda
eiiergética dos antmats lace a expolisgio causada pelos
parasitos @ indugdo da resposta nmune.

PALAVRAS-CHAV L Haemonchus piacei. metabolismo da
dgua. balunco de nitrogénio, balango hidrice, niveis de

mieccao, bovines,
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