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SUMMARY: The influence of protein level in the diet and haemonchosis on the water metabolism was
examined in calves. At five manths of age, the calves were divided in two groups, and received a diet with
low leve! of protein, 97.8 9 kg * dry matter (group 1) and high level of protein, 175.0 g kg ' dry matter
{group 2). Four months later they were kept in metabolic cages, the total bady water estimated by tritium
injection and they were all challenged with 100,000 Haemonchus placeil... Five weeks later, the tritium
was injected again o estimale the water metabolism after infection. A week later the calves were slaughtered
and their worm burdens and total body water determined by the 10th rib method. Although their mean
worm burdens were similar, the body weight and total body water were influenced by the diet. The infection
significantly affected the total body water in the low protein group. The animals with a higher levei of
protein in diet also improved the body condition when estimated by the 10th rib technique.
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INTRODUCTION

Inlection by gastreintestinal helminths torms a major
constramt Lo cattle production throughout the world. The
young aunmnals are particularly more susceptible to nematode
mlecuon, and the reason s not completely clear (SOULSBY,
[9%1).

The nutritional status 1s, in part, responsible by differences
i the production and development ol immunity 10 the host to
avariely of pathogenic agents (SOLOMONS & NEWDBLRNE,
1981 EARTHING & KEUSCK, 1984; COOP er alii, 1993).

BAWDEN (1969} and DOBSON & BAWDEN (1974) first
documented the effect of nutrition in parasitized sheep. Recent
experiments by BOWN er afii (1991) have shown that three-
and-a-half~-month-old lambs that received an infusion of
protein into the abomasum, developed immunity o
Teolubriformis maore rapidly than the non supplemented
controls. In the same experiment they observed that the
nitrogen content of’ the protein was the responsible [or the
acceleratien in the immunity. rather than energy.

ABBOTT er alif (1985, 1986, 1988) observed that sheep
infected with Hoconrorms and under o dietary protein

supptementation, presented less severe pathophyswlogical
and pathologicai alterations, WALLACE et «lif ( 1993 alsa in
sheep infected with H.contorius, showed that the animals with
aprotein supplement, have less severe pathological alierations
and a hetler carcass composition.

Body weight reduction 1s the most commaon factor in
nematode mfection. According to KEMPSTER ef afif{ 1982).
the body weight is a good indicator of the corporal
composition, only when we compare animals of the same breed,
sexes and under the same management. Meuanwhile, factors as
nutrition, diseases and hormonal alterations, limiting the
efficiency of this vartable. Besides to the body weight changes.
alteration in the body composition are observed during parasitic
infections (HOLMES, 1987).

Using tritiated waser technique, VIEIRA BRESSAN ¢r i
(1992) found aiterations in the water distribution in cattle
infected with H placei, ENTROCASSO er adif{ 1986) using the
carcass analyses to estimate the body composition, observed
that in nawrally intected cattle. the muscles were reduced in
weight and presented more water content than the non infected
controls.

Tritiated water technigue can be used as tracer o estimate
the size and turnover of body water (TAEA. 1982). The triium
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18 sale when used in tracer concentrations, rapidly metabolized
and tts concentration can easily be measured in body fluids
(JONRI et alic, 1975},

Experiments from the beginning of the century, suggesting
the utilizatron of carcass samples joints as predictors of carcass
composition {LUSI, 1926). Later. HOPPLR (1944) showed that
the utlization of the nmth to T rib inclusive produced
prediction equations with the smaller residues. Mauy authors
tested the equations and concluded that the b techmque
allowed a stable and sensitive estimate (POWELL &
HOFFMAN. 1908 LANNA, [988).

Despite H.placei been a prevalent parasite of cattle in
Brazil (HONLER & VIEIRA-BRESSAN, 1992), few are the
informations about metabolic alterations during the
infecuion. VIEIRA-BRESSAN et a/li (1992) working with
young calves with a subclinical H. placei infection, reported
evidence that the water turnover is higher and the tritium
biofogical hall-Tife 1s reduced, suggesting allerations in the
water metabolism. POMPEU er afii (19973 also in calves
intected with two ditferent doses of H placed, observed a
senies ol afterations iy the water metabolism after clinicul
mlection.

The aim ol this study was the estimate of waler metabolism
n catves under two dillerent dietary protein levels und mlected
with H.ppluced, using the isotopic dilution and the 10th rib
technique.

MATERIALS AND METHODS

Experimental design: Light male calves reared worm-free from
birth, were divided into twa groups of four animals each,
according to body weight. When they were 5-month old. to
the group 1 calves were ollered a Tow protein diet, and the
group 2 calves recerved a high protein diet. Eleven weeks after
the start of'the diet. the calves were placed in metabolic cages
and the tritium was injected for the hody water estimate, al pre
miecuon period. A week later, the animals were infected with
100,000 H placer L and five weeks later they were allocated
again in the cages. {or the estimale of the water metabolism
after infeetion. Five days after the tritium injection, they were
killed. the abomasum removed for worm counts and the 10th
rib was separated and stored at -207 C for posterior analyscs.
The body water content was estimated by both methods.

During the experimental period the calves were weighed
fortightly and faccal samples from parasitological exams were
collected wecekly.

Diet: The low protein concentrate (Group 1) comtains 97.8 g

GENNARI et alif

of crude protein kg™, dry matter and were composed by 80%
corn grain, 6% cotton secd meal and 14% rice polishing.

The high protein concentrate (group 2) contains 175.0 g ol
crude protein kg ', dry matter and was composed by 63% corn
arain, 19% coulon seed meal and 16% protenase (protein

"ol the

supplement). All animals received 500 g heady day
respective concentrate mixture and 2 kg heady day ' grass
hay (Cyaadon dactilon), and water ad libinam. Proximate
analyses of hay and concenirate followed AOQAC (1980)

recommendations and is showed in Table 1.

Tabie 1 - Proximate analyses {g kg -1) of hay and concentrate offered
during the experimental period to grocup 1 and 2 calves.

HAY CONCENTRATE

group 1 group 2
Dry matter 831 a7 900
Crude protein 67 144 298
Crude fiber 329 46 47
Ether extract 24 38 55

Parasitological Techniques: The Inrvae were ef a straim of
H.placer which has been maintained at the Department off
Parasitology, [nstitute de Ciéncias Biomédicas da
Universidade de Sdo Paulo, since 1987, They were used within
two weeks aller fecal culture collection and the infective larvae
were suspended in water and administered orally as a drench.

I'ecal samples were taken from the rectum and the number
of eggs per gram of feces (RPG) estimated by the McMaster
technique (WHITLOCK, 1948).

The calves were killed and the abomasum was Ligated.
removed and contents collected. The surface of the mucoss
was washed with 1ap waier and the washing was added (o the
contents, The abomasa were then souked in a solution of €.55%,
NaCTand incubated in a water bath at 42° C for six hours, with
the mucosal surface down to laosen the larvie [rom 1ts surface.
The mucosa was washed again, discarded and the contents
sedimented for 2 hours. This was then Oxed with tormal ina
10%% (v:v) proportion. Representative samples ol abomasal
contents were collected (10%) and fixed with formal. The total
warms present in the mucosae and contents were found by
counting 10% of the samples and multiplying by 100.

Tenth rib technigue for body water determination: The 10th
rib was collected accordmng the procedures described by
LEDCGER & HUTCHINSON (1962), Tt was removed the 10thrib
from the left side of the split carcass, sealed in a polythene
bag and stored at -20° C. Afterwards it was dissected mito
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muscles and bones. grounded under liguid nitrogen
retrigeration, lyophilised and analyzed according AOAC
(1980},

Isotopic dilution technigque: Two days before tritium (TOM)
was injected, the calves were placed in metabolic cages and
I8 h prior the injection, they were kept without food and water
and only recerved them six hours after the injection of the
tracer, when the last blood samples were taken.

From a stock solution of tritiated water containing
7 Mbg ml ', aliquots corresponding o 0.7 Mbg kg ' body
welght were taken and diluted in 0.85% NaCl. The injection of
TOM, blood collecuon and the total body water, biological
half-life and turover rate estimations were done as described
by VIEIRA-BRESSAN er alii (1992},
Statistical methods:
‘Total body water by isotopic dilution: It was used the covariance
analvsis 10 compare the means obtained prior and after the
miection. The means were adjusted Lo the least square mean
and the eftect of treatment (level of protein in the diet) compared
by F test. The T test was used to detect the infection effeet in
cach group comparing the null hypotheses that there were no
differences between values obtained prier and after the
inlection (SAS, 1991,

Total body water by the 10th rib method: 1t was used the
analysis ol varance using the general linear model procedures
to evaluate the effect of treatment {level of proteim in the dict)
and the means, adjusted to the least square mean, compared
by Flest (SAS, 1991).

Comparisons were made using the Pearson Correlation
niethod and values tor P<0.03 were considered statistically

significant.

RESULTS

The results were expressed as mean + standard error (SE)
and it is summarized in Table 2,

Clinical observations and body weight changes: Aller challenge
various fevels of a sub-mandibular oedema was observed in
the calves and the same occurred in the gastrointestinal tract
during the necropsy. The gelatins layer was more evident in
group | calves. Animals from both groups showed no
nnapetence throughout the experiment.

The initial mean body weights for groups 1 and 2 were
84.5 kyp and 86.0 kg (P=0.05). At the 13th week after the
beginning of diet, at the H.placei infection. the mean body
weigtht was 107.8 kg and 134.3 kg, respectively for aroups |
and X ([<0.05} and five weeks laler, at slaughter the mean
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Table 2 - Body weight (kg). T 1/2 (hs), Turnaver {(miday ' BW ') and
Total body water - TBW (liter and %BW) in calves from group 1 {G1)
and group 2 (G2) before and after H.placei infection estimated by
the tritiated water technique.

PARAMETER GROUP DIET EFFECT OIET and INFECTION P~

EFFECT
(Pre infection) (Post infection)
BODY WEIGHT G1 107 8° 106 5° 0.60
(KG) G2 134 30 133 5 0.67
SE 7.92 2.53
T 142 G1 143.4 160.8° 0.56
{hs) G2 113.9 123.0n 0.60
SE 19.27 10.43
TURNOVER G1 89.0 67.9° 0.24
{ml d -1 BW1} G2 G5 4 g2.3° 0.81
SE 11.29 6.09
TBW GA 74.5 75.5¢ 0.01
{liter) 52 86.6 83.0v 032
SF 4 76 1.82
TBW G 70.1+# 63 7« 0.009
(% BW) G2 54.6 68.4 0.343
SE 1.28 1.77

SE - standard error
* = significance for the difference between pre and post infection
Different letters in a column means statistical difierence between (31 and G2

body weight was 106.5 kg for group 1 and 133.5kg for group
2(P<<0.05).

Worm numbers: The mean renumber of H placei recovered
from group | was 41,500 + 14,870 und from group 2 was
52,850+ 21,300, This difference was not statistically significant.
The percentage of immature stages was 0.18% for group |
and 0.33% for group 2 (P>0.05).

Total body water (TBW), tritium half-life (1'1/2) and water
turnover: There was no significant difference between groups
in the tritium T1/2 betore infection. However, the mean values
ol T1/2 alter infcction were significantly higher in group 1
when compared with group 2 calves (160.8 h and 1230 h
respectively). This difference reflects in the water twmover
after the infection, with a turnover rate 26.5% lowes for group
1 and mean values of 67.9 ml kg, days for group 1 and
92.3mlkg™, day, for group 2.

Even with the T1/2 and turnover alterations, the TRW., at
the same period, showed no difference (P=(.05) between
groups when calculated in percentage of hody weight (ROO)
{(63.6 % BW for group | and 68.4% BW tor group 2). However
the TRW, in liters, for the high protein group was 3.9 1 and
for the low protein group 73.5 |, a significant difference (P<0.03).

When the infeetion eftect was measured, enly group |
calves showed a significant decrease in the TBW (%BW)
wilh values [ollowing from 70.1% before the infection to 63.7%
five weeks after infection,
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Table 3 - Rib weight (g). rib water (g and %BW), total body water
{TBW) (kg and %BW) in calves from group 1 and group 2 estimated
by the 10th rib technique.

PARAMETER GROUP 1 GROUP?2 SE
RIBWEIGHT (g) 312.73 509.35 27.52*
RIB WATER (g) 223 08 355.18 16.85*
RIB WATER (% BW) 7130 69.70 0.83
TBW (kg) 710 90.35 260~
TBW (% BW) 67.03 68.60 3.2

SE - standard error
* = significance between groups (P<0.01)

Total body water - 10th rib technique: The results from the
10th rib analyses were showed in Table 3.

The rib weights, in grams. were statistically different
{P<01) tor group 1 (312.73 g) and 2 (509,35 ¢). The same was
ubserved with the total rib water and TBW when analyzed in
grams. The mean vaiues of 223.08 g and 71.0 kg tor group |
and 355,18 g and 90.35 kg tor group 2, respectively rib weight
and TBW were different (P<20.01) for the observed variables.
However. the same parameters when analyzed in percentage
BW showed no significant differences (71.3 g and 69.7 ¢ (or
eroup | and 2 rib water: 67.0 % BW and 68.6 % BW for group
Pand 2 TBW ),

The statistical analysis used to compare TBW values
obtained by each ol the techniques, showed a significant
correlation, P<0.05 and r — 0.84.

DISCUSSION

There wus no significant difference between the prepatent
periods inanimals from group 1 and 2. WALLACE er afif {1995)
working with lambs. also observed the same and suggesting
that the protein levels did not influence the rate of larval
development in a prime infection.

Despite the big amount of 4. placei found at necropsy and
the clinical alteratons during the experiment, the calves showed
no wmnapetence. evideneing a relatively resistance of cattle to
H.plucei infection and confirming previous observations
(POMPLU er alii, 1997).

As expected, the diet influenced the weight of the calves.
[t was found lower values in the animals that received less
protein in diet. 1lowever, the infection did not influence the

GENNARI et afii.

body weight. The observed period of five weeks 15 4 short
interval, the patency had started only a week before the
necropsy, and some influence on the appetite or body weight
probably will be more evident if the measurements continue
for some more weeks. However, in the same interval, the calves
from both groups presented a significant decrease in the 1otal
serum protein, albumin and PCV valugs (GENNARI ¢r affy,
1995).

The higher protein level in diet was responsible tor a
signiticantincrease in urea levels (P<0.01) and digestibility of
dry matter (P<0.05} in calves for group 2 (ABDALLA er afii,
1997),

The protein level in the diet altered the water metabolism
belore and after the H.placer infection. Despite TBW values
had been calculated in liters, the results in % BW are more
adequate, since body weight was significantly different at
infection and necropsy for group 1 and 2 calves.

By the TOH technique, the diet influenced the TBW
(%BW). Group ! calves, belore the infection, showed higher
waler content, evidencing a lower amount of muscle mass.
However, already at the first week of patency, the more
debilitated and lighter calves, group 1. showed lower buody
waler than group 2 calves, and these values were significantiy
[ower thun those found in the same animals before the
infection. That loss of water from group 1, rellecting an elfect
of both. infection and diet at this time, This loss was vot
present in calves under high protein diet, who kept sumilar
TBW values after infection, The TBW in group 1 calves was
considerably lower than those recorded before the infection.
even with an inerease in the T1/2 and decrease in the water
turnover at this pertod. Those results also suggesting that,
despite the infection and poor protein diet, until this phase of
the disease, an efficient mechamsm was regulating the water
loss.

POMPEU er afii (1997 alse using TOM technique in voung
calves under balanced diet, observed a significant increasce in
the TBW after infection with 1000 Hplacel 1. kg -1 BW.
However in the same experiment the TBW showed no alteration
after infection with 2600 1. kg -1 BW. Meanwhile. comparisons
with the present results are ditficult once the TBW values
were only expressed in liters/ day. VIEIRA-BRESSAN et arfi
{1992y also tound an increase in the TBW values in calves
with a sub-clinical lplacei infection. THowever, in both
reported studies, the calves were vounger and body
composition is highly associated with age. nwnly ngrowing
calves and mn the present study the diet represents another
important source of variation.

The estimate of TBW by the indicator joint revealed the
effect of diet and infection. When TBW and tolal nib water
were calculated in grams, the effect ofnutrition was sigmficant,
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showing the best conditions of group 2 calves. However, when
those parameters were calculated based on BW, no difference
was found between the two treatmenis.

WALLACE er alli (1995} analyzing the influence of
supplemental dietary protein by the determination of carcass
compasttion, also observed that the supplemented lambs
retained more water within the carcass,

Comparing the techniques that were used in this trial, it1s
possibie to conclude that both gave very similar TBW values,
despite the TOM technique had allowed a more accurate
meusurement and the use of alive animals.

RESUMOQO

A influencia do nivel de proteina na dieta e infecgéio
par Haemanchuy placei. sobre o metabolismo da dgua. foi
estudada em bezerras. Aos cinco meses de 1dade. os animais
torum dividides em dois grupos ¢ receheram dieta com 97 8
g de proteina kg ' de matéria seca (grupo 1) e com major
teor proteico. 1750 ¢ de proteina kg -~ de matéria seca
(grupa 2). Onze semanas mals tarde. os animals loram
colocados em gaiolas metabdlicas, a dgua corpirea wotal
estimada através da inje¢do de dgua tritiada e apds foram
desafiados com 100.000 L, de Haemonchus placei. Cinco
semanas depois. o tritio to1 injetado ¢ o metabolismo da
agua novamente estimado. Apds uma semana, 08 bezerros
toram sacrificados ¢ o numero de vermes ¢ dgua corpdrea
rotal determinados, pelo método da 102 costela. Apesar do
numero total de nematoides ter sido semelhante, o peso
vivo e a agua corpdres sofreram influencia da dieta. A
ntecgdo afetou significativamente a dgua corpdrea no
grupo sob dieta com baixo teor protéico. Animais com alto
teor proteico na dieta, tambhém demonstraram methor
desenvolvimeno corporal quando estimado pela técnica
da L0 costela,

PALAVRAS-CIAVE: Huemonchus placed, Agua corpérea total,
dicta proéica. dgua tritiada, wenica da 1 costeta,
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