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A Long-term Intake of a Protein Hydrolysate Seems to
Increase the Risk of Encephalopathy in Mice Infected with
Schistosoma mansoni
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Previous investigations showed tisathistosoma mansoinifection aggravates protein malabsorp-
tion in undernourished mice and this can be reverted by administration of casein hydrolysate. The
present study was undertaken to evaluate the effects of ingestion of casein hydrolysate for long periods
Albino Swiss mice were divided into eight groups. Diets contained 5% (undernourished ) or 20% (con-
trols) casein levels. For each group there were sub-groups ingesting whole or hydrolysed casein for 12
weeks. Infection witB. mansondeveloped in half of the animals under each diet. All undernourished
mice developed malabsorption. Low albuminemia was detected in infected animals independently of the
protein level in the diet. However, albouminemia was lower in infected controls than in undernourished
non-infected mice, suggesting a deficient liver protein synthesis. Infected mice fed on a 20% protein
hydrolysed diet exhibited low weight gain and high mortality rates. On the other hand, non-infected
mice ingesting the same diet had the highest body weights. We are investigating the hypothesis tha
infected mice, even when fed normal diets, are unable to metabolise large amounts of amino acids due t
the liver lesions related to schistosomiasis and as a result die of hepatic coma. In some of them, the
excessive accumulation of ammonia in the blood enhances the outcome of an encephalopathy.
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Patients with severe Manson'’s schistosomiasis Weanling mice fed a food blend with a low-
are usually undernourished (Coutinho 1976protein content, which is commonly ingested by
Tavares Neto et al. 1988). The use of a specifttuman populations in endemic areas in northeast
diet in such situations could be recommended &razil, developed a type of malnutrition with simi-
an auxiliary therapeutic measure, but in order ttarities to the marasmatic form of calorie-protein
be effective an appropriate knowledge about numalnutrition seen in humans (Coutinho et al.
trient absorption and the metabolism of these pd992b). In this experimental model, it was observed
tients would be required. that dietary protein was not adequately absorbed

Previous investigations have detected malabmainly in infected undernourished animals and that
sorption in cases of schistosomiasis mansoni Bchistosoma mansoinifection had apparently no
humans (EI-Rooby et al. 1963, Fikry 1963, Fikryeffect on well-nourished infected mice (Ferreira et
etal. 1966, Mott etal. 1971, Pucci etal. 1978, Nigral. 1993).
et al. 1984) and mice (Ferreira 1991, Coutinho et Assuming that some enzymatic digestive defi-
al. 1992a, Ferreira et al. 1993). ciencies were likely to exist in undernourished mice,

leading to an imperfect hydrolysis, the effects of both
whole casein and hydrolysed casein were investi-
gated in a further experiment (Ferreira et al. 1994).
That study demonstrated that undernourished in-
fected animals fed hydrolysed casein had intestinal

Thi k ted b ts f CNPq, UFAL . .
anlds ,\:Ai/géruvzvés Stpporied by grants from a absorption rates equivalent to the controls.

*Corresponding author. Present address: Rua Sen. |he present investigation was designed to
Teotonio Vilela 75, B1/001, Poco, 57030-640 Maceio€valuate the effects of hydrolysed diets ingested

AL, Brasil. for longer periods of time o8. mansoninfected
Fax: +55-82- 214.1665. E-mail: haroldo@fapeal.br undernourished and control animals.
Received 4 May 1998 Although the experiment is still under devel-

Accepted 31 August 1998 opment, high mortality rates have been observed



200 A Long-term Intake of a Protein * Haroldo S Ferreira et al.

in infected well-nourished mice fed hydrolysed TABLE |
casein. On the other hand their very low levels obistribution of mice according to the type of diet and
serum albumin as compared to non-infected un- infection withSchistosoma mansoni

dernourished animals, suggest that mice becar]fnﬁet

: . Infection No. of mice
unable to metabolize the surplus intake of

aminoacids during 12 weeks of infection, due t@oz@ whole casein No 13
liver lesions related to schistosomiasis with tfég/"w'%%olg’;egrgf‘;ﬁ'” N'\(‘)O 1}13
. b _

res_ult that they progress to hepatlc_: coma. In so % hydrolysed low-protein No 15
animals, the excessive accumulation of ammonigho, \hole casein Yes 17
in the serum enhances the outcome of a furthgpg, hydrolysed casein Yes 29
encephalopathy. 5% whole low-protein Yes 27

MATERIALS AND METHODS 5% hydrolysed low-protein Yes 28

Animals- Twenty-one day old male weanling Tota! - 156

mice, weighing 9 to 12 g.
Diets -(a) 20% whole casein diet (purified
diet of the American Institute of Nutrition - Reeves
et al. 1993). This control diet had the followingthis period. Trays under the cages were covered
composition (g/100g): commercial casein 20; vegwith filter paper to absorb urine, in order to reduce
etable oil 7; corn starch 39,75; dextrin 13.2; sueontamination of the feces with urinary nitrogen.
crose 10; cellulose 5; Mineral Mix AIN-93G 3.5; Feces collected during the assay (five days) were
Vitamin Mix AIN-93VX 1; L-methionine 0.15; L- dried in a 108C oven until a constant weight was
cystine 0.15; Choline 0.25 and hydroquinonebtained. Fecal nitrogen was determined by the
0.0014. (b) 5% whole casein low-protein dietKjedahl micro-method. The difference between
identical to the control diet, except for a reductiomitrogen intake and fecal nitrogen expresses the
in the casein level from 20 to 5%. Corn starch reabsorbed nitrogen. Multiplication of this value by
placed the portion of removed casein. (c) 20%actor 6.25 gives a value for the amount of absorbed
hydrolysed casein diet: similar to the control dietprotein.
except for the utilization of hydrolysed casein (N- Biochemical determinations Soon after the
Z-Case Plus, Sigma N4642) in place of whol@bsorption assays were completed, mice were sac-
casein. (d) 5% hydrolysed casein low-protein dietificed by exsanguination through the axillary vein
identical to the 5% whole casein diet, except fonnder light anesthesia with ether. Blood was col-
the use of hydrolysed casein (N-Z-Case Plusected in test tubes and centrifuged at 3.500 rpm
Sigma N4642). during 10 min to obtain serum for determination
Infection -A Brazilian strain o. mansoriso-  of albumin in an automatic analyzer (bromocresol
lated from S&o Lourenco da Mata (State oftaleina method). Ammonia was determined by the
Pernambuco, Brazil), maintained regularly in out -glutamate desidrogenase method - Sigma 170.
laboratory was used. Each animal was infectedll the biochemical measurements were performed
percutaneously with 80 cercariae recently shest the Central Laboratory of State of Alagoas (State
from Biomphalaria glabratareared and infected Secretary of Health).
in the laboratory. A total of 101 mice were experi-  Protocol - Twenty-four hours after weanling,
mentally infected with an additional 55 animalsmice were infected witB. mansorand divided into
kept free of infection eight experimental groups (Table I1). Food and wa-
Experimental groupsMice were distributed into ter were giverad libitum The animals were weighed
eight experimental groups, according to Table I. weekly. The biological intestinal absorption assays
Intestinal absorption of whole protein and/orwere performed 12 weeks after infection. Mice were
protein hydrolysate This function was studied by then sacrificed by exsanguination through the axil-
a balance technique and the coefficient of proteilary vein under light ether anesthesia. Collected
absorption (CPA) was determined according to thislood was centrifuged and sera used for biochemi-

formula below: cal determinations of albumin and ammonia. Liver
] ) ) samples were collected for histological study and
Az Nitrogen intake - Fecal nitrogen « 100fX€d in 10% neutral formalin.
Nitrogen intake RESULTS

After the 12th week of the experiment, animals The experiment started with 156 mice, how-
were kept in individual metabolic cages during fiveever 56 animals died spontaneously during the
consecutive days. Food intake was weighed alorexperimental period (Table I1).
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TABLE Il
Mortality rates regarding type of diet aBdhistosoma mansoinifection

. Number of mice
Experimental

groups At the beginning of Spontaneous At the end of Mortality rates
(Diets) the experiment death the experiment (%)
20% whole casein

(non-infected) 13 0 13 0.0
20% hydrolysed casein

(non-infected) 13 0 13 0.0
5% whole casein

(non-infected) 14 3 11 21.4
5% hydrolysed casein

(non-infected) 15 1 14 6.7
20% whole casein

(infected) 17 5 12 29.4
20% hydrolysed casein

(infected) 29 15 14 51.7
5% whole casein

(infected) 27 14 13 51.9
5% hydrolysed casein

(infected) 28 18 10 64.3
Total 156 56 100 35.9

The weight curves of mice from the different5th week of infection onward, their body weights
experimental groups can be seen in the Figure. were observed to drop progressively and at the end
It can be observed that the weight curves dff the experimental period their weights were simi-
mice ingesting 20% casein diets showed muclar to those of non-infected undernourished mice.
higher values than the weight curves from micélowever, non-infected mice fed a hydrolysed 20%
ingesting 5% casein diets. An exception to this wasasein diet showed normal body weight gains. The
the group of well nourished infected animals insame results were detected among undernourished
gesting a 20% hydrolysed casein diet. From thanimals fed a 5% hydrolysed casein diet. Super-
imposed infection was responsible for the lowest

5 figures in these animals, as compared to the other
B groups.
= - Absorption rates and biochemical data can be
n | - ™ seenin Table Il
2 | = ..-::; : iR Mice fed 5% casein diets (low-protein diets)
£ | et ‘-‘i i -;' o showed absorption rates significantly lower than
¥ | o ey __..| animals fed 20% casein diets fed animals. Neither
Y i o e PP the protein chemical formula (whole, hydrolysed)
| o gl nor infection withS. mansoninfluenced the re-
e sults with these animals.
P B N Y I I I I I I e | Hypoalbuminemia was detected in all infected
Erpommial phass fwodis] mice fed 20% and 5% whole and/or hydrolysed
casein, this finding certainly related to infection
v Diwhurini = Healuin = Blledeinl -2 30 Lyl with S. mansoni
o Swhavial s Suleinl & Shydaind - Shydind Regarding the serum levels of ammonia, sig-

Weight curves of mice regarding type of diet and infection Withmflcar-1t differences Wer-e not dEteCte-d among Fhe
Schistosoma mansoni experimental groups, with the exception of the in-
20whoninf: 20% whole casein (non-infected); 20whoinf: 200f€cted mice fed with 20% hydrolysed casein. In
whole casein (infected); 20hydninf: 20% hydrolysed caseithis group, serum ammonia values were high when
(non-infected); 20 hydinf: 20% hydrolysed casein (infected)compared to controls (20% hydrolysed casein fed,

5whoninf: 5% whole casein (non-infected); 5whoinf: 5% whole, i ; ic di ioti
casein (infected); 5hydninf: 5% hydrolysed casein (non-inpOn infected mice). This difference was statistically

fected); 5hydinf: 5% hydrolysed casein (infected). significant (p < 0.05).
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TABLE Il

Coefficients of protein absorption (CPA) and biochemical data of mice fed whole casein/hydrolysed casein diets,
as related to infection witBchistosoma mansofilean + SD)

Experimental groups N CPA Albumin Ammonia
(%) (g/di) (mg/dl)

20% whole casein (non-infected) 13 90,6 +4,01 563+24 154+1,3
20% hydrolysed casein (non-infected) 13 90,5+348 4,77+2%3 1,10 + 0,3b
5% whole casein (non-infected) 11 82,09+86,66 6,31+5,53 1,09 £ 0,5
5% hydrolysed casein (hon-infected) 14 79,05 +990 4,72+26 095+ 1,
20% whole casein (infected) 12 88,7+ &11 3,09 +0,4 1,28 + 0,2
20% hydrolysed casein (infected) 14 87,6+3%62 3,07+0,P 1,38+ 0,3¢
5% whole casein (infected) 13 83,6+845 318+1® 1,41+ 0,8
5% hydrolysed casein (infected) 10 76,8+ P49 3,05+1% 1,18 + 0,42

a; b; c; d: different letters indicate significant differences regarding values in each column (p < 0.05).

DISCUSSION tion of glutamine. This substance (unlike glutamate,

The observation that none of the non-infectelyNich may partially cross through the cellular
mice fed a 20% casein diet showed malabsorptiof1€mPrane) easily diffuses into the blood circula-
raises the possibility that the low performance ddiOn: removing two molecules of ammonia, as fol-
tected in the 20% hydrolysed casein infected groufVs:
was explained by their reduced capacity to ad- alpha-ketoglutarate + Nj glutamic acid
equately metabolize the surplus of absorbed glutamic acid + NH« glutamine
aminoacids due to the hepatic lesions, since mice
started loosing weight five weeks post infection, Glutamine may release ammonia to the liver,
when oviposition ofS. mansonin murine infec-  which is then used in the synthesis of nitrogen com-
tion is known to occur. In this same group, highepounds or is excreted by the kidneys as a cation
mortality rates were detected when compared witftNH,,*). Any impairment in these physiological
the other groups fed with 20% casein. mechanisms may be responsible for the increase

Among the undernourished animals (5% caseiin the ammonia levels in the blood, which is inju-
low-protein diet), the hydrolysed casein fed intious to the brain.
fected group also showed high mortality rates. According to the majority of investigators, even

The 20% hydrolysed diet given to non-infectedn the chronic phase of human schistosomiasis
mice allowed a higher weight gain when compareghansoni, if there are no associated pathologies,
to non-infected animals fed 20% whole casein anidepatic insufficiency does not occur (Andrade
no mortalities occurred. It seems likely that the live1.968, Baptista & Geraldo 1985, Silva & Lima
of infected mice became unable to metabolize th£985, Borges & Manoukian 1987). However,
excessive nitrogen derived from the absorbeBaptista and Geraldo (1985) reported an indirect
aminoacids or, more specifically, they lost the abilinvolvement of the central nervous system in schis-
ity to metabolize ammonia into urea. In effect, setosomiasis as a consequence of hepatic insuffi-
rum ammonia levels detected in the infected grougiency and recommended that this fact must be
fed 20% hydrolysed casein were significantlyemphasized to allow a better comprehension about
higher than those in the non-infected group fed 20%he repercussions of the liver injury on the brain.
hydrolysed casein. We are currently investigating the effects of a

It is known that the accumulation of ammonidong-term intake of hydrolised protein in mice in-
in the blood may precede the outcome of an effiected withS. mansoniEven when fed balanced
cephalopathy (Pittella 1981, Campollo et al. 1992}iets, in this experimental model, the infected liver
The physiopathology of this metabolic disorder iseems to be unable to metabolize the surplus of
still not very well understood, although it is be-ingested aminoacids, with the result that the mice
lieved that the reduction of alphaketoglutarate imdie from hepatic coma. In light of these findings,
pairs the Krebs’ cycle (Orten & Newhaus 1984)new studies are being undertaken before the use of
When there is an excess of ammonia in the brainsaich diets can be recommended as an auxiliary
considerable amount of it takes part in the formadietetic treatment for human patients.



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 93, Suppl. 1, 1998 203

REFERENCES in undernourished mice infected wiitchistosoma
. o . mansoni. Rev Soc Bras Med Trop(3dppl. 1): 198.
Andgﬁ?&é';éig%gg %:ﬁ%séogz_rzllass cause hepa erreira HS, Coutinho EM, Teoddsio NR, Cavalcanti
Baptista AS, Geraldo JCL 1985. Envolvimento do CL» Samico MJ1993. Intestinal protein absorption
sistema nervoso central na esquistossoriosBaul in malnourished mice with acute schistosomiasis
Med Cir112 51-54. mansoniMem Inst Oswaldo Cruz 8881-587.

Borges DR, Manoukian N 1987. Avaliacéo da funca&ikry ME 1963. Disturbances of digestion and absorp-
hepatica de sintese protéica na hepatopatia esquis- tion in bilharzial heepatic fibrosig. Trop Med Hyg
tossomética compensada e na cirrBss. Assoc Méd 66: 213-215.

Bras33 3-6. Fikry ME, Hanno MG, El-Sayed M, Dorry K 1966.

Campollo O, MacGillivray BB, Mcintyre N 1992, The iodo 131 trioleina intestinal absorption test in
Asociacion entre los niveles de amonio y GABA  schistozomal (bilharzial) hepatic fibrosis patients.
plasmaticos y el grado de encefalopatia hep&iea Acta Gastroenterol Belgia29: 99-104.

Investig Clin 44 483-490. Mott CB, Neves DP, Bettarello A 1971 Absor¢éo in-
Coutinho EM 1976Relagbes Hospedeiro-parasito na  testinal na forma hepatoesplénica da esquistos-
Esquistossomose Mansonica, em Fungéo da Dieta somose mansénicRev Hosp Clin Fac Med S&o

Basica Regional - Estudo Epidemiol6gico e  Paulo 26 55-60.
Anatomo-patol6gicd?hD Thesis, Universidade Fed- Nigro SP, Miszputen S, Saad FA 1984. Estudo morfo-
eral de Pernambuco, Recife, 109 pp. _ métrico da mucosa jejunal na esquistossomose

Coutinho EM, FerreiraH da S, Freitas LPCG, Silva MR,  mansanica humanRev Assoc Méd Bras 361-63.

Cavalcanti CL, Samico MJA 1992a. Nutrition andorien JM, Newhaus OW 198Bioquimica Humana
acute schistosomiasi#lem Inst Oswaldo Cruz 10 ed.’Panamericana Buenos Aires, 1016 pp.

87(Supl. IV) 297-301. Pittella  JEH 1981. Encefalopati At

. ; . patia hepatica na forma

Coutinho EM, Freitas LPCG, Abath FGC 1992b. The o 50esplanica da esquistossomose mans@eza.
influence of the Regional Basic Diet from North- Hosp Clin Fac Med S&o Pauks 97-101

east Brazil on health and nutritional conditions of

P . : : ucci H, Vilela MP, Miszputen SJ, Carvalho N, Secaf
g‘rlgg ll\?;edcgrergpwzltshlsefpzlgtosoma mansoni. Rev SOCP F, Saad FA 1978. Estudo da absorcao intestinal de

El-Rooby A, Gag-El-Mawla N, Galil N, Abdalla A gorduras na esquistossomose mansodnica humana.

Shakir M 1963. Studies on the malabsorption €V Assoc Méd Brag4: 341-344. _
sindrome among egiptians. Il - Malabsorption in bil-R€eves PG, Nielsen FH, Fahey GC 1993. AIN-93 puri-

harzial hepatic fibrosisl Egipy Med Assot6: 777- fied diets for laboratory rodents: final report of the
782. American Institute of Nutrition Ad Hoc writing Com-
Ferreira HS 1991Utilizacdo de Proteinas na mittee on the reformulation of the AIN-73A rodent
Desnutricdo Induzida pela Dieta Basica Regional diet.J Nutrit 123 1939-1951.
Associada a Esquistossomose Mansénica, efilva AB, Lima JGC 1985. Envolvimento do sistema
CamundongasMSc Thesis, Universidade Federal — nervoso central na esquistossomo&a. Paul Med
de Pernambuco, Recife, 100 pp. Cir 112 51-54.
Ferreira HS, Coutinho EM, Morais MGC, Lucena SPCTavares Neto J, Forleo-Neto E, Wilhelms Neto E, Prata
Cavalcanti CL 1994. The use of a protein hydroly- A 1988. Dados biométricos em esquistos-somaticos
sate in the umprovement of intestinal malabsorption adultos. Bahia - BrasiRev Satde PUBR: 288-291.



204 A Long-term Intake of a Protein * Haroldo S Ferreira et al.



