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Abstract

The activity of important glycolytic enzymes (hexokinase, phosph&ey words
fructokinase, aldolase, phosphohexoseisomerase, pyruvate kinase dhnatein malnutrition
lactate dehydrogenase) and glutaminolytic enzymes (phosphatesdelucose metabolism
pendent glutaminase) was determined in the thymus and mesentefititamine metabolism
lymph nodes of Wistar rats submitted to protein malnutrition (6% nymus

protein in the diet rather than 20%) from conception to 12 weeks aftay™Ph nodes

decreased due to protein malnutrition by 87% (from 0.30 + 0.05 to
0.04 + 0.01) and 75% (0.40 £ 0.04 to 0.10 £ 0.02), respectively. The
protein content was reduced only in the thymus from 102.3 + 4.4
(control rats) to 72.6 + 6.6 (malnourished rats). The glycolytic en-
zymes were not affected by protein malnutrition, but the glutaminase
activity of the thymus and lymph nodes was reduced by half in protein-
malnourished rats as compared to controls. This fact may lead to a
decrease in the cellularity of the organ and thus in its size, weight and
protein content.

It is widely accepted that protein-energydence of pneumonia and diarrhea during the
malnutrition (PEM) is associated with com-first 4 years of life has been reported by
promised immune function. Deficiencies inVictora et al. (3) in Brazilian children. Lym-
secretory IgA, complement, phagocytic acphoid atrophy is a prominent feature ob-
tivity, and decreased lymphocyte prolifera-served in humans and laboratory animals
tion in response to phytohemagglutinin stimwith PEM. Anatomical changes occurring in
ulation have been reported to occur unddymphoid tissues in malnutrition have been
these conditions (1). In 1991, Chandra (2¥escribed for over 144 years. The thymus
reviewed the impairment of immune func-was noted to be “a barometer of malnutri-
tion that occurs in PEM and correlated thes#on, and a very sensitive one” (2). The size
changes with the incidence of infection andind weight of the thymus are reduced. Histo-
the high morbidity of children younger thanlogically, there is a loss of corticomedullary
5 years in developing countries. A high inci-differentiation and fewer lymphoid cells are
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observed. In the spleen there is a loss aolysis is regulated by phosphate-dependent
lymphoid cells around small blood vesselsglutaminase. Knowing that glucose and glu-
In lymph nodes the thymus-dependentamine are important metabolites for lym-
paracortical areas show depletion of lymphocytes, the impaired immune function in
phocytes (2). In spite of the changes in thenalnourished rats could be caused by a de-
structure and function of the lymphoid or-crease of the activity of these enzymes. In the
gans, to our knowledge no systematic stugresent study, the activities of these enzymes
ies have been performed on the metabolismere determined in the thymus and mesen-
of these tissues in protein malnutrition.  teric lymph nodes of rats submitted to pro-
Several studies have shown the importein malnutrition from conception to 12 weeks
tant role played by lymphocyte metabolisnmafter birth.
for its proliferation (4). These cells utilize  The rats received a control diet contain-
glucose and glutamine at high rates but theseg 20% protein (9) or a protein-deficient
substrates are only partially oxidized: glu-diet containing 6% protein (Table 1). Preg-
cose is converted to lactate and glutamine teant rats were maintained on the control or
glutamate, aspartate and lactate (5,6). Therprotein-deficient diet throughout pregnancy
fore, it has been recognized that the maiand until weaning. The average number of
metabolic pathways of these cells are glycgpups per mother was 8.1 £+ 0.7 for control
lysis (partial oxidation of glucose) andand 7.3 + 0.6 for malnourished rats (means +
glutaminolysis (partial oxidation of gluta- SEM of 8 mothers). After weaning, male rats
mine). In fact, these pathways provide ATRwvere fedad libitumfor 12 weeks with the
(7) and generate important precursors for theame diet given to the mothers. A similar
synthesis of macromolecules such as lipidschedule to impose malnutrition has been
(8) and nucleotides (5). Glycolysis is parused by others (10,11). Daily food intake (g/
tially regulated by certain enzyme activitiesl00 g body weight) at the end of this period
such as hexokinase (HK), phosphohexosevas 6.3 + 0.6 for control and 7.6 + 1.8 for
isomerase (PHI), phosphofructokinase-lindernourished rats (means + SEM of 20
(PFK-1), aldolase, pyruvate kinase (PK) an@nimals). These findings support the propo-
lactate dehydrogenase (LDH) and glutamisition that total calorie intake was appropri-
ate for age/weight of the rats and therefore
the protocol provides a model for protein

Table 1 - Composition of control and protein-deficient diets.

Diets were prepared as described in Ref. 9.8The values of 20%
and 6% of protein were corrected by adding casein containing

85% total protein.

Components Composition (g/100 g)

Control diet Protein-deficient diet

malnutrition but with normal calorie intake.
The rats were kept in a room at 23°%€2
on a 12-h dark/light cycle (lights on at 7:00
p.m.). All rats were killed by cervical dislo-
cation without anesthesia and blood was
collected for determination of total protein
by the method of Gornall et al. (12). The
lymphoid organs (thymus and mesenteric

Casein? 20 6

Starch 32.5 36.0 lymph nodes) were removed, weighed and
Glucose 9.0 15.0 kept in liquid nitrogen prior to the measure-
Sucrose 226 27.4 ment of protein content and enzyme activi-
DL-Methionine 0.5 0.2 ties. All chemicals and enzymes were ob-
Corn oil 10.0 10.0 tained from Sigma Chemical Co. (St. Louis,
Salt mixture 4.0 4.0 MO)

Vitamin mixture 1-0 10 On the basis of preliminary experiments
Choline hydrochloride 0.4 0.4
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extraction, glycolytic enzymes were extractwhereas a reduction was found for mesen-

ed with the following medium: 50 mM Tris- teric lymph nodes (0.23 + 0.05 compared to

HCI, 70 mM KCI, 8 mM MgSQ@ 10 mM 3- 0.10 £ 0.016 for control animals, as the mean

mercaptoethanol, pH 7.5. The extractiort SEM of 9 rats).

medium for glutaminase was 150 mM phos- The protein content of the lymphoid or-

phate buffer (equimolar )KIPO,KH,PQ,), gans was also determined. The values (in

1 mMEDTA and 5 mM Tris-aminomethane,mg/g fresh tissue) expressed as mean + SEM

pH 8.6. HK activity was determined by theof 5 rats were: for mesenteric lymph nodes,

method of Uyeda and Racker (13), PFK-1 b®6.1 + 5.2 (control) and 81.4 + 5.7 (malnour-

the method of Mansour, modified (14), andshed rats); for thymus, 102.3 + 4.4 (control)

PHI (15), aldolase (16), PK (17), LDH (18),and 72.6 + 6.6 (malnourished rats). The re-

and glutaminase (19) by previously pub-duction in protein content was significant

lished methods. All enzymatic analyses wer@<0.05) only for the thymus.

performed by continuous coupled-enzyme The activity of the enzymes of the glyco-

spectrophotometric assays and were moniytic pathway was not affected by malnutri-

tored at 340 nm and 8Din 1.0-ml volumes. tion (Table 2). These findings support the

The results are reported as U/mg protein fgoroposition that this condition does not seem

glycolytic enzymes and as pmol/min per go affect glucose metabolism of the lym-

fresh tissue for glutaminase. Tissue proteiphoid organs and thus a reduction of the flux

content was determined by the method odf metabolites through this pathway is un-

Lowry et al. (20). Data were analyzed statis-

tically by the two-tailed Studemitest, with Table 2 - Effect of protein malnutrition on glycolytic enzymes

the level of Significance set at P<0.05. and phosphate-dependent glutaminase activity of immune tis-

The body weight and fresh weights of °“**

thymus and mesenteric lymph nodes, re- gesuits of glycolytic enzymes are expressed as U/mg protein

ported as the mean = SEM of 9 rats, were and of phosphate-dependent glutaminase as pmol/min per g

320.0 + 28.5, 0.30 + 0.05, and 0.40 + 0.04 g, fresh tissue. Data are reported as me.:an‘s + SEM for 6 rats.
. *P<0.05 compared to control group as indicated by the Student

respectlvely, for control rats, and 66.0 + ttest. HK, Hexokinase; PHI, phosphohexoseisomerase; PFK-1,

17.8,0.04 £ 0.01, and 0.10 £ 0.02 g, respec- phosphofructokinase-1; PK, pyruvate kinase; FBP, fructose 1,6-

tively, for malnourished rats. There was a Pisphosphate; LDH, lactate dehydrogenase.

significant decrease (P<0.05) in the three ¢ ..o

) o Control Malnourished
parameters due to protein malnutrition.
Plasma albumin levels (3.70 + 0.34 and 6.60 Thymus
. Glutaminase 4.20 + 0.40 2.42 + 0.20*
+ L
+ 0.78 g/100 ml'for malnourished and con- 1% o 008 Bl o 6
trol rats, respectively, as the mean + SEM of py) 850 + 1.70 9.40 + 1.40
7 determinations) were also reduced PFK- 0.25 + 0.04 0.30 + 0.05
(P<0.05). The decrease in plasma albumin Aldolase U2 < 005 Dl T
. . L PK 2.30 + 0.34 2.55 + 0.35
levels (44%) and in body weight (80%) indi-  py 51us Fep 3.60 + 0.60 412 + 0.60
cates the severity of the protein malnutrition LDH 9.40 + 1.40 10.90 + 1.50
schedule imposed on the rats. T_he fresh \esenteric lymph nodes
weight of the thymus and mesenteric lymph  Glutaminase 4.30 £ 0.40 2.65 + 0.29%
nodes was decreased by 87% and 75%, re- HK 0.14 + 0.02 0.17 + 0.02
tively. The reduction in lymphoid organ £ 000 127 928 = 140
Spectively. The reductio ymphoidorgan  pe 0.22 + 0.03 0.23 + 0.03
weight has also been reported by others for aigolase 0.25 + 0.04 0.29 + 0.02
both laboratory animals and humans (2). PK 2.35 £ 0.38 2.70 + 0.41
; : ; PK plus FBP 3.16 + 0.42 3.87 + 0.60
The relative weight (g/100 g body weight) of 980 + 145 595 1 150

the thymus did not differ between groups,
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likely to play a role in the involution of thesetion of this metabolite is assumed to control
organs in protein-malnourished rats. the rate of cell proliferation (5). Therefore, a

The glutaminase activity (umol/min perlow glutaminase activity may lead to a de-
g fresh tissue) of thymus and lymph nodesrease in the cellularity of the organ and thus

was reduced by half in malnourished rats agf its size and weight.
compared to controls (Table 2). These re-
sults support the proposition that the flux oAcknowledgments
substrates through glutaminolysis might be
decreased due to protein-calorie malnutri-

The authors are indebted to Profs. Lor
tion. Since glutamine is an important precurCury and Marilene G. Vecchia for their con-

sor of nucleotide synthesis (7), the utilizatribution to the formulation of the diets.
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