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Aged and protein-malnourished hosts have diminished febrile responses and Increased
morbidity and mortality from infection that could be due to deficiencies In the production
of certain monoklnes. In this study, the ability of peritoneal macrophages from aged and
protein-malnourished rats to produce IL-I and TNF was explored. Aged rats fed a
standard diet produced less IL-I and TNF, as measured by the thymocyte proliferation
and L929 cytotoxicity assays, than young and middle-aged rats. Monokine production
was not diminished by protein malnutrition in any age group. No synergistic decline in
IL-l or TNF production was seen with increasing age in malnourished rats. Diminished
lL-l and TNF production may partially explain the severity of infection seen in the elderly
patient, but not the malnourished host. The role of other cytokines such as IL-6 and
cytokine inhibitors in aging and malnutrition should be explored.
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INTRODUCTION

In debilitated hosts, especially the aged and malnour-

ished, the course of infection can be particularly severe,

frequently ending in death [3,33]. Why the aged and
malnourished are more easily infected or fail to clear a

pathogen may relate to environmental factors, such as

those found in nursing homes and hospitals that harbor

antibiotic-resistant bacteria [1 7]; breakdown of anatomic
barriers, such as might occur with decubitus ulcers; Un-

derlying illnesses; or defects in immunity [ 15] . Both aging

and malnutrition are accompanied by significant changes

in the immune response [4, 15,27]. Defects in nonspecific

inflammatory responses, such as fever, also have been

described in both elderly and malnourished humans

[9,36]. In several studies, an inability to mount a febnle

response has been associated with a higher mortality from

infection [14,33]. In this study, we evaluated whether the

production or secretion of monokines that serve as febrile

mediators, interleukin- 1 (IL- 1) and tumor necrosis factor

(TNF), are diminished in an animal model of aging and

moderate protein malnutrition [8].

MATERIALS AND METHODS
Animals

Specific pathogen-free young (2-3 months), middle-

aged (12-13 months), and aged (22-23 months) Fischer

344 male rats (Harlan Sprague Dawley, Inc., Indiana-

polis, IN) were individually housed in wire mesh cages

and maintained on a 12 hr light-dark photoperiod at an

ambient temperature of 26 ± 1#{176}C.

Diets

The control diet consisted of standard rat chow (5001,

Ralston Purina, Inc. , St. Louis, MO), containing 23%

protein. The low protein diet consisted of an isocaloric

8% casein chow (ICN Biochemicals, Inc. , Cleveland,

OH), which causes moderate, but not severe, protein

malnutrition. The major components and kilocalories

contained in each diet have been described previously

[8] . Young rats were fed the experimental diets for 4

weeks and middle-aged and aged rats for 6 weeks to

ensure moderate protein malnutrition [8] before harvest-

ing their peritoneal macrophages.

Experimental Design

In each age group 20 rats were fed the low protein diet

and 20 rats were fed the standard chow. After consump-

tion of the diets for the times indicated above, peritoneal

macrophages were harvested to assess the ability of rats

of different ages and on different diets to secrete mono-

kines, as measured by thymocyte proliferation and fibro-

blast cytotoxicity. Thus, when studied, animals were

3-4 months old (young), 13-14 months old (middle-

aged), and 23-24 months old (aged).
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Assay for Protein Malnutrition

After peritoneal macrophages were harvested, the

liver was removed and stored at -70#{176}C; L-alanine

aminotransferase (ALT) activity and total protein content

were determined as previously described [18,26].

Monokine Production

Three days before harvest of peritoneal macrophages,

rats were injected intraperitoneally with 30 ml of shell-

fish glycogen (Sigma, Inc., St. Louis, MO) in 0.9%

NaCl (0.2 g/dl). Three days later, macrophages were

washed from the peritoneal cavity with Hanks’ balanced

salt solution and heparin (1 unit/ml) as previously

described [7] . Macrophages at a concentration of 2 . 5 x

106 cells/ml were mixed with Staphylococcus epider-

midis to stimulate monokine secretion as described

before [23].

Thymocyte Proliferation Assay for IL-i Activity

Thymocytes from 8-week-old C3H/HeJ mice (Jackson

Laboratories, Woods Hole, MA) were cultured at 2.5 x

106 cells/ml in RPMI-1640 with 10% fetal calf serum,

glutamine, penicillin, and streptomycin in a 0.2 ml
volume in flat-bottom microtiter plates [28]. Phytohem-

agglutinin (PHA) (2 rig/well) (Burrough-Welicome,
Inc. , Research Triangle Park, NC) was added to each

well, along with 10 �il of varying dilutions (undiluted to

1 : 100) of macrophage supernatants in RPMI- 1640. After

3 days of incubation at 37#{176}Cin 5% C02, 1 p�C 3H-

thymidine was added to each well. The cells were

harvested after 4 hr with a cell harvester, and 3H activity

was assayed in a beta counter. IL- 1 activity was calcu-

lated with a standard curve derived by plotting prolifer-

ation of thymocytes expressed as disintegrations per

minute or DPM against units per milliliter of human

rIL-1 alpha (Genzyme Inc. , Boston, MA).

Inactivation of Interleukin-i Activity

Macrophage supernatants were heated or mixed with
various dilutions of anti-IL- 1 or anti-TNF to help deter-

mine which monokine was responsible for the prolifera-

tive effects. Human rIL- 1 alpha ( 100 U/ml) (Genzyme,

Inc.), human rTNF alpha (500 U/ml) (Endogen Inc.,

Boston, MA), and control rat macrophage supernatants
were mixed 1 : 1 with various dilutions in RPMI-1640

(1:10-1:2000) of antimurine IL-i (gift of Dr. Stephen

Chensue), antimurine TNF alpha (Genzyme, Inc.), or

RPMI-1640 for 1 hr before adding 10 pA amounts to

wells containing thymocytes. In another experiment,

rIL- 1 and control rat macrophage supernatants were

heated at 70#{176}Cfor 30 mm, as previously described [7],

before adding 10 � to wells containing thymocytes and

testing for proliferation. In both experiments, samples

TABLE 1. Effect of Low-Protein Diet on Liver L-Alanine

Aminotransferase Activity in Three Age Groups

L-alanine aminotransferase activity

(units/mg protein)’

Age group (months) Control diet Low-protein diet P valu&’

2-3 0.38 ± 0.01 0.20 ± 0.01 <0()05

12-13 0.37 ± 0.02 0.22 ± 0.01 <.0005

22-23 0.24 ± 0.01 0.14 ± 0.01 <0005

aData are expressed as mean ± SEM.
bStatistical differences shown are for control vs. malnourished rats in

each age group. In addition, elderly rats in both control and malnour-
ished groups had significantly less ALT activity than the younger rats

(P < .0005).

were tested in quadruplicate. Data were expressed as

stimulation index, DPM PHA + sample/DPM PHA.

L929 Cytotoxicity Assay for TNF Activity
L929 cells (5 x i04 cells/0. 1 ml) in RPMI-l640 with

glutamine, penicillin, and streptomycin were placed into

flat-bottom microtiter plates for 18 hr at 37#{176}Cin 5% CO2

in the presence of 1 �ig/ml actinomycin D and varying

dilutions of macrophage supernatants in RPM!- 1640

(undiluted to 1 : 100). After incubation, the plates were

washed and stained with crystal violet; the amount of

lysis was determined with a micro-ELISA reader as

previously described [1].

Data Analysis

Data from the two differnt groups of rats (protein

malnourished and control diets) were compared by Stu-

dent’s t test. Data from the three different age groups

were compared with Bonferroni’s t test for comparison

of more than two groups.

RESULTS

The rats in each age group receiving the 8% casein diet

were significantly protein deprived, as shown by their

lower liver ALT activities (Table 1). The liver ALT

content in elderly rats was significantly lower than that in

both middle-aged and young rats for those on both the

control diet and the 8% casein diet.

Protein malnutrition did not appear to decrease TNF

secretion when protein-malnourished rats were compared

with control rats in each of the three age groups (Fig. 1).

However, there was a fall in TNF activity with increas-

ing age. Both middle-aged and elderly rats showed

significantly less TNF activity than the younger rats.

This was true for the control diet rats (P < .0005 for both

young vs. middle aged rats and for young vs. elderly

rats) and the low-protein-diet rats (P < .0005 for young

vs. elderly rats and P = .015 for young vs. middle-aged

rats) (Bonferroni’s t test).

According to a thymocyte proliferation assay for IL-!

activity, protein malnutrition did not cause decreased



. CONTROL

D PCM

.
�

VO�NG MIDOLE AGED EWERLY

AGE

TABLE 2. Neutralization of IL-i-Initiated Thymocyte
Proliferation by Antibodies to Monokines and Heatinga
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Fig. 1 . Tumor necrosis factor (TNF) activity from peritoneal
macrophages of control and protein-malnourished (PCM) rats
in three different age groups, shown as mean units per milliliter
with standard error of the mean (SEM) indicated. In each age
group, differences between protein-malnourished and control
rats were not statistically significant. In the control diet groups,
the young rats differed significantly from the middle-aged (P <

.0005) and the elderly rats (P < .0005) in TNF production. In the
protein-deficient-diet groups, also, the young rats differed sig-

nificantly from the elderly (P < .0005) and the middle-aged rats
(P = .015) in TNF production.

secretion of IL-l by peritoneal macrophages (Fig. 2). In

each age group, differences in IL- 1 production between

protein-malnourished and control rats were not signifi-

cant. However, aging appeared to decrease the secretion

of IL- 1 ; elderly rats fed the control diet had less IL- 1

activity in macrophage supernatants than both middle-

aged rats (P < .01) and young rats (P < .01) on the

control diet (Bonferroni’s t test). In rats fed the protein-

deficient diet, there were no significant differences

among the three age groups.

The proliferative activity of rat macrophage superna-

tants was inhibited by antimurine IL- 1 , but not by

anti-murine TNF (Table 2). The addition of human TNF

(2.5 U/well) did not cause thymocyte proliferation. Heat

treatment of both rIL- 1 and the rat macrophage superna-

tants inhibited their ability to stimulate thymocyte pro-

liferation.

DISCUSSION

The association of increasing age with a diminished

febrile response during infection has been a common

medical teaching for centuries [35]. Justification for this

observation is derived primarily from clinical studies of

acute, serious illness in which the aged were less likely

to develop a fever and were more likely to die from

infection than other age groups [14,16,33]. In other

studies of infection in the elderly, diagnostic localizing

signs and other parameters of inflammation were often

Fig. 2. Interleukin-l (lL-l) activity from peritoneal macroph-
ages of control and protein-malnourished (PCM) rats in three
different age groups, shown as mean units per milliliter with
SEM indicated. In each age group, differences between protein-
malnourished and control rats were not statistically significant.
In the control diet groups, elderly rats showed significantly less
IL-i activity than middle-aged (P < .01) or young rats (P < .01).

Mean stimu lation index

Human Rat 1 Rat 2 Human

Pretreatment rIL- 1 supernatant supernatant rTNF

None 24.5 12.7 8.3 1.7

Antimurine 12.9 2.1 2.3 -

IL-I
Antimurine - 23.6 17.5 3.9

TNF

70#{176}C,30 mm 1.8 2.4 1.6 -

diminished or absent [2,34]. In a model of sublethal

Salmonella infection, aged rats had significantly less

fever than their middle-aged counterparts [6] . The pau-

city of inflammatory signs in the aged might suggest a

defect in such mediators as TNF and IL- 1.

Our study corroborates the results found by other

investigators who noted that supernatants from aged

murine peritoneal macrophages had less IL- 1 activity

than supernatants from other age groups, as measured by

the thymoctye proliferation assay [10,21] . However,

using Lewis rats, Rosenberg et al. [32] found no decline

in IL-i production with increasing age. The differences

between Rosenberg’s results and ours may relate to

different rat strains , different assays for IL- 1 , and per-

haps other methodologic differences.

The ability of aged hosts to produce TNF has not been

assessed previously. In this study, aged rat macrophages

produced less TNF than macrophages from younger rats,

as measured by the L929 cytotoxicity assay.

In contrast, when the rat febrile-response assay was
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used to measure endogenous pyrogen production from

either human monocytes or rat macrophages, no age-

related decline in production of pyrogens was seen

[22,23]. Whereas the thymocyte proliferation assay mea-

sures predominantly IL-i activity and the L929 assay
measures primarily TNF, especially when run with

antibody controls to help ensure specificity, the febrile-

response assay is influenced by the presence of IL- 1,

TNF, IL-6, and perhaps other mediators as well [ 13].

This could explain the dichotomy between the results

obtained with the two different assays.

Why aged macrophages produced less IL- 1 and TNF

is unclear. Both cytokines cause a wide range of meta-

bolic effects, some of which may be beneficial. Lower

levels of monokines in the aged might explain, in part,

their increased morbidity and mortality from infection.

In animal studies of bacterial infection, supplementation

with IL-i or TNF provided protection, presumably by

augmenting nonspecific host defense mechanisms [5,

11,12,30,31].

Other factors, in addition to aging, may influence the

incidence and outcome of infection in elderly popula-

tions. Protein malnutrition occurs commonly in elderly

hospitalized patients [29]. Protein deprived hosts, like

the elderly, are more susceptible to infection and are less

likely to survive than hosts that have an adequate protein

intake [3]. Similarly, protein-malnourished hosts have

also been found to have diminished febnle responses,

usually in the face of sepsis or overwhelming infection

[9,19].

In previous studies, when supernatants derived from

either macrophages of protein-deprived animals or mo-

nocytes of protein-malnourished humans were assayed

by injection into normal animals, febrile responses and

acute-phase reactants were diminished, when compared

with responses after injection of monocyte or macroph-

age supernatants from control subjects [7, 19,20,24,25].

These studies suggested that protein-malnourished hosts

had a deficiency in mediators of fever and acute-phase

reactants, such as IL-i and TNF. However, our current

experiments using thymocyte stimulation and cytotoxi-

city assays for IL-l and TNF, respectively, did not show

any diminished activity related to protein malnutrition.

Thus, endogenous pyrogen assays showed normal

production of pyrogenic monokines by macrophages of

aged animals, but diminished production by cells from

protein-malnourished animals. On the other hand, in

vitro assays for IL- 1 and TNF showed the opposite

results: aging appeared to decrease both IL-i and TNF

activity, whereas protein malnutrition did not diminish

activity of either monokine. The decrease in fever and

other nonspecific host defense mechanisms in the mal-

nourished could be due to deficiencies in other cyto-

kines, such as IL-6, which were not measured in this

study. Protein-malnourished hosts could also produce

inhibitors to IL-l or TNF, which might influence fever

production in vivo, but may not be evident in the in vitro

assays performed in this study.

No synergistic effect of age and malnutrition on IL- 1

and TNF production was seen in this study. Similarly, no

synergistic decrease in the febrile response was seen with

age and malnutrition in rats injected with pyrogens in a

previous study [8]. Further studies need to be done to

delineate the underlying defects present in the malnour-

ished host. Other factors may contribute to the develop-

ment of infection in certain elderly populations.
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