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Abstract

Objective: To compare the polymorphonuclear leuko-
cyte (PMN) functions (phagocytosis and intracellular
killing activity) of elderly patients with healthy young
volunteers. Subjects and Methods: Fifty-nine elderly
patients who had various diseases (cancer, hypertension
and diabetes mellitus, DM) and 10 healthy young volun-
teers were included in this study. Ficoll-Hypaque gradi-
ent centrifugation was used to isolate PMNs from ve-
nous blood containing EDTA (0.1 g/ml). Phagocytosis
and intracellular killing activity of neutrophils were as-
sayed using a modification of Alexander’'s method, in
which serum opsonins, number of neutrophils and num-
ber of microorganisms are standardized in order to de-
tect both increases and decreases in phagocytosis and
intracellular killing as well as combined abnormalities of
these two functions. The least significant difference test
was used to compare the results in the two groups. Re-
sults: Phagocytic activity of PMNs from patients with
cancer was significantly higher than that of healthy

young volunteers (p < 0.05) and elderly patients with hy-
pertension and DM (p < 0.05). There was no statistical
difference between the phagocytic activity of PMNs from
elderly patients with hypertension and DM and healthy
young volunteers (p > 0.05). The intracellular killing ac-
tivity of PMNs from elderly patients with hypertension,
DM and cancer was significantly lower than that of
healthy young volunteers (p = 0.001, p < 0.0001, p =
0.003, respectively). Conclusions: The intracellular killing
activity of PMNs from elderly patients was significantly
decreased when compared with that of healthy young
volunteers. Ageing, chronic diseases and drugs used in
the treatment of these elderly patients may be the cause
for decreased intracellular killing activity.

Copyright © 2005 S. Karger AG, Basel

Introduction

Ageing is a dynamic phenomenon, and many defects
in all functions of the elderly, including changes in the
immune functions during senescence, have been docu-
mented. Ageing is considered to be a common predispos-
ing factor to the immunodeficiency syndrome. ‘Immu-
nosenescence’ is the deterioration of the immune system
in elderly people, and it is thought that these people suf-

KA RG E R © 2005 S. Karger AG, Basel
1011-7571/05/0146-0382$22.00/0
Fax +41 61 306 12 34
E-Mail karger@karger.ch

www.karger.com

Accessible online at:
www.karger.com/mpp

Adile Cevikbas

Department of Pharmaceutical Microbiology, Faculty of Pharmacy

University of Marmara

TR-34628 Haydarpasa, Istanbul (Turkey)

Tel. +90 216 414 29 62, Fax +90 216 345 29 52, E-Mail fmikrobiyoloji@hotmail.com


http://dx.doi.org/10.1159%2F000088109

fer higher rates of morbidity and mortality from infec-
tions, possibly autoimmune diseases and cancer [1-4].

Phagocytic cells, such as polymorphonuclear leuko-
cytes (PMNs) perform an important defensive function
against infectious agents such as bacteria, viruses and fun-
gi. Many investigations have revealed that neutrophil
phagocytic ability, intracellular killing capacity, superox-
ide production and enzyme release are impaired during
senescence [1, 3, 5, 6]. Some studies have demonstrated
a decrease in the microbicidal activity of PMNs, as well
as a decrease in oxidative metabolism when PMNs are
stimulated with a phagocytic stimulus, and have related
these to the ageing process [7, 8].

Hence we decided to assess PMN functions (phago-
cytic and intracellular killing activity) of elderly patients
and compare them with healthy young volunteers.

Subjects and Methods

Subjects

Sixty-nine consecutively selected subjects were included in this
study: 59 elderly patients with a mean age of 73.2 years (range
60-92) and 10 healthy young volunteers as controls (mean age 25
years, range 20-31). All of the volunteers were drug-free individu-
als. Of the elderly patients, 33 had hypertension, 17 diabetes mel-
litus (DM) and 9 cancer. Blood was taken from the 59 elderly pa-
tients who were hospitalized and were being treated with various
drugs appropriate for their diseases [the hypertensive patients were
treated with enalapril (5 mg), verapamil (40 mg) and patients with
cancer who had stomach ache were treated with ranitidin (3 X
10 mg)]. Additionally the hypertensive patients and patients with
cancer were given vitamin supplementation [vitamin A (300,000
1U/daily, p.o.) and vitamin B (250 mg thiamine and 250 mg pyri-
doxine daily, p.o.)] in the Department of Internal Medicine, Istan-
bul Faculty of Medicine, University of Istanbul, Turkey. Ethics
committee approval was obtained prior to the study.

Methods

Phagocytic and intracellular killing activities of the PMNs were
assayed using a modification of Alexander’s method [9]. In the
modified method, Ficoll was used in place of dextran and PMNs
were counted by microscope instead of standard pour plate tech-
nique. The PMNs were isolated from the venous blood by the Fi-
coll-Hypaque gradient centrifugation method [10, 11]. Twenty mil-
liliters of venous blood was drawn from both elderly patients and
the control subjects into 0.1 g/ml ethylenediaminetetraacetic acid.
The blood was centrifuged at 1,048 g for 30 min, the buffy-coat
layer was removed, added to Ficoll-Hypaque plus Polymorphprep
solution and centrifuged at 1,509 g for 30 min. The PMN layer was
removed, washed 3 times and suspended in Hank’s Buffered Salt
Solution (HBSS).

Viability of PMNs was assayed as 98% (by trypan blue staining),
and cell density was adjusted by dilution to 1 x 107 cells/ml using
methods described previously [10, 11].
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Table 1. Phagocytic and intracellular killing activity of polymor-
phonuclear leukocytes from elderly patients with hypertension,
DM and cancer and from healthy young volunteers

Intracellular
killing activity, %

Donors n Phagocytic

activity, %

Hypertensive elderly 33 45.67+16.10 4,82 +4,49%**
Diabetic elderly 17 46.76+23.99 2.94 £ 1,78k
Elderly with cancer 9  62.89+18.94*% 4.39+4.00%*
Young volunteers 10 45.00+7.49 9.50+2.59

*p <0.05,** p=0.003, ** p =0.001, *** p < 0.0001.

A clinical strain of Candida albicans was used to determine the
phagocytic and intracellular killing activity of PMNSs. C. albicans
viability was assayed as greater than 98% by methylene blue stain-
ing. PMNs suspended in HBSS were incubated at 37°C for 30 min
in a shaking incubator. C. albicans (in another tube) was suspend-
ed in HBSS, and then an aliquot of sterile human serum (1:4) was
added (in order to opsonize it) followed by incubation at 37°C for
30 min. Yeast cells were then added to the PMN tube, and the final
mixture contained 5 x 10® PMNs/ml and 5 x 10° yeast cells/ml.
Dead yeast cells were determined after adding 0.01% methylene
blue stain (1:1 ratio) in the last 5 min of the incubation. The phago-
cytic activity was determined by the percentage of PMNs that had
phagocytosed yeast cells. The intracellular activity was determined
by the percentage of PMNs that included killed yeast cells as de-
scribed previously [10, 11].

The phagocytic and intracellular killing activity of PMNs from
elderly patients with hypertension, DM, cancer and healthy young
volunteers were recorded and subjected to statistical analysis.

Statistics

The results were expressed as means = SD. Differences between
groups were examined by using the least significant difference
(LSD) test and p values = 0.05 were considered statistically sig-
nificant.

Results

The phagocytic and intracellular killing activities of
the PMN leukocytes are recorded in table 1. Phagocytic
activity greater than 30% and intracellular killing activity
more than 4% were regarded as normal values. There was
no significant difference between the phagocytic activity
of PMNs from elderly patients with hypertension and
DM and healthy young volunteers (p > 0.05). However,
the phagocytic activity of PMNs from elderly patients
with cancer was significantly higher than that of healthy
young volunteers (p < 0.05).
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The intracellular killing activity of PMNs from elder-
ly patients with hypertension, DM or cancer was signifi-
cantly lower than that of healthy young volunteers (p =
0.001, p<0.0001, p =0.003, respectively; table 1). How-
ever, there was no significant difference between the in-
tracellular killing activity of PMNs when the all groups
(hypertension, DM and cancer) of elderly patients were
compared between each other (p > 0.05). The phagocytic
activity of PMNSs from elderly patients with cancer was
significantly higher than that of elderly patients with hy-
pertension and DM (p < 0.05).

Discussion

Our results show that with increasing age, the intracel-
lular killing activity of PMNs, which have an important
role in the cellular-mediated mechanism of immunity in
elderly patients, decreased significantly when compared
with that of healthy young volunteers, a result similar to
previous reports [2, 7, 12]. Also the intracellular killing
activity of PMNs from elderly patients with hypertension
and DM decreased, but their phagocytic activity did not
significantly decrease when compared with that of healthy
young volunteers. However, the phagocytic activity of
PMNss from patients with cancer was significantly higher
than that of patients with hypertension, DM or healthy
young volunteers (p < 0.05). In a study carried out on fe-
brile neutropenic children with leukemia and treated
with antibiotics, it has been shown that the phagocytic
activity of PMNs was higher than the normal ranges [13].
This may be due to endogenous pyrogens, secreted by
monocytes that surround the tumor mass during inflam-
mation [14] and/or treatment with various antibiotics
[13].

Ageing, chronic diseases and the drugs used in the
treatment of elderly patients may be the cause for the de-
crease in PMN functions in this study group. Thus, it has
been shown that enalapril (5 mg/kg) reduced the adher-
ence of PMNSs [15], verapamil (10~* mol/1) inhibited leu-
kocyte functions [16], and ranitidin (30 mg/kg, i.v.) in-
hibited the release of elastase as well as the production of
O, in PMNs [17]. The patients in this study had been
placed on such treatments by the attending physicians.

While some investigations showed that only the phago-
cytic activity of PMNs decreased in elderly patients, oth-
ers showed that only the PMN intracellular killing activ-
ity decreased with age, or that both phagocytic and intra-
cellular killing activity decreased in the elderly group [1,
7, 8]. The findings with respect to intracellular killing by
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PMNs in our study are similar to the findings in other
studies. However, there was no significant difference be-
tween the phagocytic activity of PMNs from the elderly
patients with hypertension and those with DM in our
study. This might be a consequence of vitamin supple-
mentation, which most of our elderly patients had taken
during their treatment. It has been reported that vitamin
A, B and E supplementation significantly increased
phagocytic activity of PMNs [18, 19].

Conclusion

Our results have demonstrated that the intracellular
killing activity of PMNs in elderly patients is significant-
ly decreased when compared with that of healthy young
volunteers, indicating that ageing, chronic diseases and
the drugs used in the treatment of these elderly patients
may be the cause of the decrease in PMN functions.
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