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Changes in macrophage and lymphocyte functions in guinea-pigs after
different amounts of vitamin E ingestion
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Vitamin E is the main biological lipid-soluble antioxidant and plays a crucial role in the
maintenance of the immune system. In the present work, twenty-one guinea-pigs (3-weeks-old)
were distributed into three groups, which during 5 weeks ingested different amounts of vitamin E
(/kg diet): 15 mg (low vitamin E diet), 150 mg (medium vitamin E diet; control) or 1500 mg (high
vitamin E diet). The function of lymphocytes and macrophages were then studied. In macro-
phages obtained from the peritoneum several steps of the phagocytic process (chemotaxis,
ingestion and superoxide anion production) were assayed, as well as chemotaxis and proliferation
of peritoneal and spleen lymphocytes. The results indicate that with respect to the medium
vitamin E diet, low ingestion of vitamin E causes a decrease in chemotaxis and production of
superoxide anion by macrophages and an increase in the phagocytic capacity. With the high
vitamin E diet an increase in macrophage and lymphocyte chemotaxis, superoxide anion
production and lymphoproliferative capacity, as well as a decrease in phagocytosis, were
observed. Therefore, diet supplementation with higher than usual levels of vitamin E appears
to be beneficial for the immune system.

Vitamin E: Leucocytes: Immune response: Guinea-pigs

Vitamin E is the most important lipid-soluble antioxidant
present in body tissues and is considered the first line of
defence against lipid peroxidation because of its quenching
activity that protects cell membranes from free radical
injury (Sies & Murphy, 1991). Determination of vitamin E
requirements is controversial because high vitamin E levels
may be necessary to prevent peroxidative damage. The
current recommended dietary allowance for vitamin E in
the USA is 10 mg/d, which falls into the range of acceptable
intakes according to the COMA report (3⋅5–19⋅5 mg/d).
However, although this vitamin E intake prevents the
clinical deficiency syndrome, it fails to maintain optimal
host defence especially in older subjects or in disease states
(Beharkaet al. 1997). Recent research provides evidence
that a vitamin E intake much higher than the current recom-
mendations can contribute to improved human health (Mey-
dani et al. 1997; Weberet al. 1997). Results of several
studies suggest that increased vitamin E intake is associated
with a decreased risk of certain types of cancer (D’Avanzo
et al. 1997; Penget al. 1998) and CHD (Kushiet al. 1996).
In fact, this antioxidant is involved in atherogenesis, inhibit-
ing the proliferation of vascular smooth muscle cells (Azzi

et al. 1995) and reducing the susceptibility of LDL to oxida-
tion (Simonset al. 1996). Moreover, on the basis of recent
data it can be assured that vitamin E is safe and well toler-
ated at much higher than the recommended daily intakes and
over long periods of time (Weberet al. 1997).

The important role ofa-tocopherol in the defence against
oxidative damage is especially relevant in leucocytes,
because immune function and particularly phagocytic func-
tion is linked to the release of O2 radicals that participate in
the microbicidal activity of macrophages. Thus, the immune
system has been shown to be more sensitive than other
systems to antioxidant deficiencies in the diet (Meydani,
1998). Several authors have suggested that impaired host
defence can act as a very early and sensitive marker of
marginal deficiency of antioxidant micronutrients and thus,
assessment of immune functions could serve as an important
preventive diagnostic tool in the detection of marginal but
functionally relevant micronutrient deficiencies (Schmidt,
1997).

Although it is known that the immune response is
impaired when antioxidant vitamins are not present in the
diet (Bendich, 1989), few reports deal with vitamin E effects
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on immune function. Stimulation of the lymphoproliferative
response (Sakai & Moriguchi, 1997) and increased phago-
cytic activity (Moriguchi et al. 1990) have been shown.
More recently, an inhibition of macrophage migration
inhibitory factor was reported (Sakamotoet al. 1998). Our
group has also carried out recent work on the effect of
vitamin E on functions of murine leucocytesin vitro (Del
Rı́o et al. 1998) and on the immune response in a group of
elderly women to whom a supplemented diet was adminis-
tered (De la Fuenteet al. 1998).

Considering the increasing interest on the beneficial effects
of vitamin E intake, especially on the immune response, the
aim of the present work was to study several immune
functions in an animal model, namely guinea-pigs that were
fed on diets containing three different amounts of vitamin E.

Animals and methods

Animals and diets

Dunkin-Hartley male guinea-pigs of 3 weeks of age were
obtained from Iffa-Credo (Lyon, France). The animals were
randomly divided into three experimental groups, each con-
taining seven individuals, which received three diets differ-
ing in the vitamin E content for 5 weeks, i.e. low diet (15 mg
vitamin E/kg basal diet), medium diet (150 mg vitamin E/kg
basal diet) and high diet (1500 mg vitamin E/kg basal diet).
The same basal diet (U.A.R., Perpignan, France) was
administered to the three groups, which contained (g/kg):
protein 185, fat 29, carbohydrate 469, mineral mix 84,
vitamin mix 14, moisture 11, non-nutritive bulk 109. The
content of minerals and vitamins was (/kg diet): P 8⋅6 g, Ca
10⋅6 g, K 12⋅0 g, Na 3⋅45 g, Mg 3⋅13 g, Mn 100 mg, Fe
320 mg, Cu 26 mg, Zn 85 mg, Co 1⋅61 mg, vitamin A
19 000 IU, vitamin D3 2031 IU, thiamine 22⋅5 mg, riboflavin
21 mg, pantothenic acid 1243 mg, pyridoxine 10⋅7 mg,
menadione 55 mg, niacin 193 mg, folic acid 7⋅3 mg, biotin
0⋅275 mg, choline 1⋅74 g, myoinositol 250 mg, vitamin B12

0⋅054 mg,p-aminobenzoic acid 10 mg, vitamin C 660 mg.
Guinea-pigs were housed in air-positive pressure animal
cabinets (A 130 SP, Flufrance, Cachan, France) with an
HEPA air-filter at the inlet (99⋅999 % for particles. 0⋅03mm
at the inlet).

Collection of leucocyte suspensions

The animals were killed by decapitation according to the
guidelines of the European Community Council Directives
86/6091 EEC. Peritoneal suspensions were obtained from
each animal following a method previously described
(Ortegaet al. 1992). Briefly, after intraperitoneal injection
of 10 ml Hank’s medium (Gibco Canada Ltd., Burlington,
Ontario, Canada), the abdomen was massaged and peritoneal
resident cells, containing macrophages and lymphocytes,
were removed, allowing the recovery of 90–95 % of the
injected volume. The macrophages, identified by morphology
and non-specific esterase staining, and the lymphocytes
were counted in Neubauer chambers and their concentrations
were adjusted in the same medium at 5×105 cells/ml. The
spleen was removed aseptically, freed of fat, minced with
scissors and gently pressed through a mesh screen (Sigma,

St. Louis, MO, USA). The cell suspension was centrifuged
in a gradient of Ficoll-Hypaque (Sigma) with a density of
1⋅070 g/ml. The material in the interface was resuspended in
RPMI 1640 enriched withL-glutamine (Gibco Canada Ltd.)
and supplemented with 10 % heat-inactivated fetal calf
serum (Gibco Canada Ltd.) and gentamicin (100mg/ml,
Gibco Canada Ltd.), washed and the number of lympho-
cytes adjusted to 1×106 cells/ml. Cellular viability was
routinely measured before and after each experiment by the
Trypan-Blue exclusion test and was higher than 95 % in all
experiments.

Chemotaxis, phagocytosis and superoxide
production assays

These assays were carried out following methods previously
described (De la Fuenteet al. 1991). Chemotaxis was
evaluated using chambers with two compartments separated
by a filter (Millipore, Mildford, MA, USA) of 3mm pore
diameter. Aliquots of 300ml of the peritoneal suspension
were deposited in the upper compartment, and aliquots of
400ml of the chemoattractant fMet-Leu-Phe (Sigma) at a
concentration of 10−8 M in the lower compartment. The
chambers were incubated for 3 h, the filters fixed and stained
and the number of macrophages and lymphocytes in the
lower face of the filter were counted and recorded as the
chemotaxis index.

Phagocytosis of inert particles (latex beads (1⋅09mm)
diluted to 1 % in PBS) was carried out incubating aliquots of
200ml of the peritoneal suspension in migratory inhibitory
factor plates (Sterilin, Teddington, London, UK) for 30 min.
The adhered monolayer was washed with PBS at 378C, and
200ml Hank’s medium and latex (20ml) were added. After
30 min of incubation, the plates were washed with PBS,
fixed and stained, and the number of latex beads ingested
per 100 macrophages were counted and recorded as phago-
cytosis index.

Superoxide production was determined by the Nitroblue
Tetrazolium (Sigma) reduction test, based on an equimole-
cular reaction between Nitroblue Tetrazolium and super-
oxide anion (Bagasraet al. 1988). Aliquots of 250ml of
peritoneal suspension were mixed with 250ml of Nitroblue
Tetrazolium solution (1 mg/ml) and 50ml latex beads were
added to one sample set (stimulated samples) and 50ml
Hank’s medium to the other set (non-stimulated samples).
After 60 min of incubation in a bath at 378C, the reaction
was stopped, and following centrifugation, the supernatants
were discarded and the reduced Nitroblue Tetrazolium was
extracted with dioxan. The absorbance of supernatants was
determined in a spectrophotometer at 525 nm.

Lymphocyte proliferative response assay

Proliferation of lymphocytes, spontaneous and induced by
phytohaemagglutinin as mitogen, was determined in 72 h
cultures. Aliquots of 200ml of spleen lymphocyte suspen-
sion were seeded in ninety-six well flat-bottomed microtiter
plates (Costar, Cambridge, MA, USA), and incubated in
the absence or in the presence of phytohaemagglutinin
(25mg/ml) for 48 h at 378C in an atmosphere of 5 % CO2.
To measure proliferation a BrdU labelling and detection
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commercial kit (Roche Diagnostics, Basilea, Switzerland)
was used. Briefly, it consisted of the addition to the culture
medium of BrdU that is incorporated into freshly synthe-
sized DNA. Following fixation of cells, cellular DNA is
partially digested by nuclease treatment. A peroxidase-
labelled antibody to BrdU is then added. At the final step,
the peroxidase substrate is added, yielding a coloured
reaction product as a result of peroxidase enzyme activity.
The absorbance of the sample (measured at 405 nm) is
directly correlated with the level of BrdU incorporated
into cellular DNA.

Statistical analysis

The data are expressed as the mean and standard deviation
of the values from seven animals, each value being the mean
of duplicate assays. In the statistical study, the normality of
the samples was confirmed by the Kolmogorov-Smirnov
test and the homogeneity of variances by the Levene test.
When the variances were homogeneous, the one-way
ANOVA and Scheffe F test were used for the comparison
of parametric samples. Conversely, when the variances
were not homogeneous, the one-way ANOVA and Tamhane
test were used.

Results

The results are shown in Table 1. Chemotaxis of peritoneal
macrophages shows a significant increase with the diet high
in vitamin E in comparison with the medium (P, 0⋅01) and
low (P, 0⋅001) diets, and also a significant (P, 0⋅01)
decrease with the low diet as compared with the medium
one. With respect to the effects observed in lymphocytes,
animals fed on the high vitamin E diet showed higher
chemotaxis indexes (P, 0⋅05) than those fed on the low
vitamin E diet. Phagocytosis of latex beads was significantly
(P, 0⋅001) stimulated with the low vitamin E diet with
respect to the others, while no significant difference was
observed between the medium and high diets. The produc-
tion of superoxide anion was significantly (P, 0⋅001)

reduced in guinea-pigs fed on the low vitamin E diet with
respect to the others. Again no significant difference was
observed between the medium and high diets.

A statistically significant increase was found in sponta-
neous lymphoproliferation with the high vitamin E diet
with respect to the medium (P, 0⋅01) and low (P, 0⋅001)
diets. The proliferation in response to the mitogen phyto-
haemagglutinin showed the same pattern with significant
differences found for the high vitamin E diet with respect to
the control (P, 0⋅001) and low (P, 0⋅01) diets.

Discussion

The effects of three different amounts of vitamin E in the
diet of guinea-pigs have been studied. Animals in the low-
vitamin-E-diet group ingested 0⋅6–0⋅75 mg/d, a dose very
close to the minimum daily requirement for long-term main-
tenance of the growing guinea-pig, i.e. 1 mg/d (National
Research Council, 1978). Animals in the medium-diet
group ingested vitamin E in the normal range used for
routine maintenance of guinea-pigs, 6-fold higher than the
minimum daily requirement. Finally, the high-diet group
was designed to clarify the effects of supplementing the diet
with amounts of vitamin E 65-fold higher than the minimum
daily requirement.

In the present work, an increase in the migration capacity
of macrophages, which is an early step of the phagocytic
process, was found with the high vitamin E diet. Recently it
has been reported that vitamin E inhibits the secretion of
macrophage migration inhibitory factor (Sakamotoet al.
1998), which provides a possible explanation for our results.
The decreased chemotaxis of macrophages found in the
guinea-pigs fed on the low vitamin E diet could indicate an
oxidative state in these animals. Peritoneal macrophages
from mice with oxidative stress caused by endotoxin have
shown a decreased chemotaxis capacity (Vı´ctoret al. 1998),
which seems to be due to a high production of migration
inhibitory factor (Calandra & Bucala, 1997).

The phagocytic activity of macrophages was increased
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Table 1. Effect of different vitamin E contents in the diet on variables of macrophages and lymphocytes function in guinea-pigs

(Mean values and standard deviations for duplicate determination for seven guinea-pigs per group)

Dietary vitamin E

Low Medium High
(15 mg/kg diet) (150 mg/kg diet) (1500 mg/kg diet)

Mean SD Mean SD Mean SD

Macrophage functions
Chemotaxis index‡ 108** 16 151 18 205**††† 23
Phagocytosis index§ 827*** 58 407 59 325††† 36
Non-stimulated O−

2 production (A525) 0⋅017*** 0⋅003 0⋅043 0⋅007 0⋅045††† 0⋅01
Stimulated O−

2 production (A525) 0⋅028*** 0⋅007 0⋅066 0⋅007 0⋅064††† 0⋅011
Lymphocyte functions

Chemotaxis 50 6 59 8 62† 6
Spontaneous proliferation (A405) 0⋅172 0⋅008 0⋅179 0⋅028 0⋅231**††† 0⋅049
Proliferative response to mitogen (A405) 0⋅235 0⋅022 0⋅211 0⋅014 0⋅286***†† 0⋅032

A, absorbance measured at the wavelength (nm) shown as subscript.
Mean values were significantly different from those of the medium vitamin E diet group (control): **P , 0⋅01, ***P , 0⋅001.
Mean values were significantly different from those of low vitamin E diet group: †P , 0⋅05, ††P , 0⋅01, †††P , 0⋅001.
‡ The chemotaxis index was the number of cells in the lower face of the filter. For details of procedures, see p. 26.
§ The phagocytosis index was the number of latex beads ingested per 100 macrophages. For details of procedures, see p. 26.
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for the cells from guinea-pigs that ingested the low vitamin
E diet, a fact seen also by other authors in alveolar macro-
phages of rats (Moriguchiet al. 1990). Thus, these phago-
cytic cells exhibit in vitamin E deficient guinea-pigs a
behaviour similar to that seen in mice with oxidative stress
by endotoxic shock (Vı´ctoret al. 1998) or ageing (McArthur
et al. 1998). With the diet high in vitamin E, a lower index
of phagocytosis was obtained without significant differ-
ences between the medium and high vitamin E diets,
which is in agreement with other authors (Hoganet al.
1992). Again, as in phagocytosis, we observed the same
levels of superoxide anion production with the medium and
high vitamin E diets, significantly higher than the corre-
sponding values with low vitamin E doses. This supports the
idea that the observed increment in phagocytosis found in
response to the low vitamin E diet is not favourable from an
immunological viewpoint since it does not result in an
increase in microbicidal capacity.

The lymphoproliferative response is one of the most
widely studied functions of lymphocytes. There are several
reports on the effect of vitamin E supplementation on this
pivotal immune activity, most of them showing a positive
role of this antioxidant (Sakai & Moriguchi, 1997; McArthur,
1998). Accordingly, we also found an increased prolifera-
tion in response to phytohaemagglutinin mitogen in the
animals that received the high dose of vitamin E. This
action might be explained by a vitamin E induced decrement
of prostaglandin E2 production, which has been correlated
with an increase in interleukin 2 production and concomi-
tant raised proliferation (Beharkaet al. 1997).

In conclusion, recent data support the idea that high
ingestion of vitamin E is safe (Weberet al. 1997). In addi-
tion, our results indicate that a greater than recommended
intake of vitamin E in the diet improves the immune
response of adult guinea-pigs. Therefore, supplementation
of the diet with higher amounts of this vitamin should be
considered in order to improve human health.
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