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Effect of n-6, n-3 Fatty Acids and Vitamin A Levels
on Humoral Immunity in Rats
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Department of Home Ecenomics, Chung Ang University, Seoul, Korea

ABSTRACT

This study was carried out to observe the effects of dietary n-6, n-3 fatty acids and vitamin
A levels on humoral immunity in rat. Sixty eight male Sprague-Dawley rats were fed 6 different
experimental diets for 6 weeks.

The diets were composed of 10% of either corn oil or fish oil with various levels of vitamin
A+ deficient(1240 TU/kg diet), adequate(4000 TU/kg diet), and excess(400.000 IU/kg diet).

The weight of spleen from the excess vitamin A-fish oil group showed the lowest value
of all the groups when spleen weight was expressed/100g body weight. The number of PFC
to SRBC was not affected by dietary fat type and vitamin A levels. Hemagglutination titers
were significantly lower in fish oil groups compared to corn oil groups and the values of
vitamin A deficient groups were lower than the ones of adequate and excess vitamin A groups.
IsM contents in serum were significantly lower in fish oil groups than in com il groups.
IgG contents were higher in fish oil groups than in corn oil groups and the highest level
was recorded in excess vitamin A-fish oil group, which showed the smallest spleen size. Light
microscopical examination showed that spleen tissues of fish oil groups were well developed
than those of the corn oil groups and vitamin A deficient and excessive groups showed poor
development than the adequate groups.

Therefore, it is suggested that adequate amounts of vitamin A consumption is necessary
for healthy individuals and fish oil intake along with excess vitamin A should be avoided
in order to maintain immune function properly.

KEY WORDS : Excess vitamin A * n-6, n-3 fatty acids * Humoral immunity * PFC - Hemagg-
Jlutination ftiter * IgM, IgG.

Introduction Vitamin A deficiency in animals leads to atrophy

of lymphoid organs*?. decrease in circulatory

Vitamin A either deficiency or excess have been lymphocytes® and mitogenic responses to various
shown to affect a number of immune functions!'™ mitogens®”), and depression in antibody produc-
3. Vitamin A deficiency has been reported to im- tion to various antigens®™!?. On the other hand,
pair the cellular and humoral immune responses. excess vitamin A has been shown to enhance im-

mune responses. High vitamin A intake was repo-
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Accepted November 9 rted to enhance immune functions suppressed by

— 468 —



Kim, Suh Hae » Lee, Lilha

burns in mice!”. High vitamin A treatment in
mice that were induced tumor resulted in inhibi-
tion of tumor development'?. Also high level of
vitamin A increased the hemagglutination respo-
nse to sheep red blood cell(SRBC) and enhanced
the production of plaque forming cell(PFC) in
rat and mice$'®. Conversely, several studies have
reported that excess vitamin A suppressed im-
mune functions. Some very high doses of vitamin
A caused depletion of spleen and thymus lym-
phocytes!®. Acute hypervitaminosis A did not al-
ter the titer of specific IgM antibodies in guinea
pigSIS)IG)_

Many studies have also reported the effect of
dietary fats on the immune function. High PUFA
diets were shown to depress the immune respon-
ses. Unsaturated fatty acids, in particular, n-6 fatty
acid caused atrophy of thymus and spleen!?’1®),
suppressed the immune responses such as mito-
genic responses of lymphocytes'®!%, delayed hy-
persensitivity'®1”, and antibody responses!”1®
), Dietary n-3 fatty acid, especially eicosapentae-
nic acid(EPA) of fish oil also has been known
to prevent or suppress the autoimmune disease
and cancer?V2?,

As described above, since vitamin A and dietary
fat seem to affect the immune function differently
by the intake levels, it seems to be important to
observe interactions between dietary fat and vita-
min A on immune function. Thus we examined
the effect of dietary n-3, n-6 fatty acids at different
levels of vitamin A on humoral immunity in rats.

Material and Methods

Animals and diets

Sixty-eight male rats of Sprague-Dawley strain
weighing 103+ 22g were divided into 6 groups
and fed experimental diets for 6 weeks, Experime-
ntal groups were consisted of vitamin A deficient

corn oil or fish oil group(DeA-CO, DeA-FO),
vitamin A adequate corn oil or fish oil group
(AdA-CO, AJA-FO) and vitamin A excess corn
oil or fish oil group(ExA-CO, ExA-FO), The ex-
perimental diets were based on AIN-76 rodent
diet with slight modifications?®. Vitamin A was
added to be 1240 IU/kg diet(31% of adequate
level), 4000 IU/kg diet(adequate level), and 400,
000 IU/kg diet(100 times of adequate level) for
the deficient, adequate, and excess diets, respecti-
vely. Corn oil and fish oil concentrate were used
as a source of n-6, n-3 fatty acid, respectively. The
fatty acid composition of two dietary fats was gi-
ven in Table 1. Diets of fish oil groups were con-
tained approximately an additional 0.005mg of
retinoic acid per day since 0.003mg of retinoic
acid/mililiter of fish oil concentrate was determi-
ned.

All rats were housed indiviually in metabolic
cage, and provided with food and water ad libi-
tum,

Immunological analysis

For measurement of antibody responses, rats
were immunized with 0.5ml of 10% SRBC intra-
peritoneally on five days before the termination
of the experiment. Blood samples were obtained
via cardiac puncture under ether anesthesia and

Table 1. Fany add composition of dietary oils**)

(%)

Com oil  Fish oil
linoleic acid 55.2 -
o-Linolenic acid 1.6 -
EPA - 25
DHA - 12
Sarurated farty acid 18.0 25.4
Monounsaturated fatty acid 25.5 28.3
Saturated fauy add 13.0 254
Monounsaturated fatty acid 25.5 28.3
Polyunsarurated fatty acid 56.8 37.0
P/S ratio 4.37 1.46
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used as a source of rat serum. The spleen was
removed, weighed and rinsed, and blotted cut into
halves by aseptic techniques. One half of the sp-
leen was used to assay the PFC and the other
half was transferred to 10% neutral buffered for-
malin(NBF) for histologic analysis.

The response of spleenic PFC to SRBC was
determined by Jerne-Nordin plaque assay?”., The
number of PFC per million nucleated spleen cells
was determined. Serum hemagglutination respon-
ses were determined by semi-quantitative techni-
que. The test expressed the agglutination of eryth-
rocytes by increasing dilution of anti-erythrocyte
sera®®. Serum IgM and IgG levels were determi-
ned by enzyme-linked immunoabsorption me-
thod of Voller et al?”. Anti-rat IgM or IgG and
alkaline-phosphatase conjugate were purchased
from Zymed 1ab(USA).

For light microscopic examination, the spleen
tissues from rats were fixed in 10% NBF, and
then paraffin sections were prepared, and stained
with hematoxylin-eosin®).

Statistical analysis

All data were initially subjected to a two way
analysis of variance and comparision were made
by using Tukey’s test and Duncan’s multiple ra-
nge test.

Results and Discussion

Spleen weight

As shown in Table 2, there were no significant
differences in spleen weight by dietary fat types
and vitamin A levels. However, the spleen weight
of vitamin A excess-fish oil group was the lowest
among all the dietary groups when it was expres-
sed per 100g body weight, which indicates interac-
tions between fish oil and excess vitamin A. These
results may suggest that vitamin A levels used
in this study and/or n-6, n-3 fatty acid alone does

Table 2. Weight of spleen?

Group Weight(g) Weight/100g B.W.
DeA—CO 1.01£ 0.11N8 0,36+ 0.03%
DeA—FO 1.08+ 0.06 0.42% 0.03%
AdA—-CO 1.14£ 0,13 0.38% 0.05%
AdA—FO 1.20% 0.14 0.47:+ 0.072
ExA—CO 1.15 0.15 0.42+ 0.06%
FxA—FO 0.84% 0.09 0.30% 0.08>
Sigmificant factor - AB
1) Meant S.E.

NS : Not significant by Tukey’s and Duncan’s mu-
ltiple range tests at p<(0.05.

Values with different superscripts within the same
column differ at p<{0.05 by Duncan’s muldple
range test.

AB  There are interactons between dietary fat type
and vitamin A levels at p<{0.05 by a two-way anal-
ysis of variance.

not affect spleen weight.

Considering the effect of vitamin A levels on
the weight of spleen, Krisnan et al”, Nauss et
al® reported that spleen were atrophied in rats
fed vitamin A deficient diet. But in the present
study no significant difference was found in vita-
min A deficiency. These discrepancies may be
resulted from the difference in the degree of vita-
min A feeding level. In other experiments vitamin
A free diets were used for vitamin A deficiency,
but in the present study it was prepared with vita-
min A at 31% of the recommended value. In the
meantime, very high dose of vitamin A was repor-
ted to cause depletion of spleen lymphocytes'¥.
Therefore, in the present study the lowest spleen
weight observed in the excess vitamin A-fish oil
group(ExA-FO) was resulted probably due to the
interaction between fish oil and excess vitamin
A

PFC assay

The number of PFC to SRBC showed no signi-
ficant differences among all dietary groups in the
present study(Table 3). Although it was not signi-
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Table 3. Plaque forming cell response!!
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Table 4. Hemagplutination titers

Group PFC/1X 105 spleen cells
DeA-CO 67.2% 14.03N8
DeA-FO 86.0+ 15.00
AdA-CO 109.2+ 14.21
AdA-FO 100.0+ 15.82
ExA-CO 96.81 15.84
ExA-FO 68.0f 5.50
1) Meant S.E.

NS 1 Not significant by Tukey’s and Duncan’s multiple
range tests at p<(0.05.

ficant, type of fat at different vitamin A levels
showed different aspects on PFC response. On
deficient vitamin A feeding, the PFC response
of the fish oil group tended to be higher than
that of the corn oil group. Conversely, on an ade-
quate or excess vitamin A feeding, the response
tended to be higher in the corn oil groups(AdA-
CO and ExA-CO) compared with the fish oil
groups(AdA-FO and ExA-CO). These results
may be explained by the fact that deficient or
excess vitamin A feeding lowers PFC response”
1029 Thus, the abnormal PFC response observed
in the fish oil groups of the present study, may
be related to vitamin A levels rather than the [at
types. And also, it is possible that interactions
between fish oil and excess vitamin A may influe-
nce on the PFC response, since the spleen weight
of the group was the lowest among all the groups.

Hemagglutination response

Hemagglutinin titers to SRBC were significan-
tly different among the dietary groups(Table 4).
It tended to be lower in the fish oil groups than
in the corn oil groups. In the corn oil groups,
hemagglutinin titers were increased as the level
of vitamin A increased. In the fish oil groups,
these were lower in both vitamin A deficiency
and excess compared with the adequate level. It
seemed that both, fish oil and vitamin A definitely
influence on the immune function.

Hemagglutination tter

Group — -
dilution factor geographic means(log)

DeA—CO  1/2—1/16D 2.6+ 0.3252)3)
DeA— FO  1/2—1/16 2.6 0.390
AJA—CO  1/8—1/32 3.8%0.25%
AdA—FO  1/4—1/16 8.5% 0.28%
ExA—CO  1/8—1/32 4.1+0.21%

ExA— FO  1/2—1/16 2.8+ 0.42b
Significant facror A, B

1) Values mean the range of the highest positive serial
dilution.

2) Hemagglutinaton tiers are expressed as geomemic
means(log) of the highest positive serial dilution.

3) Meant S.E.

Values with different superscripts within the same co-

lumn differ at p<{0.05 by Tukey’s and Duncan’s muldple

range tests.

A Significantly different among vit A levels ar p<0.05
by a two-way analysis of variance.

B ! Significantly different between dietary fat type at p<
0.05 by a two-way analysis of variance.

The effects of fish oil on immune function have
been already reported that fish oil extract supple-
mentation to healthy human depressed antibody
response to tetanus toxoid®”. Vitamin A also inf-
luences hemagglutination response. Krisnan et al
7 observed that serum antibody hemagglutinin
titers in vitamin A deficient rats were lower than
those of control rats. Jurin and Tannock!® also
reported that injection of vitamin A led to a large
increase in the production of hemagglutinin anti-
bodies. The present study also showed similar re-
sult only in corn oil groups. On the other hand.
it was also described that excess vitamin A did
not alter the immune responses. Production of
specific IgM antibodies to particular antigen in
guinea pigs was not altered after vitamin A had
been injected'®, Thus, decreased hemagglutinin
titers in excess vitamin A-fish oil group(ExA-FO)
in the present study seem to be related to the
interactions among vitamin A and fish oil, and
further related to the reduced spleen weight.
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Serum IgM, IgG content

The values of serum IgM and IgG are shown
in Table 5. Serum IgM contents of fish oil groups
were significantly lower than those of corn oil
groups and there were no significant differences
by the vitamin A levels. These results are similar
to many studies reported earlier. Virella et al®®
observed that reduced serum IgM contents in a
normal person who ingested a commercial fish
oil extract. Kelly et al?? also reported that circula-
ting retroviral antibodies were decreased in autoi-
mmune mice fed fish oil. Smith et al.!®’ reported
that IgM contents were not different between the
vitamin A deficient and vitamin A supplemented
mice. Therefore, it is clear that fish oil is capable
of lowering serum IgM contents regardless of vi-
tamin A levels.

On the other hand, serum IgG contents of fish
oil groups were influenced by both dietary vita-
min A levels and fat types. The levels were signifi-

Table 5. Serum IgM and IgG levels!

Group IeM (0.D) IgG (0.D.)
DeA—CO  0.682+ 0.050% 1.089+ 0.062°
DeA—FO  0.702% 0.064%° 0.990+ 0,048
AdA—-CO  0.700% 0.0512 1.118+ 0.084P
AJA—FO  0.605% 0.044P 1,124 0.082°
ExA—CO  0.855+0.0452 1.007+ 0.057°
ExA—FO  0.621% 0.044b 1.578% 0.109

Significant B A B, AB
Factor
1) Meanz 5.E.

Values with different superscripts within the same co-
lumn differ at p<{0.05 by Tukey’s and Duncan’s mul-
tiple range tests.

A : Significanty different among vitamin A levels at
p<0.05 by a two-way analysis of variance.

B . Significandy differnt berween dietary fat type at
p<0.05 by a two-way analysis of variance.

AB : There are interactions between vitamin A levels
and dietary fat type at p<0.05 by a two-way analysis
variance.

cantly higher for the fish oils compared with the
corn oils, and also, it tended to be higher as vita-
min A level increases in fish oil groups. In the
meantime, there was an interaction between vita-
min A levels and types ol fats, that the highest
IgG content was recorded in ExA-FO group.
These results were compatible to the studies repo-
rted earlier that IgG antibodies were increased
with fish fat diet? and vitamin A supplementa-
tion'®. But other studies revealed that fish oil
consumption rather reduce IgG contents in hu-
man and mice??3.

From these facts, it could be assumed that the
increased serum IgG contents are induced by fish
oil with excess vitamin A in this study. This result
could be supported by the reports that vitamin
A stimulates the antibody response, and EPA of
fish oil reduces an immunosuppressive effect by

arachidonic acid metabolites® 131,

Histological changes

Histological changes of spleen tissues are
shown in Fig. 1. In vitamin A deficiency, poorly
developed germinal centers were obscrved in both
corn 0il(DeA-CO) and f[ish oil group(DeA-FO)
(Fig. 1-A, a). On vitamin A adequate feeding,
corn oil group showed poorly developed germinal
centers while fish oil group showed well develo-
ped white pulp and germinal centers(Fig. 1-B,
b). On vitamin A excess feeding, corn oil group
showed poorly developed white pulp(Fig. 1-C)
while fish oil group showed decreased germinal
centers, depletion of lymphocytes, and lymphoc-
yte infiltration in red pulp(Fig. 1-c). Histologic
changes by vitamin A deficiency werc examined
by Walbach and Howc!, and Krisnan et al.”
They observed atrophic changes and lymphocyte
depletion in spleen of vitamin A deficient rat,
which were similar to the present study.

Thus, it could be assumed that type of dietary
fat affects the development of spleen tissues in
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micrographs of rat spleen after feeding various
1A. DeA-CO ; Poorly developed white pulps(WP) are observed. RP I red pulp
1B. AdA-CO ; Gemminal centers(GC) are rarclv observed int the white pulps.
1C. ExA-CO ; The histological structures in this group are sirnilar t those of the vitarnin A deficent

group.

la. DeA-FO ; Poorly developed white pulps are observed.

Ib. AdA-FO ; Well developed white pulps and germinal centers are observed.

lc. ExA-FO ; White pulps and germinal centers are rarelv observed, but in existing cases, almost
all of the white pulps have germinal centers.

different aspects at different vitamin A levcls. ssed antibody responses and spleen development

In summary, antibody responses of the fish oil compared with an adequate vitamin A ingestion.
tended to be lower than those of the corn oil. Interactions were observed between fish oil and
Both the vitamin A deficiency and excess suppre- cxcess level of vitamin A.
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