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Effect of Alanine Supplementation on Vaccine Immunized Mice
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Abstract: This study was conducted to test the immunostimulatory effect of graded dose of alanine
supplementation on inactivated vaccine immunized mice. Animals were randomly divided into five groups: mice
were immunized with inactivated vaccines, mice were treated with dietary 0.5% alanine supplementation and
immunized with inactivated vaccines, mice were treated with dietary 1.0% alanine supplementation and
mmmunized with mactivated vaccines, mice were treated with dietary 2.0% alamine supplementation and
immunized with inactivated vaccines and all the mice immunized with PBS. Results found that alanine
supplementation has little significant effect on serum antibody production, serum interleukin-1 beta and 8 levels
and swrvival rate of mice after challenge. However, higher dose of alanine supplementation increased serum
GSH-PX activity compared to the lower dose of alanine supplementation. Collectively, dietary alanine
supplementation has little effect on the immune parameters in vaccine immunized mice indicating alanine can
be used as isonitrogenous control to study the immune regulatory function of other amine acids.
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INTRODUCTION

Classically, amino acids are thought as the building
blocks for the synthesis of proteins, as well as the
precursors for the biosynthesis of various compounds
with numerous physiological fimctions (Wu et al,
2013a, b). For example, compounds like glutathione,
creatine and heme of hemoglobin are synthesized from
amino acids in different metabolic pathways 1 the body.
However, recent finding have indicated that amino acid
also plays various crucial roles like a substrate for various
metabolic pathways (Bertolo ef al., 2003, Van Meijl et al.,
2010) an energy source for intestinal mucosa
(Watford, 2008) a mediator for cell signaling, a regulator
for oxidative reasctions (Reeds et al., 1997, Wu et al.,
2004) as well as immune responses (Ren et al., 2013a).
Interestingly, recent study found that some amino acids,
like arginine, glutamine and proline, confers various
beneficial function in bacterial or virus nfected mice or
plgs and these benefits include the alleviation of tissue
damage, promotion of immune response and antioxidative
capacity and even growth and reproductive performance
(Ren et al., 2013b-e, 20124, ¢).

These exciting findings extend the function of ammo
acids from traditional nutrition to immune field. These
compelling discoveries also promote further study to
characterize the immune regulatory function of other
amino acids in normal or morbid situation. However, a
critic missing question needed to address 1s whether
alanine can be used as isomitrogenous control to study

the immmune regulatory function of other amino acids.
Most of study, alamne was chosen as control for other
amino acids research such as arginine, glutamine and
proline (Ren et al., 2012a, 2013f, Wu et al., 2013b).

However, previous study indicated that alanine 1s not
absolutely nert for immune response in body. For
example, cell culture medum supplementation with
2 mM-alanine augmented antibody production in
B-lymphocyte hybridoma (Duval ef al., 1991, Franek and
Sramkova, 1996). At present, little information 1s available
regarding an effect of dietary supplementation with
alanine on the immune response in any ammal species.
Thus, this study investigate the immune regulatory role of
alanine m vaccine immunized mice with graded dose of
alamne supplementation.

MATERIALS AND METHODS

Inactivated Pasteurella multocida (P. multocida)
vaccine: The inactivated Pasteurella multocida
(£. multocida) vaccine was kindly provided by Mr. Ren
{(Chinese Academy of Sciences, China). This vaccine was
made from P. multocida serotype A strains at dose of
10’ CFUmL™". This was isolated from clinically mfected
cattle.

Experimental design: The experiment was conducted as
described previously (Ren et al., 2013e, f) with some
modifications. In brief, 100 female KM mice (body weight
18~22 g) were obtained from Laboratory Animal Center of
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Central South University (Hunan, China). The mice
were housed in a pathogen-free mouse colony
(temperature, 20-30°C; relative humidity, 45-60%; lighting
cycle, 12 h day™) and had free access to food and
drinking water. Amimals were randomly divided mnto five
groups (n = 20 per group): all mice were immumzed with
inactivated vaccines at dose of 10° CFUJ at day 15 and 20
(1 group), all mice were treated with dietary 0.5% alanine
(Ajinomoto Tnec., Tokyo, Japan) supplementation (0.5%
alamne+basal diet) from day O and immumzed with
inactivated vaccines at dose of 10° CFU at day 15 and 20
(2 group), all mice were treated with dietary 1.0% alamne
(Ajinomoto Tnec., Tokyo, Japan) supplementation (1.0%
alamne+basal diet) from day O and immumzed with
inactivated vaccines at dose of 10° CFUJ at day 15 and 20
(3 group), all mice were treated with dietary 2.0% alamne
(Ajinomoto Inc., Tokyo, Japan) supplementation (2.0%
alamne+basal diet) from day O and immumzed with
inactivated vaccines at dose of 10° CFU at day 15 and 20
(4 group), all the mice immunized with PBS at same volume
at day 15 and 20 (5 group). At day 34, all of the
mice were challenged by an intraperitioneal mnjection
of P. muitocida serctype A (CQ2) at dose of 4.4x10° CFU
(ZLD50).

Ten mice in each group were used to calculate
survival rate and the others were killed to collect the
serum at 36 h post infection for cytokine levels,
Glutathione Peroxidase (GSH-PX) levels and antibody
titers detection. Meanwhile, the serum antibody titers in
all groups also were detected at day 34 before challenge.
This study was performed according to the guidelines of
the Laboratory Animal Ethical Commission of the Central
South University.

Analysis of serum cytokine levels: Interleukin-1 beta
(TL-1 p) and interleukin-8 (T1.-8) in serum were measured
using ELISA kits in accordance with the manufacturer’s
instructions (CUSABIO BIOTECH Co., Ltd China)
(Ren et al, 2013c).

Serum GSH-PX: Serum Glutathione Peroxidase (GSH-PX)
was measured using spectrophotometric  kits in
accordance with the manufacturer’s instructions (Nanjing
Tiancheng Biotechnology Institute, China) (Ren et al.,
2012a).

Antibody detection by FELISA: Enzyme-Linked
Immunosorbent Assays (ELISA) were used for the
detection of antibodies (Ren et al., 2013e, ). Prior to
detection, the antigens were prepared to coat to a 96 well
plate.

Then, primary antisera were diluted 1:40 in PBS
containing 0.5% Tween-20 and 1% Bovine Serum
Albumm (BSA). Following five washings, horseradish
peroxidase-conjugated goat anti-mouse IgG (Jackson

ImmunoResearch, USA) diluted 1:10000 in PBS-T
containing 1% BSA was added to each well and the plates
were incubated at 37°C for 3 h. After the final wash, an
aliquot (100 uL) of the TMB substrate was added and
incubated for 15 min in the dark at 37°C. The reaction was
stopped with 50 pL of the termmating solution and
absorbance measured at 450 nm.

Statistical amalysis: All statistical analyses were
performed using SPSS 17.0 Software. Data are expressed
as meant+Standard Error of the Mean (SEM). Multiple
comparisons were performed using One-way ANOVA.
Differences were considered significant at p<t0.05.

RESULTS AND DISCUSSION

Serum antibody level: Like previous study (Ren ef al.,
2013e, ), the mactivated vaccine triggers significant
antibody production, compared those with no vaccine
immunization (Fig. 1a). However, graded dose of alanine
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Fig. 1: Serum antibody titers against P. multocida
serotype A in different groups (OD450). a) before
and b) after challenge. Mice were immumnized with
mnactivated vaccines as 1 group, mice were
immunized with mactivated vaccines and dietary
0.5% alanine supplementation as 2 group, mice
were immunized with inactivated vaccines and
dietary 1.0% alanine supplementation as 3 group;
mice were immunized with inactivated vaccines and
dietary 2.0% alanine supplementation as 4 group;
mice mmmunmzed with PBS as 5 group. Data are
mean+SEM, n = 6. *"Mean values sharing different
superscripts within columns differ (p<<0.05)
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supplementation has little effect on the antibody
production, compared those vaccine immunized mice with
no alamne supplementation (Fig. la). Sunilarly, no
obvious difference was found after challenge among
different dose of alanine supplementation groups
(Fig. 1b). This observation is difference from previous
reports that argimine or supplementation
significantly increases the antibody production before
and after P. multocida challenge (Ren et al.,, 2013e, f). The
reagsonable difference may associate with the metabolic

proline

difference between alamne and arginine or proline in the
body (Wu, 2009). This finding also differed from previous
in vitro indicated that supplementation with 2 mM-alanine
augmented antibody production in  B-lymphocyte
hybridoma (Duval ef al., 1991; Franek and Sramkova,
1996). The primarily explanation for this difference may
relate to the experimental model in two studies.

Survival rates: Similar to the result of antibody titers,
vaccine immunization confers well protection against
P. multocida challenge, compared to the group without
vaccination (Fig. 2). Meanwhile, there is no significant
difference was observed among different dose of alamne
supplementation about survival rates after challenge
(Fig. 2). As little information is available regarding an
effect of alanine supplementation on the growth
performance and mortality in any animal species thus, the
discovery 1s difficult to compere with other study.
However, it still could not rule out the function of alanine
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Fig. 2: Survavel rate m different groups after challenge.
Mice were immunized with inactivated vaccines as
1 group; mice were immunized with inactivated
vaccines and dietary 0.5% alanine supplem entation
as 2 group; mice were immunized with inactivated
vaccines and dietary 1.0% alamine supplementation
as 3 group; mice were immunized with inactivated
vaccines and dietary 2.0% alanine supplem entation
as 4 group; mice immunized with PBS as 5 group.
Data are mean+SEM, n=6

supplementation in such situation because the vaccine is
enough to provide well protection. Thus, it is interesting
to study the impacts of alamine supplementation on other
immunosuppressed animal model.

Cytokine profile and GSH-PX: Mouse serum 11.-1 ( and
IL.-8 levels were measured at 36 h after mfection. Pervious
study indicated that serum I[L-1 B and IL-8 levels
significantly increase in mice after challenged with
P. multocida serotype A while the high antibody titers
protects the mice from high levels of pro-inflammatory
cytokines (Praveena et al., 2010, Ren et af., 2012b). In this
study, researchers found that there is no remarkable
difference about serum TL-1 B level among different
treatments (Fig. 3) while mice immumzed with vaccine
have lower serum IL-8 level compared those without
vaccination (Fig. 4). Current finding is similar to previous
study suggested that high level of antibody lows serum
IL-8 expression inmice after challenged with P. muliocida
serotype A (Ren et al., 2013e, ).

GSH-PX is an important peroxidase enzymes widely
spread in the body which can remove harmful peroxides
metabolites from the cells and block the lipid peroxidation
chain reaction (Yin et al., 2013). Results found that lngher
dose of alanine supplementation increased serum
GSH-PX activity compared to the lower dose of alanine
supplementation (Fig. 5). It 1s easy to understand argimne
or glutamine supplementation to increase serum
GSH-PX activity (Ren et al., 2013c, 201 2a) however it is
difficult to illustrate the underling mechanism about the
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Fig. 3: Serum interleukin-1 beta in different groups. Mice
were immumnized with inactivated vaccines as 1
group; mice were immunized with inactivated
vaccines and dietary 0.5% alanine supplementation
as 2 group;, mice were immunized with inactivated
vaccines and dietary 1.0% alamine supplementation
as 3 group; mice were immunized with inactivated
vaccines and dietary 2.0% alanine supplementation
as 4 group; mice immumized with PBS as 5 group.
Data are mean+SEM, n=6
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Fig. 4: Serum mterleukin-8 in different groups. Mice were
immunized with inactivated vaccines as 1 group;
mice were immunized with mactivated vaccines and
dietary 0.5% alanmine supplementation as 2 group;
mice were immunized with inactivated vaccines and
dietary 1.0% alanine supplementation as 3 group;
mice were immumzed with inactivated vaccines
and dietary 2.0% alamine supplementation as 4
group; mice immunized with PBS as 5 group. Data
are meantSEM, n = 6. *"Mean values sharing
different differ
(p<0.05)
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Fig. 5: Serum GSH-PX in different groups. Mice were
mnmunized with mactivated vaccines as 1 group;
mice were inmunized with inactivated vaccines and
dietary 0.5% alanine supplementation as 2 group;
mice were immunized with inactivated vaccines and
dietary 1.0% alanmine supplementation as 3 group;
mice were inmunized with inactivated vaccines and
dietary 2.0% alanine supplementation as 4 group;
mice immunized with PBS as 5 group. Data are
meant+SEM, n = 6, **Mean values sharing different
superscripts within columns differ (p<0.05)

regulatory role of alanine supplementation on the body
because the experiment about the function of alanine
supplementation on bedy 1s needed.

CONCLUSION
This  study  found  that  dietary  alanine
supplementation has little effect on the immune

parameters in vaceine immunized mice indicating alamne
can be used as isonitrogenous control to study the
immune regulatory function of other amino acids.
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