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Effects of Salmonella typhymurium Lipopolysaccharide Challenge on the
Performance, Imnmune Responses and Zinc Metabolism of Laying Hens
Supplemented with Two Zin¢ Sources*

Tingshui Cheng and Yaming Guo**
College of Animal Science and Technology. China Agricultural University. No. 2. Yuanmingyuan West Road
Beijing 100094, P. R. China

ABSTRACT : The study was conducted to determine the effect of Satmonella tphmurium lipopolysaccharide (LPS) challenge on
egg-laving performance, inflammatory response, zme metabolism m layver fed diets supplemented with organic or inorganic zine since 3-
wk-old. The three dietary treatments were com-sovbean meal basal diet without supplemental zine or with supplemental zine at 60
mg/kg zine from ZnSO, or zine amino acid complex (ZnAA). At the age of 58 wk-old, twelve hens from each dietary treatment were
allotted into two sub-groups. On dav 1, 3, 5, 7 of the 58" week of age, six birds of one sub-group were injected intraperitoneally (ip.)
with 2 m1 LPS (1.0 pg/ml) or sterile saline. Neither zinc sowrce x inumune challenge interaction nor zinc source effect on egg production
performance was observed (p>0.05), LPS-challenge decreased egg production (p<0.04) and increased percentage of cracked eggs (p
<0.01). With LPS challenged, the fever response of hens fed ZnAA peaked and subsided earlier than in hens ted ZnSO, or basal diet.
Serum IL-1pB at 3 h was higher (p<0.01), but lower (p<0.001) at 12 h post-challenge with LPS in hens fed ZnAA than ZnSQO,. In saline-
treated groups, seruun IL-1B was higher in hens fed ZnAA than the basal diet at 3 h post-injection (p<{.01). LPS-challenged birds had
lower serum zinc and higher zinc sequestered in liver and spleen (p=0.001). In saline-treated birds, there was no difference in zinc
conecentration of serum. liver and spleen among different dietary treatments (p=>0.03). Supplementation of 60 mg/kg zine from either
ZnAA or ZnSO;significantly (p<0.03) elevated metallothionein (MT) concentration in liver and spleen. MT concentration in liver of
birds fed ZnAA diet was higher than in those fed ZnSO, diet (p<0.03). The magnitude of increase of hepatic and splenic MT due to LPS
challenge was higher bv supplementation of ZnAA than ZnSO,. The results suggest that zine amino acid complex enhanceed MT
svnthesis and zine sequestered in liver and spleen and increased the sensitivity to immune response due to LPS challenge. (4sian-Aust.
JoAnim Sci. 2004. Vol 17, No. 12 : 1717-1724)
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INTRODUCTION

In the early 1960s, zinc was first identified as an
essential element. and then as an integral part of more than
300 enzvme systems that are involved in major metabolic
pathways. Its extreme important role in normal
development. maintenance and function of immune systems
is now widely accepted (Fraker et al.. 1986; Dardenne and
Bach, 1993). Zinc deficiency is manifested by lvmphoid
atrophy. lymphopenia and alterations in the proportions and
functional activities of the various subsets of lvmphocytes
and mononuclear phagocytes. On the other hand. zinc
repletion may correct the majority of observed change in

immune function due to Zn deficiency (Wellinghausen et al..

1997).

Organic complexes of zinc have been proposed to be a
more available source of zinc in chicks (Wedekinde et al.,
1992). and may be metabolized differently compared with
inorganic forms (Spears. 1989: Kidd et al.. 1996). Potential
benefits of organic zinc complexes on the immune function
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of poultry have also been proposed (Ferket and Qureshi,
1992. Kidd et al., 1994ab. 2000). However. the exact
mechanism of organic zinc affecting on immunity differing
from inorganic forms has not been clarified yet.

Zinc concentration in serum or plasma have been
demonstrated to be decreased following an experimental
infection (Klasing. 1984: Tufft et al.. 1988: Hill. 1989) or
intravenous injection with endotoxin (Butler and Curtis,
1973) in poultry. and the zinc lost from the blood as a result
of infection is sequestered in the liver and possibly other
organs. Changes of zinc dynamic in lymphatic organ, and
liver as well were also observed during both humoral and
cellular type of immune reaction in mice (Verbanac et al..
1998). Singh and Singha (2002) also reported that
glucocorticoid-induced stress caused a redistribution of zinc
in body. It is well known that metallothionein (MT) can be
induced tissue specifically by dietary zinc (Blalock et al..
1988 Fleet et al.. 1988). and be able to regulate the plasma
Zn concentration and redistribution of zinc to other organs
(Cousins and Hempe. 1990). MT concentration and MT
mRNA abundance were shown different in tissues of
animals fed organic zinc from inorganic zinc sources (Cao
et al.. 2000.2002.2003). There is still no research reported
so far on the MT induction by organic zinc and subsequent


mailto:guoym@public.bta.net.cn

1718

Table 1. Composition and nutrients level of basal diets
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Ingredients (%) 3-8 wk 9-18 wk 19-45 wk 46-65 wk
Com 67.130 68.400 62.680 62.490
Sovbean meal 29430 200,480 27.000 26.000
Wheat bran - 8.000 - -
Dicalcium phosphate 1.630 1.290 1400 1.200
Limestone 1.030 1.070 8.190 9.330
NaCl 0.350 0.350 0.300 0.350
Methionine 0011 0.010 0.110 0.090
Choline (50%) 0.120 0.070 0.050 0.050
Multivitamin premix’ 0.020 0.020 0.020 0.020
Chloroteracyveline (15%) 0.010 0.060 - -
Trace mineral premix® 0.230 0.250 0.250 0.250
Nutrients level
Metabolizable energy (MIke) 12.20 12.04 11.31 11.38
Crude protein (%) 18.02 15.50 16.50 16.00
Methionine (%5) 0.30 0.26 045 0.35
Lysime (%) 0.8} 0.70 0.80 0.80
Caleium (%) 0.90 (.80 350 380
Available phosphorus (%) 0.40 0.35 0.30 0.30
Zinc (mg/kg)* 35.00 31.00 29.00 31.00

'Supplied per kilogram of diet: vitamin A: 10.800 IU. vitamin D;: 2,160 IU. vitamin E: 135 IU, vitamin K;: 1.0 mg. vitamin B,: 4 mg, riboflavin: 5 mg.
vitamin Bg: 8 mg, vitamin B;~: 0.08 mg. pantothenic acid: 10 mg. niacin: 23 mg. folic acid: 0.4 mg. biotin: 0.13 mg.

: Supplied per kilogram of diet: manganese: 60 mg. copper: 10 mg, iron: 60 mg, selenium: 0.15 mg. iodine: 0.35 mg.

* Zine concentrations in basal diet were analyzed by atomic absorption spectrophotometry.,

redistribution of zinc in various tissues during endotoxin-
induced immune stress.

The main objective of the presemt work was to
investigate the laving performance and immune responses,
and distributions of zinc and MT in both lymphoid and non-
Ivmphoid organs of laving hens during imumune stress
induced by Safmonella tvphvmurium LPS challenge.

MATERIALS AND METHODS

Animals and experimental design

The experimental Hyvline brown hens were fed with
three different diets respectively from 3 wk old. The dietary
treatments were as follows: A) basal diet (contain 29-33
mgkg zinc by analysis) without additional zinc
supplementation: B) basal diet supplemented with 60 mg/kg
zinc from ZnSO,. C) basal diet supplemented with 60
mg/kg zine from Availa-Zn (provided by Zinpro Co., USA).
The corn-soybean meal basal diet was formulated to meet
National Research Council (1994) recommendation for
brown-shell laying hens except zinc (Table 1). When the
hens were at the age of 58 wk-old. twelve hens were
randomly selected from each dietary treatment (72 hens of
each dietary treatment) and allotted into two sub-group and
then raised in individual cages. six birds of one sub-group
were injected i.p. with 2 ml Salmonella tphyvimurium LPS
(Sigma Chemical. MO, USA) or an equivalent amount of
sterile saline. The LPS was reconstituted in saline (9 g/100
ml) at 1.0 pg/ml and sterilized by passing through a 0.45
um filter. On the 1% 3 5™ and 7% day of the experiment.

hens were injected with LPS consecutively. The same dose
of saline was injected as control for the other half of hens.

Data collection and analytical determination

After the first injection of LPS or saline. rectal body
temperature  was measured using a  4.600 precision
thermometer at 0. 1. 3. 6. 12. 24 h post-challenge. On the 5
day. 2 ml blood sample were collected at 3 h and 12 h after
LPS or saline adninistration by wing-vein puncture. Serum
concentrations of IL-1p3 were determined using ELISA
method (ELISA kit offered by TPI Inc. Washington. USA).
and serum zinc concentration was analyzed by atomic
absorption spectrophotometry (3510. Agilent Technologies).

At 3 h post-injection with LP$ or saline on the 7% d. all
birds were killed by cervical dislocation. The livers and
spleens of hens were then excised and frozen in liquid
nitrogen for subsequent Zn and MT analysis. To determine
tissue zinc concentration, 300 mg tissue samples were wet-
ashed in concentrated nitric acid in calibrated centrifuge
tube and placed in a 50°C water bath for 12 h. Subsequently.
the samples were diluted to 25 ml with distilled water. and
zinc concentration were amalyzed by flame atomic
absorption spectrophotometry (3510, Agilent Technologies).
Tissue MT was measured by the modified Cd hemoglobin
affinity assay of Eaton and Toal (1982). The concentration
of Cd was measured with a graphite furnace atomic
absorption spectrophotometer (3511G Agilent
Technologies), and the MT concentration was converted to
nmol/g fresh tissue by using the Cd binding stoichiometry
of 6:1. The formula was shown here as:
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Table 2. Laving performance of hens administrated with LPS or saline on 1%, 39, 5% 7%d at age of 58 wk'
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. Percentage of egg laving (%)
Dietary treatments < gg laving (%)

Average egg weight (2)

~ d
Percentage of cracked egg (%)

LPS Salme LPS Saline LPS Saline
Basal diet 77373 77.60 62.20 62.37 3.07 2.63
Zn30, 76.77°° 78.17 62.80 62.30 3.37 2.00
ZnAA 75.63" 77.27 62.53 62.47 4.10 2.40
SEM 041 0.3l 0.12 0.12 0.31 0.16
Main effects P value
Zine source’ 0.133 0.827 0.217
Immunogen’ 0.037 0.237 0.007
Zinc sourcex immunogen (1.832 0.356 0.704

! Mean value within colunmns with no common superscripts differs significantly (p=0.05).
*The data were arcsin-transformed before ANOVA
# Zine source ffect refers to supplementation of ZnA A or ZnS0, at level of 60 mgike,

*Immunogen effect refers to LPS challenge or saline injection. Birds were intraperitoneally injected with LPS at 2 pgbird or equivalent amount of sterile

saline.

Table 3. The rectal temperature of hens after the first administered with LPS or saline’

Dietary Immune

Rectal temperature (°C) at time post LPS or saline admimstration

treatments  challenge (h 1h 3h 6h 121 241 SEM
Basal LPS 31335, ETNpL 5T TP, 4210%, 41.80%, 0.07
Saline 4123 41.10° 41.27% 41.25° 4117 41.27° 0.04
7480, LPS 40,86, ER| .5(_5*1";;\51 42,0(;):{_41 42134 41'7-7hi{*” 41-071:.&-_-, 0.13
Salme 41.33 41.10° 41.30% 41.27° 41.30° 41.13 0.03
ZAA LPS 4133, 41 .76?”3} 42,27:;3, 4207, 4137, 41.23%, 0.10
Saline 41.33 41.27° 41.43% 41.253° 41.30% 41.07° 0.05
SEM 0.08 0.08 0.10 0.10 0.07 0.07
Parameter” P value
Zine source® 0.234
Immunogen’ <0.001
Time post-injection” <0.001
Zine sourcex mumunogen 0.534
Zinc sourcextime post-injection 0.224
[mmunogenx time post-injection <(.001
Zine sourceximmunogenxtime post-mjection 0.396

! Mean values within columns with no common superscripts (a. b. . d) mean the significant (p=0.03) difference of the rectal temperatures at the same
time post LPS or saline administration of hen between dietary groups; and mean values within rows with no common subscripts (A, B, C. D) mean the
significant (p=10.05) difference of the rectal temperatures of hen in the same dietary group at ditferent time post LPS or saline administration.

* The date were analyzed by three-way ANOVA, the main effects include zince source, immunogen and time post-injection and their interaction.

* Zine source effect refers to supplementation of ZnA A or ZnS0,at level of 60 mgike,

* Imnunogen effect refers to LPS challenge or saline ijection. Birds were intraperitoneally injected with LPS at 2 pgibird or equivalent amount of sterile

saline,

* Time post-injection refers to 0, 1. 3.6, 12, 24 h post-injected with LPS or saline.

MT (nmol/g) = Cd (ng/g)/112.4/6x1.000

During the 7 d of LPS administration. the egg
production. egg weight. and cracked egg were recorded.

Statistical analyses

Data (excluding basal) were analyzed by two-way
ANOVA with the GLM procedure of SPSS 10.0 and the
main effects of Zn source. immunogen as main effects. and
their interactions were analyzed. For an exception. the rectal
temperatures were analvzed by three-way ANOVA with the
GLM procedure of SPSS 10.0. Individual hen was used as
experimental unit for all parameters. The data from all diets
including basal were also subjected to one-way ANOVA

and the differences between means were determined by the
method of LSD using SPSS 10.0 software. The main effect
or the difference between means was considered significant
when p<0.03.

RESULTS

Egg production performance

The effects of dietary zinc sources and immune
challenge on egg production. egg weight. and percentage of
cracked egg were shown in Table 2. There was neither zinc
source nor zine sourceximmune challenge interaction effect
on egg production. egg weight. and percentage of cracked
eggs (p>0.05). However. consecutive LPS challenge
decreased egg production (p<0.05) and increased
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—e— 7nSO, —B— 7ZnAA —A— Basal Table 4. Serum IL-1p concentration (pg/100 ul) of hens after the
13 5™ d administered with LPS or saline’
o : 3 h post injection 12 h post mjection
2 Dietary treatments e —
T 42 ® ety tedlments LPS Saline LPS Saline
g T eeee—— " o0 ; M q -
= Basal diet 70.23° 4027 81.60 39.43
5 41 ——q  7Zns0, 72.60°  4333° 6403 4187
E) ZnAA 81.07* 4383 50.83° 40.83
40 1 1 1 L ! L 1 1 SEM 1.77 0.73 4.49 0.52
0 3 6 9 12 15 18 21 24 Main effects P value
: o Zine source’ 0.003 <0.001
T st ot I )
ime post myection (h) Immunogen <0.001 <0.001
Zinc 0.008 <0.001

Figure 1. Rectal temperature of hens fed ditterent dietarv zinc
after challenged with LPS.

percentage of cracked eggs (p<0.01). There were no
differences in egg production performance of saline-
administrated birds fed basal diet and supplemented with
either ZnSO, or ZnAA. When challenged with LPS. hens
received ZnAA had a decreased egg production compared
to that fed with basal diet (p<0.03). but no significant
difference was shown between birds fed basal diet with or
without ZnSO; supplementation.

Rectal temperature

Body temperature was significantly (p<0.001) affected
by immunogen. time post-injection and the interaction
between immunogen and time (Table 3). Hens fed either
ZnSO;or ZnAA demonstrated an increase in internal body
temperature after LPS injection. however the temperatire
profiles was different in hens fed different source of zinc
(Figure 1). When challenged with LPS. the fever response

of hens given ZnAA was peaked earlier as 3 h post-injection.

whereas in hens fed ZnSO,and basal, the highest fever was
occurred later at 6 h and 12 h after LPS administration
respectively. In addition, the fever of birds fed ZnAA
subsidized faster than those fed the basal diet with or
without ZnSO,.

Serum IL-1B concentration
The effects of dietary zinc source and immune challenge

Table 5. Zinc concentration of serum, liver and spleen of hens at 3 h after the 7" d administration with saline or LPS challenge

sourcexim munogen

' Mean values within columns with no common superscripts difter
significantly (p=0.05).

“Immunogen eftect reters to LPS challenge or saline injection. Birds were
intraperitonzally injected with LPS at 2 pg/bird or equivalent amount of
sterile saline.

?Zine source effect refers to supplementation of ZnAA or ZnSQOyat level
of 60 mgkg.

on serum IL-13 concentration of hens are shown in Table 4.
Compared to hens fed basal diet, hens supplemented with
ZnAA was shown a higher serum IL-1f3 concentration at 3 h
post either LPS or saline administration (p<0.05). Whereas
the concentration of serum IL-1pin hens fed either ZnAA or
ZnSO4 was lower than that of hens fed basal diet at 12 h
post challenged with LPS (p<0.03). Among LPS-challenged
birds, serum IL-13 was higher in hens fed ZnAA diet than
hens fed ZnSO, diet at 3 h post challenge (p<0.01).
However. birds fed ZnAA had the lower serum IL-1f
concentration than those fed ZnSQ, at 12 h post-challenge
with LPS (p<0.001).

Tissue zince concentration

As shown in Table 3, although there were no differences
in zin¢ concentration of serum. liver and spleen of saline-
treated birds among different dietary treatments (p=>0.035).
the concentration of zinc in liver and spleen was higher in
LPS challenged birds fed ZnA A than fed basal diet (p<0.05).
LPS challenged birds had decreased serum zinc and
increased Zn accumulation in liver and spleen compared to
]

. N 1 1T /
Dietary treatments Serum zin¢ (ug/ml)

Hepatic zine (mg/kg) Splenic zine (mg/kg)

LPS Saline LPS Saline LPS Saline

Basal diet 1.19 1.70 40.87° 3047 16.27° 1547
ZnS0, 1.02 1.75 44,13 32.00 1743 15.23
ZnAA 1.03 1.78 43.47° 31.97 18.57° 15.17
SEM 0.04 0.02 1.25 0.86 0.48 0.33
Man eftfects P value

Zine source” 0.670 0.081 0.088
Immunogen’ <0.001 <0.001 0.001

Zine sourcexmumunogen 0.818 0.077 0.073

"Mean values within columns with no common superseripts differ significantly (p=0.03).
*Zine source effect refers to supplementation of ZnAA or ZnS0, at level of 60 mgikg.
: Immunogen ettect refers to LPS challenge or salime imjection. Birds were intraperitoneally injected with LPS at 2 pgbird or equivalent amount of sterile

saline.
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Table 6. MT concentrations in liver and spleen of hens at 3 h after
the 7" d administration with saline or LPS challenge'

Hepatic MT Splenic MT
Dietarv treatments (nmol/g) (nmol/g)
LPS  Saline LPS Saline
Basal diet 52.80° 3361° 17.19° 14.01°
ZnsS0, 8332 4810%  26.03" 17.82°
ZnAA 140.65° 36107 38.66°  18.38°
SEM 12.95 2.17 318 2.09
Main etfects P value
Zmne source' <0.001 <0.001
Immunogen’ <0001 <0.001
ZIn¢ SoUrceximmunogen <0.001 0.001

" Mean values within columns with no common superscripts differ
significantly (p=0.03).

*Zinc source effect refers to supplementation of ZnAA or ZnSO,at level
of 60 mgkg.

*Immumogen effect refers to LPS challenge or saline injection. Birds were
intraperitoneally injected with LPS at 2 pgbird or equivalent amount of
sterile saline.

saline-treated hens (p<0.001). The concentration of zin¢ in
liver and spleen tended to be higher in LPS challenged birds
fed ZnAA than fed ZnSO, (p<0.09).

Tissue metallothionein

As shown in Table 6. the MT concentration in both liver
and spleen were affected by zinc source. immune challenge
and their interaction as well (p<0.001). In both LPS and
saline-administrated birds. supplementation of ZnAA or
ZnS0;significantly (p<0.03) elevated MT concentration in
liver and spleen compared to basal diet. In saline-treated
birds. although there was no difference in MT concentration
in splenic tissue fed ZnAA or ZnSO,. MT concentration in
liver of birds fed ZnAA was higher than those fed ZnSQ,
(p<0.053). the MT concentration was increased 158% and

133% by supplementation of ZnAA and ZnSO, respectively.

When challenged with LPS. birds fed ZnAA diet have a
higher concentration of MT in both liver and spleen than
those fed ZnSO; (p<0.03) Supplementation of ZnAA
increased MT concentration by 266% and 225% in liver and
spleen respectively. whereas supplementation of ZnSQ,
increased MT concentration only by 138% and 131% in
liver and spleen respectively.

DISCUSSION

Lipopolysaccharide (LPS) isolated from the cell wall of
gram-negative bacteria is often used to induce acute phase
response and the subsequent systemic inflammation. The
present work showed that a Salmonella tvphimurium LPS
challenge reduced eggs production and increased
percentage of cracked egg. which was in agreement with
previous research reports. Klasing and Austic (1984)
reported that activation of the immune response led to
depressed growth in chicks. In a turkey studv. B. avium
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infection decreased the body weight at age of 21 day (Kidd
et al.. 2000). Klasing and Austic (1984) also reported that a
live Esherichia coli challenge caused a decrease in skeletal
muscle protein synthesis and an increase in the rate of
protein degradation. It was suggested that immunologic
stress occur from infectious challenges that activate the
immune system was accompanied with metabolic changes
(Klasing et al., 1987). Therefore, when hens were imposed
with immunological challenged (such as LPS). more
nutrients may be mobilized to maintain the normal function
of immunity and then less available for egg production.
which might result in a poor laying performance of hens. [n
the present work, birds fed ZnAA diet had a decreased egg
production when challenged with LPS compared to those
fed basal diet. The course may be due to their more intense
immune response to LPS-challenge.

It was shown in present experiment that LPS-challenge
has induced marked fever response in hens. Though there
was no difference in fever response by different dietary zine
source. among LPS-challenged birds. the peak of fever
appeared earlier in hens supplemented with ZnAA than
those fed ZnSO,. The difference in the fever response
profiles implicated different sensitivities of birds to LPS.
Moderate fever is considered to be a beneficial response to
infection because it enhances the activity of immune cells
and increases heat shock protein (HSP) synthesis. which
provides protection against the detrimental effects of
various stress and immune stimuli and amplify the local
immune responses (de Boer and Breimer. 1998).
Suppressed febrile response contributes to increased
mortality and prolonged recovery from infection (Fraifeld
and Kaplanski. 1998). Therefore, the ability to initiate
earlier febrile response and quicker fading away from fever
in birds fed ZnAA diet may contribute to their stronger
resistance to pathogenic infection and recovery from
immunological stress.

LPS can induce the release of proflammatory cvtokine
such as IL-1P. IL-6 and TNF-x. in which these cytokines
activate the hypothalamic-pituitary-adrenal (HPA) axis and
mediate systemic components of the inflammatory response
such as fever (Luheshi. 1999). Researches had also
suggested that =zinc stimulated peripheral  blood
mononuclear cell (PBMC) in dose-dependent manner to
release IL-1. I[L-6. tumor necrosis factor (TNF)-¢. and IFN-y
(Driessen et al.. 1994), and acted synergistically with LPS
with respect to cytokine induction in leukocytes (Driessen
et al.. 1995ab). In the present experiment. among LPS-
challenged birds. serum IL-1f3 was higher in hens fed ZnAA
diet than those fed the basal or ZnSO, diet at 3 h after
challenge. However. birds fed ZnAA diet had the lowest
serum IL-1[3 concentration among dietary treatments at 12 h
post-challenge with LPS. Therefore, compared to the basal
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or ZnSQ; diet, birds fed ZnAA might induce earlier release
and quicker fading away of proflammatory cytokine. which
was quite in agreement with the time frame of fever
response. It is also possible that the enhanced sensitivity of
birds fed ZnAA to LPS may be due to its more bioavailabity
than ZnSO,. More bioavailable Zn may augment the
proliferation as well as cytokine secretion in monocytes and
macrophage and amplify the immuno-stimulative effects of
LPS. But the exact underlying mechanism is now not clear.
Interestingly, among saline-treated birds, serum IL-1f3
concentration was higher in hens fed ZnAA diet than those
fed basal diet at 3 h after saline administration. This may
imply zinc-induced cytokine production might be caused by
a direct interaction of Zn with monocytes and macrophage
independent of immune challenge.

The present experiment demonstrated that LPS-
challenge decreased the serum zinc concentration and
increased zinc concentration in liver and spleen, and that
was in consistent with previous reports with experimental
infection (Klasing. 1984: Tufft et al.. 1988: Hill. 1989)
and/or intravenous injection with endotoxin (Butler and
Curtis. 1973). This dramatic decrease of serum zinc and
internal redistribution of zinc accompanied with the acute
phase response was thought to withhold important minerals
such as zinc necessary for bacterial growth in blood stream
and to reprioritize hepatic protein svnthesis in a fashion

beneficial to the host in times of stress or infection (Cousins.

1985, Sugarman. 1983). Among LPS-challenged birds.
feeding ZnAA diet resulted in higher hepatic and splenic
zinc concentration compared to ZnSO, diet. which implied
that dietary supplementation of ZnAA may supply a more
bioavailable zinc for liver and spleen and thereby
contributed to better immune defense than ZnSO,. It has
been reported that intracellular functions that require zinc
are dependent upon the availability of zinc for proper
functioning (Dardenne and Bach. 1993). and that the
organic zinc such as zinc methionine is 206% more
available than ZnSO, (Wedekind et al., 1992).

[t is widely reported that metallothionein. a zinc binding
protein, is a major factor causing serum hypozincemia and
zinc sequestered in the liver and other organs after LPS
administration (Cousins. 1985. Gaetke et al. 1997).
Reduction in plasma Zn concentration is usually associated
with enhanced hepatic MT gene expression and increased
synthesis of MT (Dunnm and Cousins. 1989). Furthermore,
an increase in Zn status of an animal resulted in increased
synthesis of MT in many different tissues (Richards. 1989).
Our results showed that MT concentration of liver and
spleen was significantly elevated by LPS-<challenge. The
positive correlation of tissue MT and zinc sequestered in
these tissues confinms the pivotal role of MT in zinc
dyvnamics during immunological stress. In LPS-challenged
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birds, feeding ZnAA tended to increase MT level in liver
and spleen more than that of feeding ZnSQ, (266% vs.
158%. 225% vs. 135%. respectively). which indicated that
organic zinc source might be a better source for zinc
accumulation and MT synthesis to alleviate immune
challenge. The effect on MT concentration by interaction
between immune-challenge and Zn supplementation was in
agreement with the report of Hemandez et al. (1996), in
which they found that administration of zinc followed by
endotoxin treatment increased MT levels in rat liver by 40
folds. whereas simple endotoxin challenge or zinc
supplementation increased MT levels only 8-12 times. The
synergism between zinc and endotoxin in tissue MT
induction in vive is hypothetically attributed to zine levels
in body and the mobilization capacity of zinc. because the
effect was abolished in an ir vitro experiment (Hernandez et
al.. 1996). Transcription regulation of MT gene by zinc is
conferred by metal response elements (MRE) in the MT
promoter. Only metal occupancy of a transcription factor
that binds specifically to the MRE sequence of DNA can
initiate transcription (Davis and Cousins, 2000). Dietary
ZnAA supplementation may result in a larger intracellular
zinc pool. thereby increase the opportunity for occupancy of
one specific zinc finger In addition. zinc amino acid
complex may be absorbed intact and circulated to target
tissues very efficiently (Power and Horgan. 2000). It is also
possible that the intact zinc amino acid complex may bind
with a higher affinity with zinc finger protein of
transcription factor. therefore enhance gene transcription
and protein synthesis of MT.

CONCLUSION

Compared with ZnSO,. supplementation of Zn amino
acid complex seemed to elevate the sensitivity to LPS
challenge and shorten acute phase response. Dietary
supplementation of Zn amino acid complex increased zinc
retention and metallothionein synthesis in liver and spleen,
which might result in a more effective immunological
response to limit the serum Zn available for pathogens and
improve utilization of zinc for the tissues requiring zine.
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