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ABSTRACT ' Sixteen specific pathogen free 4-wk-old crossbred weanling pigs were allotted into a 2X2 factorial 
experiment to evaluate the effects of chromium (Cr) on the immune responses after lipopolysaccharide (LPS) injection. Two 
factors included (1) no Cr or 400 ppb Cr supplementation from chromium picolinate (CrPic) and (2) LPS injection (200 «g/kg 
BW, intraperitoneally) on day 21 (d 21) and 35 (d 35) as compared with saline application. Plasma samples were obtained 
from all piglets before (0 h) and at 2 h, 4 h, 8 h, and 24 h after LPS injection. The changes in tumor necrosis factor- a 
(TNF- a) and leukocyte populations after LPS injection were not significant on d 21. On d 35, the plasma TNF- a level 
was increased at h 2 postinjection, and supplemental Cr reduced the TNF- a level. The leukocyte populations had changed 
profoundly and lymphocyte subsets of CD2+ and CD8+ were reduced at 8 h postinjection. The blood granulocytes were 
increased and the percentage of CD2+ was reduced in the Cr-fed group on d 35. Furthermore, Cr supplementation decreased 
the blastogensis of concanavalin A-stimulated peripheral blood mononuclear cells (PBMC) on d 21. These results suggest 
that 400 ppb Cr supplementation from CrPic in diets may modulate the immune responses in weanling pigs during LPS 
injection. (Asian-Aus. J. Anim. Set 2000. VoL 13, No. 10 : 1414-1421)
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INTRODUCTION

Trivalent chromium (Cr) may serve as an essential 
micronutrient for normal metabolism in human and 
laboratory animals (Anderson et al., 1987; Mertz, 
1993). In addition to its role in the metabolic 
processes, substantial evidence indicates that supple­
mental Cr has an anti-stress effect upon calf 
production. In feeder calves subjected to transport­
stress, supplemental Cr decreased morbidity and 
enhanced immune status as compared with non-Cr 
supplemented calves (Chang and Mowat, 1992; 
Moonsie-Shageer and Mowat, 1993). However, 
supplementation of Cr at 200 ppb in organic or 
inorganic form for weanling pigs during lipopoly­
saccharide (LPS) challenges did not seem to have a 
beneficial effect on improving the immune function 
(van Heugten and Spears, 1997). Conversely, Myers et 
al. (1995, 1997) found that Cr supplementation could 
modulate the cytokine production in finishing pigs and 

could also stimulate the peripheral blood mononuclear 
cells (PBMC) to produce more interleukin 2 (IL-2) 
and IL-6 than that in the control groups in vitro.

The endotoxic shock syndrome resulting from 
gram-negative bacterial sepsis causes high morbidity 
and mortality in newborn piglets (Hard et al., 1991). 
The LPS or endotoxin is the outer membrane 
component of gram-negative bacteria which is 
presumed to initiate a series of immunological and 
biochemical responses (Morrison and Ryan, 1979). 
Lipopolysaccharide injection has provided an 
opportunity to study the immune response during 
mflammation in piglets after dietary modulation (van 
Heugten et al., 1994, 1995). This study was conducted 
to determine the influence of LPS challenges and Cr 
supplementation on the immune responses in weanling 
pigs.

MATERIALS AND METHODS

Animals and treatments
A total of 16 specific pathogen free 4-wk-old 

crossbred weanling pigs (sire was Duroc and sow was 
Yorkshire-Landrace cross, average body weight 6.67 
kg) were allotted into one of four treatments based on 
weight, sex, and litter origin. The experiment was 
performed from weaning at 28 days of age to 66 days 
of age (d 38). Four piglets were housed in a nursery 
room as one pen. The temperature in the nursery 
room was maintamed at around 26 °C with heating 
supply during the first 2 weeks. Each treatment 
consisted of four pigs. A 2X2 factorial arrangement 
was used in a random design. Factors included (1) no 
Cr supplementation or 400 ppb Cr supplementation 
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(provided by chromium picolinate, CrPic, from Prince 
Agri Products, Inc., USA) in the diet and (2) with 
LPS or saline injection. Pigs were injected 
intraperitoneally (i.p.) with either 1 mL of LPS 
solution containing LPS at 200 "g/kg BW or with 
saline successively on d 21 and d 35 of the 
experiment. LPS was obtained from Escherichia coli 
(serotype 055: B5; Sigma Chemical Co., USA).

The experimental diet (table 1) mainly consisted of 
com, skimmilk, and isolated soybean protein to meet 
or exceed the NRC requirements for all nutrients 
(NRC, 1988). Feed and water were freely available. 
Body weight and feed intake were determined before 
and 3 days after each LPS injection and weekly 
thereafter. Rectal temperature was measured with an 
animal thermometer. The level of Cr in the basal diet 
was 1300 ppb, as determined by atomic absorption 
spectrophotometry (Perkin-Elmer, 5100PC, USA).

Blood collection and analysis
Blood samples were collected in heparinized tubes 

from each pig by venipuncture in the cervical vein 
before (0 h) and at 2 h, 4 h, 8 h, and 24 h after 
LPS injection. Peripheral blood leukocytes were 
counted by a microcell counter (Sysmex F-800, Japan). 
An aliquot of blood was analyzed immediately for the 
leukocyte surface antigen. The other blood was 
centrifuged at l,000Xg for 20 min at 4°C, and the 
buffy coat was collected for examining PBMC 
blastogensis, and the plasma was frozen (-20*0 until 
tumor necrosis factor- a (TNF- a) and C-reactive 
protein (CRP) analyses were performed.

Plasma TNF- a was measured using an enzyme 
linked immunosorbent assay (ELISA) kit (Genzyme, 
USA). The intra-assay CV for TNF- a was 7.31%. 
Plasma CRP was measured using an ELISA method as 
previously described Eckersall et al. (1996). For CRP 
assay, rabbit anti-human C-reactive protein (Sigma 
Chemical Co.) and peroxidase-conjugated goat anti­
rabbit IgG (Sigma Chemical Co.) were used as the 
first and secondary antibodies. Human CRP (Sigma 
Chemical Co.) was used as the standard for the 
calculation of unknown samples. The intra-assay CV 
for CRP determination was 1.64%.

The leukocyte differential cell counts and 
lymphocyte surface cluster of differentiation antigen 
(CD) expression were analyzed by flow cytometry as 
described by Hsu (1995). Briefly, 100 "L blood was 
incubated with 50 "L of monoclonal antibodies (CD2: 
MSA4; CD4: 74-12-4, and CD8: 76-2-11) for 30 min 
at 4 °C in a plastic tube. All CD antibodies were 
obtained from ATCC (USA) except MSA4 (ftom Dr. 
Lunny, USDA research laboratory, USA). After 
washing three times, the cells were incubated with 50 
“ L of fluorescein isothiocyanate-labeled goat anti­
mouse immunoglobulin-G antibody for 30 min at 412 

Table 1. The basal diet composition
Ingredients (%)

Com 79.46
Isolated soybean protein8 11.09

b Supplied per kg diet: vitamin A, 8,000 IU; vitamin D, 
1,200 IU; vitamin E, 40 IU; vitamin K3, 4 mg; vitamin 
B2, 8 mg; pantothenic acid, 24 mg; niacin, 80 mg; 
vitamin Bi2, 40 "g and choline-chloride, 700 mg.

c Supplied per kg diet: Cu, 20mg; Zn, lOOmg; Fe, 140 
mg; Mn, 4 mg; Se, 0.1 mg and I, 0.2 mg.

(1:80 dilution, Zymed, BK). After centrifugation, cell 
pellets were then treated with 2 mol/L NH4CI for 8 
min to lyse erythrocytes and then washed three times 
with phosphate-buffered saline (PBS). The cells were 
fixed in PBS with 0.5% formaldehyde. Flow cytometry 
analysis was conducted on a flow cytometer equipped 
with Lysys software (FACStar Plus, Becton Dickinson, 
USA). Forward and right-angle scatter signals were 
displayed on a linear scale. The background 
fluorescense was about 1 to 3%. Differential cell 
counts in three-parts (monocytes, granulocytes, and 
lymphocytes) were performed using light scatter 
analysis.

The PBMC blastogenic responses to mitogen were 
assessed by the method of Boyum (1968) with some 
modifications. Concanavalin A (Con A) was used as a 
T cell mitogen in this study. Preliminary studies 
showed that 10 卩 g/mL Con A gave optimal 
blastogensis. Therefore, 10 卩 g/mL of Con A was 
chosen for the proliferation assay. The blastogensis 
index was calculated as count per minute (cpm) of 
radioactivity of mitogen stimulated/cpm of radioactivity 
of non-mitogen stimulated.

Statistical analysis
All data were analyzed by using the GLM

Skunmilk 5.00
Soybean oil 1.77
Dicalcium phosphate 1.29
Limestone, pulverized 0.69
Salt 0.40
Vitamin premixb 0.20
Trace mineral premixc 0.10

Calculated nutrient composition
Metabolizable energy (kcal/kg) 3250
Crude protein (%) 19.00
Lysine (%) 1.15
Sulfur-containing amino acids (%) 0.69
Threonine (%) 0.85
Calcium (%) 0.86
Phosphorus (%) 0.65

Analyzed nutrient composition
Chromium (ppb) 1300

a Pro Fam 972, ADM, Holland.
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procedure of SAS (1987). Data were subjected to 
repeated-measures ANOVA. If a given ANOVA was 
significant at p<0.05, comparison of means was 
perfomed using Duncans multiple range test.

RESULTS

The temporal alterations in plasma TNF- a and 
CRP levels following the intraperitoneal injection of 
LPS are shown in figure 1. Injection. of LPS and 
supplement시 Cr were only shown to affect the plasma 
TNF- a levels at 2 h after the second LPS injection 
on d 35, in which the plasma TNF- a reached a peak 
level of 280 + 50 pg/mL for the group without Cr 
supplementation. However, supplemental Cr had a 
lower TNF- a level of 89 ±3 pg/mL at 2 h after LPS 
injection. Plasma CRP levels were increased at 8 h 
and at 8 h to 24 h after LPS injection on d 21 and 
35, respectively. There were no differences between 
the Cr-fed and control group.

Figure 2 depicts the responses in numbers of 
monocytes, lymphocytes, and granulocytes to Cr

Day 21

(a) TNF-a

supplementation and LPS injection on d 21 and 35. 
The change in scale of monocyte numbers after LPS 
injection was small foi the first LPS injection on d 
21. On d 35, a profound lowering of monocytes was 
noted at 2 h postinjection, which shifted to a higher 
monocytes concentration (p<0.05 vs. control) at 24 h 
postinjection. The changes in lymphocyte numbers after 
LPS injection were similar to the monocytes on d 21 
and 35. Supplemental Cr did not affect the numbers 
of monocytes and lymphocytes. The granulocyte 
numbers showed an interaction between LPS injection 
and Cr supplementation at 24 h postinjection on d 21. 
On d 35, a marked granulocytopenia was observed 
from 2 h to 8 h postinjection, which shifted to a 
granulocytosis at 24 h postinjection. However, the 
numbers of granulocytes were significantly (p<0.05) 
higher before LPS injection in Cr-fed piglets.

The lymphocyte cluster differentiation percentages 
for CD2+, CD4+, and CD8+ on d 21 and 35 are 
presented in figure 3. The CD2+ % of lymphocytes 
were not significantly affected by LPS injection and 
Cr supplementation on d 21. Following the second

Day 35
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Figure 1. Effects of supplemental chromium and lipopolysaccharide (LPS) injection at day 21 and 35 on the 
levels of tumor necrosis factor- a (TNF- a) (a) and C-reactive protein (CRP) (b) in weanling pigs. Each point 
is .the mean±SE. a, b, c: Meaning the significant difference (p<0.05) of Cr, LPS, and the interaction, 
respectively.
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Day 21
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Figure 2. Effects of supplemental chromium and lipopolysaccharide (LPS) injection on the number of blood 
leukocytes for monocytes (a), lymphocytes (b), and granocytes (c) in weanling pigs. Each point is the mean± 
SE. a, b, c: Meaning the significant difference (p<0.05) of Cr, LPS, and the interaction, respectively.

Postinjection (h)

LPS injection on d 35, significant decreases in CD2+ 
% were observed at 8 h and 24 h postinjection. In 
addition, the CD2+ % was lower before LPS injection 
in the Cr-fed group on d 35. The CD4+ lymphocyte 
subset had no significant changes after LPS injection 
on d 21 and 35, however, the percentage of CD8+ 
lymphocytes decreased at 8 h postinjection and 

returned to the preinjection level at 24 h postinjection 
on d 35. The percentages of CD4+ were decreased at 
8 h and 24 h postinjection on d 21, and at 24 h 
postinjection on d 35 for the Cr-fed group, 
respectively. The ratio of CD4+/CD8+ was no different 
between LPS injection and Cr supplementation (data 
not shown).
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Day 35Day 21

Postinjection (h)

Figure 3・ Effects of supplemental chromium and lipopolysaccharide (LPS) injection on the percentages of 
lymphocytes cluster of differentiation (CD) for CD2 (a), CD4 (b), and CD8 (c) in weanling pigs. Each point is 
the mean±SE. a, b, c: Meaning the significant difference (p<0.05) of Cr, LPS, and the interaction, respectively.

The PBMC blastogensis after 
showed biphasic responses which 
cally at 2 h and 4 h and was 
postinjection on d 35. Before 
supplementation did not alter the 

Con A-stimulation 
decreased dramati- 
enhanced at 24 h 
LPS injection, Cr 
PBMC blastogensis

after Con A-stimulation on d 21 and d 35 in weanling
pigs. After LPS injection on d 21, Cr supplementation 
decreased the blastogensis of Con A-stimulated PBMC 

at 4 h postinjection. However, the means of blasto­
gensis index of PBMC at these periods were lower 
than the values before injection of LPS at 0 h (figure 
4).

DISCUSSION

Stress and disease can increase Cr mobilization and
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Figure 4. Effects of supplemental chromium and lipopolysaccharide (LPS) injection on the peripheral blood 
mononuclear cell blastogensis response to concanavalin A (Con A) on day 21 (a) and day 35 (b) in weanling 
pigs. Each point is the mean ± SE. a, b: Meaning the significant difference (p<0.05) of Cr and LPS, respectively.

excretion (Anderson et al., 1988; Borel et al., 1984; 
Pekarek et al., 1975) and may exacerbate a marginal 
Cr deficiency in humans. In this study, we used 
repeated LPS challenge as a stress to investigate the 
immune response in weanling pigs supplemented with 
CrPic. After LPS injection, piglets showed a typically 
endotoxic fever, vomiting and anastasia within 4 hours.

The temporal alterations in TNF- a level after LPS 
injection were similar to a previous experiment in 
weanling pipets. The TNF- a level was significantly 
increased at 2 h postinjection of LPS at 5 〃 g/kg BW 
and returned to the basal level at 8 h postinjection 
(Webel et al., 1997). The result of Cr supplementation 
reducing the plasma TNF- a levels after injection of 
LPS was also similar to the results of supplementation 
of 300 ppb Cr by CrPic after injection of LPS at 20 
H g/kg BW in 90 kg pigs (Myers et 시., 1997). The 
results in this experiment suggest that the low TNF- a 
levels in association with the low immune response to 
LPS treatment on d 35 may be due to. the anti-stress 
effect of Cr in piglets. The phenomenon may be 
similar to that seen in young pigs supplemented with 
a surfeit level of vitamin E, which reduces the plasma 
TNF- d level to LPS challenge (Webel et al., 1998).

The level of CRP was alleviated at 48 hours after 
LPS injection in pigs (Heegaard et al., 1998). 
Supplemental Cr prior to shipping-stress calves in 
reduced the haptoglobin level at d 7 after arrival 
(Wright et al., 1995). Haptoglobin is an acute phase 
protein which is produced by the liver in response to 
the elevation of blood TNF- a (Murata and Miyamoto, 
1993). The response was only recorded 24 hours after 
LPS injection in this study, which showed the effect 
of LPS on CRP only on the secondy injection.

The peripheral blood leukocytes alternation pattern 
in piglets after LPS injection was similar to the results 
obtained in finishing pigs (Norimatus et al., 1995) and 

human (Richardson et al., 1989). The evidence in 
human study showed that a profound granulocytopenia, 
lymphocytopenia, and monocytopenia is obtained before 
the elicited hypercortisolemia after. a five-minute bolus 
of LPS infusion. With the rise in plasma cortisol, a 
reversal of the early leukocytopenia is noted after LPS 
injection (Richardson et aL, 1989). The supplemental 
Cr in the present study did not affect the numbers of 
leukocytes. However, the numbers of granulocytes 
were significantly (p<0.05) enhanced before LPS 
injection when the. diet was supplemented with Cr on 
d 35. In a study with calves, Cr as Cr-nicotinic acid 
complex has been reported to increase the percentage 
of neutrophils up to 3.50% (Kegley et 시., 1996).

After LPS injection on d 35, the percentages of 
CD2+ and CD8+ were decreased at 4 h and then 
returned to the preinjection level at 24 h postinjection. 
The temporal alterations of CD subsets following the 
LPS injection are similar to those responses studied in 
human subjects (Richardson et al., 1989) and rats 
(Cupps et at, 1984). Calvano et al. (1992) 
demonstrated that the changes in CD3 (T cells), CD4, 
CD8, and CD20 (B cells) were due to the elevation 
of cortisol in human by continuous infusion of LPS. 
In this study, when LPS at 200 p. g/kg BW was 
injected into piglets, the plasma cortisol level was 
elevated two to eight hours after injection (Lee et al., 
2000). The changes in CD2 lymphocyte subset in the 
Cr-fed pigs after LPS injection may be correlated with 
vicissitude of the cortisol. A previous report (Sei et 
al., 1991) indicated that synthetic glucocorticoids were 
able to reduce CD4+ lymphocytes in mice. Further 
studies are needed to elucidate the influence of Cr on 
the population and migration of lymphocyte subsets.

PBMC blastogeiiic response to Con A was 
decreased for Cr-fed piglets on d 21 after LPS 
injection, van Heugten and Spears (1997) observed the 
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increase in lymphocyte proliferation in response to 
pokeweed mitogen (PWM), but not in response to 
phytohemagglutinin (PHA) in weanling pigs when the 
diet was supplemented with 200 ppb organic or 
inorganic forms of Cr. An increase in PBMC 
blastogenesis with the addition of Cr to the medium 
(Chang et al.s 1994) or the addition of serum from 
Cr-fed cows to the medium (Burton et al., 1995) was 
also found. However, Gentry et al. (1999) reported 
that lambs fed supplemental Cr in the diet had lower 
PBMC blastogensis when the cells were incubated 
with PWM. One possible explanation of our combined 
results is that Cr supplementation causes an early 
(before 12 h) reaction of PBMC to Con A, therefore 
a more rapid reaction, resulting in accelerated 
production and subsequent utilization of IL-2, may 
then reduce the PBMC blastogensis (Lee et al., 1999). 
The PBMC incubation time in this study was 72 h, 
which was longer than the 48 h in the weanling pig 
study (van Heughter and Spears, 1997), and similar to 
the study of 68 h in lambs (Gentry et al., 1999).

The decrease in Con A-stimulated PBMC 
blastogensis shown in this study after LPS challenge 
on d 21 and d 35 may be due to LPS depletion of 
most mature PBMC, leaving some immature cells 
which are hyporesponsive to mitogen, because the 
LPS-stimulated PBMC blastogensis was very low at 2 
h and 4 h on d 35. In this study, the immune 
response to LPS injection changed more dramatically 
on d 35 than that on d 21. It seems that the 
endotoxic response was increased with a second 
challenge to the piglets. Moreover, the difference in 
age-related responses to endotoxin may be attributed to 
anatomic and physiological immaturity in the 
developing piglets (Li et al., 1993). Again, this work 
indicated that the older group appeared to present 
typically biphasic hemodynamic responses to endotoxin, 
while the younger group had a more moderate 
response in the early phase.

Chromium picolinate supplementation did not 
consistently affect the Con A-stimulated PBMC 
blastogensis and plasma TNF- a levels as in vitro 
cellular immunity and in vivo immunity indicators, 
respectively. However, there were some notable 
changes in selected blood metabolites and hormone 
measurements (Lee et al., 2000).

IMP 니 CATION

The results suggest that bacterial LPS has potent 
stimulating effects on immune responses in weanling 
piglets. Supplemental 400 ppb chromium from 
chromium picolinate reduced the release of TNF- a 
after LPS injection on d 35 and enhanced the numbers 
of granulocytes before LPS challenge. Thus 
supplemental chromium may modulate the immune 

responses in weanling pigs during LPS inje아ion. The 
effect of Cr on PBMC blastogensis may interact with 
the mitogen incubation time, and must be tested in the 
future.
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