
CELL JOURNAL(Yakhteh), Vol 15, No 1, Spring 2013 45

Original Article

1 1 1
2

* Corresponding Address: P.O. Box: 14115-331, Department of Immunology, Faculty of Medical Sciences, Tarbiat Modares  
University, Tehran, Iran

Abstract
Objective: 
soon as stimulators affect them. Different sources of macrophages induce different re-
actions in their neighboring immune cells,which result in non-uniform immunologic out-
comes. In this experimental research, we compare the behavior of peritoneal macrophag-
es to lipopolysaccharide (LPS) stimulation from BALB/cmice as an indicator of a type 2 
immune response and from C57BL/6 mice as an indicator of a type 1 immune response.

Materials and Methods: In this experimental study, peritoneal macrophages prepared 
from thioglycolate stimulated BALB/c and C57BL/6 micewere treated with 1μg/ml LPS. 

1 1), interleukin 17 (IL-17), and in-
terleukin 10(IL-10) production were measured in the supernatants of all macrophage cul-
tures.Indoleamine 2, 3 dioxygenase (IDO) and phagocytic activitywere analyzed in the 
different experimental groups. The supernatant effects of LPS-treated macrophages on 
splenocyte proliferation was assessed by the colorimetric method using a 3-(4,5-Dimeth-
ylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) reagent.

Results: According to cytokine analysis, different mouse strains show different cytokine 
patterns in response to LPS. C57BL/6 macrophages produced more IL-17, IL-10, and 

1 and IL-4. There was no sig-

post-LPS treatment. Macrophages from both strains hada suppressor effect on splenocyte 
proliferation, but this effect was stronger in BALB/c mice.

Conclusion: The results show that macrophages from different genetic backgrounds re-
spond differently to the same stimulus in aspects of type, intensity, and time of response. 
The consideration of these aspects will enableresearchers to use correct treatment pro-
grams for immune-regulation or immunotherapy. 
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show that the early immune responses appearing 
after a pathogenic challenge determine the polari

the help of macrophages assist with induction of 
cellular immunity andthe control of immune ho

nature of the stimulators and the induced signaling 

Th 2

in opposing directions 

the formation of Th 2

to clarify the role of macrophages under different 
conditions. The obtained results will create a help
ful map for better manipulation of macrophages by 
using suitable treatments or stimuli.

of macrophages in response to immunomodulator

macrophage subsets that respond differently to typ

The goal of our study was to compare peritoneal 

mined period of time.Thioglycolate stimulation 

rophages.

Materials and Methods
Mice

Macrophage preparation 

2 inhalation.A total 

the lower abdominal area near the fat region. Af

and swishedaround to wash 
The needle was inserted into the upper part of the 

The resultant cell suspension was centrifuged at 

and incu
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2
cells were washed to separate out any nonadhe

 

Lipopolysaccharide (LPS) treatment 
in vitro

cultures. This step was performedin triplicate. 

macrophage culture supernatants at 0 (just prior 

effect of the immune responses on splenocytes 
was measured by culturing thesplenocytes in 

media wasconfirmed by the limulus amebocyte 

Cytokine measurement

sample was dispensed in triplicate. The opti

Indoleamine 2, 3 dioxygenase (IDO) activity assay

ity was determined bythe colorimetric assay that 

the control and test groups. After centrifugation 

ready been mentioned. One should be deleted.) Ni

using the standard concentrations of sodium nitrite 

Splenocyte proliferation assay

2
splenocytes were washed three times in media 

ed macrophage supernatants. Each sample was 

2

to each well and the plates were incubated for an 

Phagocytosis assay
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2 

least 200 cells were counted and the percent of 

Statistical analysis

Results
Flowcytometry

mice for the flowcytometry measurement of 

Cytokine assay
To determine the nature of the immune re

 

macrophages was significantly higher than the 
Fig 1: Flow cytometry analysis of peritoneal macrophages 
for CD11b and CD14 markers. Data shows the average number 

-
ard deviation.
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between BALB/c and C57BL/6 groups.

Measurement of indoleamine 2, 3 dioxygenase 
activity

lated macrophages. According to 

nine production.

NO production was measured in the super

NO production increased significantly in both 

creasing pattern of NO production at differ

duced significantly higher amounts of NO than 

produced significantly higher amounts of NO 
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Fig 3: Kynurenine production by BALB/c and C57BL/6 
peritoneal macrophages at 0 (pre-treatment), and 3, 24, 48, 
and 72 hours post-LPS treatment. Data shows the mean 

in triplicate ± standard deviation.
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C57BL/6 peritoneal macrophages at 0 (pre-treatment), and 
3, 24, 48 and 72 hours post-LPS treatment. Data shows the 

triplicate ± standard deviation. The single star on top of the 

C57BL/6 groups.
 
Macrophage supernatant effect on splenocyte 
proliferation

proliferation of splenocytes was inhibited in the 

ference between the inhibitory effect of the super
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Fig 5: Lymphoproliferative responses of F1 hybrid mice 
(BALB/c x C57BL/6) spleen cells to the supernatants of 
BALB/c and C57BL/6 peritoneal macrophages at 0 (pre-
treatment), and 3, 24, 48, and 72 hours post-LPS treatment. 

perimental group in triplicate ± standard deviation.

Phagocytosis assay

A B

C D

Fig 6: Phagocytosis of DAPI-stained Saccharomyces cer-
evisiae by C57BL/6 and BALB/c macrophages at 72 hours 
post-LPS treatment. A, B represent phase contrast and C, D 

after incubation for one hour with Saccharomyces cerevi-
siae (×400). 
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Fig 7: The mean numbers of macrophages that contain Saccharomyces cerevisiae per total macrophages at 0 (pre-treatment), 
and 3, 24, 48 and 72 hours post-LPS treatment (7 A). The meannumber of Saccharomyces cerevisiae ingested per phagocyte 

difference between BALB/c and C57BL/6 groups.

Discussion

sult. 

 

induction of Th 2 in surrounding lymphocytes. 

2 and Th  immune 

Our results showed thatthioglycolate stimulation 

demonstrated that 

tion may prepare macrophages to respond better 
in vitro

A B
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treatment both macrophages produced the same 

were de

2 immune 
responses. 

 

 

To eliminate the splenocyte response to foreign 
antigens in the supernatant of macrophage cul
tures and employing the same source of spleno

The results showed 

treatment. This result agreed with the increase in 

pathogen to resist elimination and the ability of 
different macrophages and different macrophage 

on phagocytosis. According to 

cells that phagocyte Saccharomyces cerevisiae

ic capacity. This result indicates that macrophages 

duction at different times after the encounter to the 

mice in response to infections.

Conclusion

2
Th



CELL JOURNAL(Yakhteh), Vol 15, No 1, Spring 2013 53

Soudi et al.

their Th2 and Th

glycolate stimulation.
This study represents the time course of im

stimulation.The results enable us to select the 

periments.
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