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Abstract

AIM: To study changes of inflammation-associated cytokine
expressions during early phase of endotoxic shock in macague.

METHODS: Experiments were performed in Macaque
mulatta treated with LPS 2.8 mg/kg in shock model group
or with normal saline in control group. Blood samples were
collected before, or 60 min, or 120 min after LPS injection,
respectively. Liver and spleen tissues were obtained at
120 min after LPS injection. The plasma levels of TNF-a,
IL-1 B, IL-10 and IL-12P40 were determined by double-
antibody sandwich ELISA with antibodies against human
cytokines. The mRNA levels of TNF-a, IL-1 B, and IL-18 in
peripheral blood mononuclear cells (PBMCs), liver and spleen
were examined by real-time fluorescence semi-quantitative
RT-PCR with the primers based on human genes.

RESULTS: Mean systemic arterial pressure (MAP), systemic
vascular resistance index (SVRI) and left ventricular work
index (LVWTI) of macaques were significant declined in shock
model group on average 60 min after LPS injection. The
plasma levels of TNF-a and IL-10 were significantly
increased 60 min after LPS injection and then decreased.
The plasma levels of IL-1 3 and IL-12P40 were significantly
increased at 120 min after LPS injection. The mRNA levels
of TNF-a and IL-1 B were significantly increased 60 min
after LPS stimulation in PBMCs and 120 min after LPS
stimulation in livers. The mRNA level of IL-18 was
significantly increased 120 min after LPS stimulation in
PBMCs and livers. But in spleen, only TNF-a mRNA level in
LPS group was significantly higher 120 min after LPS
stimulation, compared with that in control group.

CONCLUSION: An endotoxic shock model of Macague
mulatta was successfully established. Both antibodies for
ELISA and PCR primers based on human cytokine assays
were successfully applied to detect macaque cytokines. In
the model, inflammatory cytokines, such as TNF-a, IL-1 3,
IL-12 and IL-18 as well as anti-inflammation cytokine IL-10,
were released at very early phase of endotoxic shock within
120 min after LPS injection. PBMCs and liver cells might be
the important sources of these cytokines.
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INTRODUCTION

Endotoxin-induced shock mostly occursduring seriousinfection
with Gram-negativebacteria. Lipopolysaccharide (L PS), residing
in the outer membrane of all Gram-negative bacteriaand being
the major component of Gram-negative bacteriacell wallsand
thetoxic component of endotoxin, isconsidered as animportant
initiating factor of the Gram-negative septic syndromein human.
Gram-negative sepsis has aroused great concern in clinic
because of itshigh mortdity. But LPSisnot thedirect causative
factor. It iswell known that L PS activates immunocytes, such
as monocyte-macrophage and lymphocyte, and induces these
cells to excessively release a series of potent inflammatory
cytokines, including TNF-a, IL-1 3, IL-6, IL-8and IL-18. Itis
theexcessive cytokines, suchas TNF-a, IL-1 3, IL-6 and IL-18,
that result in high fever, hypotension, vascular endothelial cell
damage and disseminated intravascular coagulation, blood
capillary leak syndrome, and multiple organfailure. On the other
hand, in patientswith primary liver injury, such asviral hepatitis,
LPS playsanimportant rolein intestinal endotoxemia, whichin
turn induces secondary liver injury and liver failure. New
therapeutic concepts for the treatment of endotoxic shock or
endotoxemia with anti-inflammatory cytokines have been
developed. Although knowledge about the changes of
inflammation-associated cytokines during endotoxemia and
endotoxic shock has been well addressed, the change pattern
of inflammatory cytokines just during the early phase of
endotoxemia and endotoxic shock is still not clear and worth
working on, becauseit can help the selection of new therapeutic
targets. The therapiesin early phase are more effective.

The aim of the present study wasto investigate the changes
of TNF-a, IL-1 3 I1L-10, IL-12 and IL-18 expressions during
early phase (within 120 min) of endotoxic shock in macaques.

MATERIALS AND METHODS

Animals

Totally 25 macaques (Macaca mulatta) of 5-8 years old,
weighing4.8-9.2 kg (6.17+1.1 kg), were obtained from Shanghai
Laboratory Animal Center, Chinese Academy of Sciences. All
anima studieswere carried out in accordancewith theinstitutional
regulations concerning animal experimentation of the Ministry
of Health of China. The animals were housed at 10-25 C with
light, around 8-10 h per day for, at least, aweek before experiment.
One of 25 macagueswas used in preliminary experiment for the
optimal dose of LPS at which hypotension and shock should
be induced. The other 24 macaques were divided into two
groups: 19in LPS group and 5 in normal saline (NS) group.

Agents
LPS, derived from E. coli O127: B8 and prepared by phenol
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extraction, was purchased from Sigma Co. (Saint Louis, USA).
ELISA kitsfor detectinghuman TNF-a, IL-13, IL-10and I L-12
P40/ P70 were from Pharmingen (San Diego, USA). TriZol
RNA extraction kit was from Gibco (Grand Island, USA).
Moloney murineleukemiavirus (M-MLV) reversetranscriptase,
RNase inhibitor, PCR kit and PGEM-T vector were all from
Promega (Shanghai, China). PCR product purification kit was
from Boehringer Mannheim Co. (Mannheim, Germany). Plasmid
DNA extraction kit wasfrom Scientz Bio Co. (Shanghai, China).

PCR primers

Inorder to determinethemRNA expressionleve sof inflammatory
cytokinesby RT-PCR, some pairs of primers based on specific
sequences published previously were used. These primers,
synthesized in ShengGong Biotech Co. (Shanghai, China), are
shown in Tablel.

Establishment of endotoxic shock model

In the pilot experiment, one macague was used to find out
optimal dose of LPS. Intravenousinjection of LPS of 2.8 mg/kg
resulted in reduction of mean arterial pressure (MAP) from
17.55t0 10.80 kPa. Thisdosagewas applied to establish macaque
modd of endotoxic shock in thisexperiments. After being fasted
overnight, macaques were anesthetized with ketamine (15 mg/kg,
intramuscularly), then they were mechanically ventilated with
aventilator (SERVE900c, Siemens- Elama) through trachea
intubator. Tida volumewas set at 12 mL/kg and the respiratory
rateat 20 beat/min during experiment. A vaueof 5cmH,0 (1cm
H,0 =0.098 kPa) of positiveend-expiratory pressurewas applied
to maintain end-expiratory lung volume. Anesthesia was
maintained with repeated intravenous injection of sodium
y-hydroxybutyl acid ( 200 mg/kg-h ) and intramuscular injection
of fentanylicitras ( a bolus of 6 pg/kg-30 min). A pulmonary
artery catheter was placed in the jugular vein for detecting
hemodynamic parameters by thermodilution (Siemens,). After
percutaneous puncture, the catheter was introduced into the
femoral artery and forwarded into the abdominal aorta for
mesasuring blood pressure. Nineteen animalsin the shock group
were given adose of 2.8 mg/kg LPSi.v., while 5 animalsin the
control group were given 1 mL/kg normal saline. Occurrences
of endotoxic shock were confirmed by reduction of MAP by
30% and by other hemodynamic changes, such asthe reduction
of systemic vascular resistanceindex (SVRI) or left ventricular
work index (LVWI), in LPS group. It took 60 min on averageto
establish shock after LPSinjection. Venous blood of 18 animals
in LPS group and 5 animalsin NS control group were collected
at 0, 60 and 120 min after LPS or NSinjection for detection of
inflammation-associated cytokines. Then, the macagques were
sacrificed for detecting myocardial damagesin another sub-study
of this project. At the same time, asmall portion of liver and
spleentissueswere diced and stored at -80 “C after being rapidly
frozen inliquid nitrogen for MRNA assays.

Blood processing

Blood from the macagues, anticoagul ated with EDTA-Na, were
centrifuged, at 1 500 r/minx10 min, to separate plasma from
cells. The plasmawere stored at -20 “C for cytokines detection.
The sedimentary cells were resuspended with Hanks' solution
and the cell suspension was centrifuged with Ficoll-Hypaque
lymphocyte separating medium, at 2 000 r/minx20 min, to get
peripheral blood mononuclear cells (PBMCs). After being
rapidly frozen in liquid nitrogen, PBM Cs from the macaques
were stored at -80 C for mRNA assays.

Plasma cytokines detection

Thelevelsof TNF-a, IL-1 3, IL-10and IL-12P40/P70 in plasma
were determined by double-antibodies sandwich ELISA using
thekits. The assayswere performed according to thekit protocol.

Test for intracellular cytokine mRNA

PBMCs of 10° and liver or spleen tissue of 0.1 g were used to
extract total cytoplasmic RNA according to the TriZol method.
Thetotal RNA was converted to complementary DNA (cDNA)
by areversetranscription sepwith M-MLV reversetranscriptase,
OligodT primer, RNase inhibitor and dNTPs. Using the cDNA,
specific primers, SYBR-Green | and PCR kit, aseries of red-time
semi-quantitative PCR were performed with a DNA amplifier
(PE5700) to determinelevelsof mRNA codingfor TNF-a, IL-13
and IL-18, aswell as B-actin which was used in the assay as an
internal control, in PBMCs, liver and spleen. cDNA sampleswere
amplified for 40 cycles denaturation at 94 C for 30's, anneding a
60 C for 60 s and extension at 68 ‘C for 120 s. The ratio of
fluorescence intensity of cytokine-specific product to that of the
interna control product represents relative levels of cytokine
MRNA expression. After PCR, theproductswerecl onedinto PGEM-
T vector, which was then used to transform JIM109 E. coli. The
plasmid DNAs of positive cloneswere extracted for sequencing.

Statistical analysis

All results were expressed as mean+SD. The significances of
differences between LPS shock group and NS control group
were evaluated by t-test. Testing standard was set at a = 0.05.
P<0.05 indicates asignificant difference, and P<0.01 indicates
aremarkably significant difference.

RESULTS

Change of TNF-a within 120 min after LPS administration
Plasma concentration of TNF-a in LPS group increased earlier
and was significantly higher than that in NS group at 60 min
after LPS administration, then decreased to alevel similar to
that in NS group. This result is shown in Figure 1A. The
dynamicsfor TNF-a mRNA expression by PBMCsin LPSgroup
was similar to that for plasma TNF-a concentration. The result
isshown in Figure 1B.

Table 1 PCR primer sequences for TNF-a , IL-1  and IL-18 detection

Cytokine Primer Sequence Reference

Human TNF- a upstream TCA CAG GGC AAT GAT CCC AAA GTA GACCTG C [2,3]
downstream ATG AGC ACT GAA AGC ATG ATC

Human IL-1 B upstream TTA GGA AGA CAC AAA TTG CAT GGT GAA [2,3]
downstream ATG GCA GAA GTA CCT GAG CTC

Human IL-18 upstream GCT TGA ATC TAA ATT ATC AGT C [4]
downstream GAA GAT TCA AAT TGC ATCTTA T

Human B-actin upstream TTC CAG CCT TCC TTC CTG G [5]

downstream

TTG CGC TCA GGA GGA GCA AT
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Figure 1 Kinetics curves for TNF-a expression in macaque
plasma (A) and. PBMCs (B) within 120 min after LPS
administration. ?P<0.05 vs control group; °P<0.01 vs control

group.

The expression levels of TNF-a mRNA inliver and spleen
in LPS group were remarkably higher than thosein NS control
group a 120 min after LPSchallenge. Theresultswere presented
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Figure 2 Transcript levels of TNF-a mRNA in liver (A) and
spleen (B) at 120 min after LPS administration. ®P<0.05 vs con-
trol group, °P<0.01 vs control group.

Change of IL-1 Bwithin 120 min after LPS administration

The plasmalL-1 3 level in LPS group began to rise at 60 min
after LPS challenge and was significantly higher at 120 min
after LPS challenge, compared with that in NS control group.
Whereasthe IL-1 (3 transcription level in PBMCs rose earlier
than plasmalL-1 3 level. The transcription level of IL-1 B in
PBMCs of LPS group was significantly higher than that in
control group at 60 min after LPS injection, and then dropped
to alevel similar to that in control group after another 60 min.
Figure 3 shows the changes of plasmalevel and transcription

level of IL-1 3 within 120 min after LPSinjection.

Thetranscript level of IL-1 3 mRNA intheliver of LPSgroup
remarkably increased at 120 min after LPS administration. But
the level in the spleen did not show a significant increase.
These results are shown in Figure 4.
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Figure 3 Dynamics of IL-1 3 expression in macaque plasma
(A) and PBMCs (B) within 120 min after LPS challenge. P<0.05
vs control group.
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Figure 4 Transcript levels of IL-1 B mRNA in liver(A) and
spleen(B) at 120 min after LPS administration. ®P<0.05 vs con-
trol group.

Changes of IL-18 mRNA expression in PBMCs, liver and spleen
within 120 min after LPS administration

The expression level of IL-18 mMRNA in PBMCs gradually
increased with LPS challenge and a statistical significance could
be found at 120 min after LPS challenge. The results are
presented in Figure 5. Datain Figure 6 indicate at 120 min after
LPS challenge, the expression levels of IL-18 mRNA in LPS
group were significantly higher inliver cells, not in spleen cells,
compared with those in control group after NS injection.
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Figure 5 The change of IL-18 mMRNA transcript level in PBMCs
within 120 min after LPS challenge. ®P<0.05 vs control group.
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Figure 6 The levels of IL-18 mMRNA transcript in liver (A) and
spleen (B) at 120 min after LPS challenge. 2P<0.05 vs control group.
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Figure 7 Change of plasma IL-12 levels within 120 min after
LPS challenge. ?P<0.05 vs control group.

Change of plasma IL-12 levels within 120 min after LPS challenge
Sixty minutesafter L PSchalenge, plasmalL-12P40/P70level of
macagues in LPS group gradually rose and was significantly
higher than that in control group at 120 min after LPS challenge.
Dataare suppliedin Figure 7.

Change of plasmalL-10levels within 120 min after LPS administration
Immediately after LPS administration, plasmalL-10 level of
macaques in LPS group increased slightly, and showed a
statistically significant rise at 60 min after LPS injection,
compared with control group. Thereafter the level gradually
declined to normal level. The results are shown in Figure 8.
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Figure 8 Change of plasma IL-10 level within 120 min after
LPS injection. ®P<0.05 vs control group.

DISCUSSION

Endotoxic shock model

A seriesof endotoxic shock anima models have been established
for studies. Macagque Mulatta belongsto primate animals. The
physiological functions and anatomical features are similar
among primates, including humans. Therefore, it isimportant
to study primatemodel of endotoxic shock in order to understand
septic shock in human. In the present study, an endotoxic shock
model of macaque was established to study about changes of
inflammation-associated cytokines during early phase of
endotoxic shock.

In human volunteers, an intravenous injection with endotoxin
bolus of 2-4 ng/kg caused pyrexia, cytokine release and mild
decline of MAP®7, In non-human primate, however, LPS
sensitivities were quite different: chimpanzee shared the
sengitivity of human to LPS, while baboons and rhesus macagues
were insensitive to LPS like rodents®!. Chimpanzee is too
precious to be commonly used in research, baboon and macague
areused asprimate model more commonly. Theinjection bolus of
LPSof 10-20 mg/kg, or continuousinfusion of LPSof 10mg/(kg-h)
was applied in several studies with rhesus macaques®®, A
bolusinjection of LPS 3.0 mg/kg for Macaque mulatta model
had been reported previously by Hajek!2. In the present study,
we successfully established an endotoxic shock model of
Macaque mulatta, which was proved by the decline of MAP,
SVRI and LVWI. The LPS dose we used was 2.8 mg/kg and
consistent with the previous report in Macaque mulatta model*2.

Methodology of detection for macaque cytokines
Unfortunately, no standard and commercial ELISA kits for
detection of macague cytokines are available. Nevertheless, it
isreasonable to try application of human cytokinekitsto detect
macague cytokines, becausethereisahigh homology in genome
between human and primate animals such as macaquel? and it
was reported that |L-2 receptor on the surface of rhesus monkey
cells reacted with antibody against human IL-2 receptor!™ and
IL-1, 1L-2and TNF-a frommonkey cellscould bind to antibodies
against human IL-1, IL-2 and TNF-a in ELISA[, |n this
experiment, we tried to use ELISA kits for detection human
cytokinesto determinethelevelsof TNF-a, IL-1 3, IL-12P40/P70
and IL-10 of Macaque mulatta and successfully obtained
useful data.

Smilarly, we used the primersbased on human TNF-qa,, IL-13,
IL-18 and B-actin genes to amplify the cDNA segments of
macagque TNF-a, I1L-1 3, IL-18 and 3-actin by RT-PCR methods
and successfully obtained the expected products such as 702-bp
segment of TNF-a, 810-bp segment of IL-1 3, 341-bp segment
of IL-18 and 225-bp segment of B-actin (Figure 9). The PCR
products from one macaque were sequenced for homology
comparison with human homologue. The resultsindicated that
theidentity of TNF-a or IL-18 gene segment between macaque
and human was 97%, I1L-1 3 was 93% (Figure 10).
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Figure 9 Identification of amplified products by RT-PCR with the method of agarose gel electrophoresis. A: 702 bp from TNF-a gene;
B: 810 bp from IL-1  gene; C: 341 bp from IL-18 gene; D: 225 bp from B-actin gene.
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Query: 7b3 gtttagggccatcgacgtcaaagaacaagtcatcctegttgecgetgtagtaagecatca 812
CEEEEERECEEEE F FEEEEEE PR PEEEE T T
Sbjet: 148 gtttagggccatcagettcaaagaacaagtcatcctcattgecactgtaataagecatca 89
Query: 813 tttcactggcgagetcaggtacttetgecat 843
RN RN A RN
Sbjet: 88 tttcactggegagetcaggtacttetgecat 58
Query: 34 gcttgaatctaaattatcagtcataagaaatttgaatgaccaagttctcttcattgacca 93
CEEEEEEEEETEEET PR TR PP r
Sbjet: 117 gettgaatctaaattatcagtcataagaaatttgaatgaccaagttetettecattgacca 176
Query: 94 aggaaatcggcccctatttgaagatatgactgattectgactgtagagataatgecacceeg 153
CEEEEEECEEEE TEEEE TR E TP E T T
Sbjet: 177 aggaaatcggcctctatttgaagatatgactgattetgactgtagagataatgeacceeg 236
Query: 1b4 gaccatatttattataaatatgtataaagatagccagcctagaggtatggetgtagecat 213
CEEEEELCEEEEEET e FEEEEE LT E TP E LR EErr 1 1
Sbjet: 237 gaccatatttattataagtatgtataaagatagccagectagaggtatggetgtaactat 296
Query: 214 ctctgtgaaatgtgagaaaatttcaactctctectgtgagaacagaattattteectttaa 273
CELEEEEEE TEREEEEE R LT e PP EE T
Sbjet: 297 ctetgtgaagtgtgagaaaatttcaactcetetectgtgagaacaaaattatttectttaa 356
Query: 274 ggaaatgaatcctcctgataacatcaaggatacgaaaagtgacatcatattctttcagag 333
CEEEEEECEEEEEET LT r e FE LT r
Sbjet: 357 ggaaatgaatcctcctgataacatcaaggatacaaaaagtgacatcatattetttcagag 416
Query: 334 aagtgtcccaggacatgataataagatgcaatttgaatcttca 376
CELLEEETEEEE TP TR
Sbjet: 417 aagtgtcccaggacatgataataagatgcaatttgaatcettca 459

Figure 10 Differences of cDNA fragments from TNF-a (A), IL-1 3 (B) and IL-18 (C) gene between macaque and human according

to GenBank.

Semi-quantitative analysis of MRNA based on RT-PCR can
be completed by using (3-actin mRNA as an internal standard
and by densitometry of product electrophoresis band scanned
or product dot hybridized with specific probe. Therelativeindex
(RI) of MRNA iscdculated using aformulaas Rl = density scan
value of specific product/density scan value of internal control.
Here, Rl may represent therelative level of specific mRNA. In
the present study, we also used (3-actin mMRNA as an internal
control. In order to increase detection sensitivity, we used
SYBR-Green |, akind of fluorescence stain for ds-DNA, inthe

quantitative analysis. Moreover, atwo step strategy of reverse
transcription first and then PCR was applied to ensure the
consistency of amplification efficiency between cytokine and
control mRNA. On the other hand, a real-time PCR was
performed to find the cycle number of exponential phase of
target DNA. Because the cycle number of exponential phase of
cellular target DNA isdifferent from that of primer-dimer DNA,
it is possible to exclude primer-dimer interference with target
DNA quantitative analysis when the product of cellular target
DNA iscollected within itsexponentia phase. In our experiment,
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the cycle numbers of exponential phase of cellular target DNA
were all lessthan 40, while that of primer-dimer was far more
than 40. So the PCR was carried out for 40 cycles.

Expression changes of inflammation-associated cytokines
during early phase of endotoxic shock model of macaques
TNF-a is one of the most important inflammatory cytokines
and hasalot of cellular origins such as monocyte-macrophages,
lymphocytes and endotheliocytes. The present study demonstrated
thelevel of plasma TNF-a peaked at 60 min after LPSinjection
and then gradual ly decreased. The change of mMRNA expression
level in PBMCs was nearly synchronous, which indicated
PBMCswere one of main sources of plasma TNF-a. After LPS
challenge, expression levelsof TNF-a mRNA bothinliver and
in spleen increased, suggesting that liver and spleen were also
the sources of plasma TNF-a. TNF-a releases firstly during
infection or inflammatory reaction. In endotoxic shock models
of rats, rabbits and monkeys, plasma TNF-a levels were
reported to increase at 30 min after LPS injection and reach the
pesk about 60-120 min after LPSinjection™, which wasin great
agreement with our results. Kupffer cellsin liver were an
important source of TNF-a. It was reported in endotoxin-
induced liver injury model of mice, there were two expression
peaks of TNF-o mRNA in liver, one happened within 2 h after
LPSinjection and the other happened 5 h after LPS injection.
The first peak, during which TNF-a was derived from LPS-
activated kupffer cells, was not as high as the second one. The
second peak was induced by other inflammatory cytokines
such asINF-yand IL-18, and wasthe main factor inducing liver
injury®®. In the present experiment, the increase of TNF-a
MRNA inliver a 120 min after LPSinjection should bethefirst
peak. Wefound the expression level of TNF-a mRNA in spleen
cells also increased after LPS injection. There are few studies
on TNF-a production by spleen in endotoxic shock models,
which needs more investigations.

IL-1 3, produced by activated monocyte-macrophages, isalso
an important inflammatory cytokine that is released early.
Leturcg™” reportedthat the peak of plasmalL-1 B level in
endotoxic shock mode of cynomolgus monkeysappeared at 2 h
after LPS stimulation which wasdlightly later than that of plasma
TNF-a. Thisissimilar to our result. We observed that IL-1 3
plasmalevel increased in 2 h after LPSinjection, but later than
TNF-a level did. Thefact that expressionlevel of IL-1 3 mRNA
in PBM Csincreased significantly at 60 min after LPSinjection
and quite earlier than plasmalevel suggested that PBMCswere
the main source of circulating IL-1 3. PBMCs synthesized and
released IL-1 3 firstly and IL-1 3 accumulated in plasma
sequentially. Theliver cells were also one of IL-1 3 sources,
but spleen cells the not.

IL-18, produced mainly by kupffer cdllsand other macrophages,
is another important inflammatory factor. IL-18 activates
cytokine network of liver and inflammatory reaction. By
inducing INF-y, 1L-18 causes the second peak of TNF-a and
sequential increase of FasL which induces apoptosis of liver
celld%38 | L-18 was found to be expressed basically in fresh-
separated human PBMCs and to increase significantly in 1 h
after LPSstimulation!®. In LPS-induced acute liver injury model
in Propionibacterium acnes-primed INF-y-deficient mice, IL-18
was found to show a basic expression in liver followed by a
remarkably increased expression within 2 h after stimulation
with Propionibacterium acnes and LPS*. In this study, we
found in endotoxic shock model of macaques, IL-18 mMRNA
expression in PBMCs began to increase after LPS stimulation
and showed a statistically significant increase 2 h later. We
also demonstrated a significant increase of 1L-18 transcription
inliver cellsafter L PS stimulation. These discoveriesin macague
models were not reported here before.

IL-12, produced mainly by macrophages, kupffer cellsand
dendritic cells, activates neutrophilic granulocytes and
promotesrelease of inflammatory cytokinessuch asINF-y, TNF-a
etc.[®2 while inhibits the release of anti-inflammation
cytokines such as IL-102, So, IL-12 isalso closely related to
inflammatory responses. Reports about the change of IL-12
expression in endotoxic shock was quite few except for Tsuji’s
work, in which plasmalL-12 level of acute liver injury model
micewasreported to reach apesk within 3h after LPSstimulation,
following the first peak of TNF-al*®. In Trinchieri’s opinion,
the observation of dynamics of inflammatory cytokinesin
above model mice suggested that the order of activation for
these cytokineswas: thefirst peak of TNF-a, IL-12, 1L-18, INF-y,
the second peak of TNF-a and FasL!?®. Our observation
indicated in macague mulatta, the plasma | L-12 concentration
significantly increased in 120 min after L PS stimul ation. To our
knowledge, there were few reports about IL-12 dynamicsin
endotoxic shock primate model. Our resultsin macague were
compatible with Trinchieri’ s description.

IL-10, originated from Th1l, Tr (regulator) or Th3 cellsand B
lymphocytes as well as monocyte-macrophages, is an anti-
inflammation cytokine, inhibiting the release of inflammation
cytokinessuchas TNF-a, IL-13,1L-6, IL-8, IL-12 and IL-18%,
Itisoneof the cytokines produced very early after LPSinjection
inmicemodé, like TNF-a. Dynamics curves showed two peaks
of plasmalL-10in mice modd: plasmalL-10 level reached the
first peak in 1-5 h after LPS injection and then declined; the
second peak appeared in 8-12 h after LPSinjection. PlasmalL-10
originated from kupffer cellsin liver during thefirst peak, while
it originated from peripheral blood lymphocytes during the
second peak!®. The amount of IL-10 in the first peak during
early phase of endotoxic shock was not enough to suppress the
increases of inflammatory cytokines and hence effectively stop
inflammation. So it is necessary to use exogenous recombinant
IL-10 as a therapeutics in early phase of endotoxic shock to
interrupt the chain release of inflammatory cytokines and to
stop shock development(?7. In the present study, we observed
IL-10 level in shock model of macaguesincreased dightly, and
significantly in 60 min after LPSinjection and formed asmaller
peak, and about 60 min later it returned nearly to the value of
control group. Our result in macague model was quite consistent
with that in mouse model. Theriseof IL-10level weobservedin
early phase of endotoxic shock in macague models should
correspond to the first peak.

It is necessary to mention Kupffer cells for understanding
thedynamics of inflammatory cytokinerel easeinduced by LPS.
LPSisthe main activator of Kupffer cells, while Kupffer cells
arethe mgjor source of inflammatory cytokines, such as TNF-a,
IL-12 and IL-18, which are produced in responseto LPS. TNF-a
isthekey factor in systemicinflammation (for example, endotoxic
shock and septic syndrome), and it is Kupffer cellsthat are the
major source of TNF-a in the liver. So Kupffer cells play an
important role in systemic inflammatory reaction caused by
Gram-negative bacteria. On the other hand, Kupffer cells are
the main scavengers of LPS and also play an important rolein
removing circulatory L PSand relieving thestimulationand injury
caused by LPS#.,
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