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Abstract
Background and Objective: Triptolide (TPL) is an extracts of the root of Chinese herb Tripterygium, which have anti-carcinogenesis
effects, immunosuppressive and anti-inflammatory response. The present study was designed to evaluate the anti-inflammation effect 
of  triptolide.  Methodology:  The  endotoxemia  models  were  established  by  intraperitoneally  (i.p.)  injecting  30  mg kgG1 purified  LPS 
in  BALB/c  mice.  The  treatment groups were injected intraperitoneally different doses (1.0, 2.0 and 5.0  mg kgG1 ) of  TPL 30 min before
LPS infusion. Survival rate was monitored for 7 days and serum TNF-", ALT and BUN levels were determined. In vitro,  endotoxemia cell
models were established by given 1 µg mLG1  LPS in RAW 264.7 murine macrophage cell. The concentration of TNF-" and IL-1$ was
detected and the protein levels of  TNF-" and IL-1$ were determined. Results: A rise TNF-" and IL-1$ level in serum and the increase of
BUN and ALT  level. While TPL treatment significantly increased survival rate in LPS-induced endotoxemia mice model, decreased the
levels of ALT, BUN and serum TNF-" and IL- 1$. In vitro,  LPS-induced TNF-" and IL-1$ production was inhibited by TPL. Conclusion: These
findings suggested that TPL had the ability of antiendotoxemia and protecting LPS-induced organ injuries by decreasing TNF-" and IL-1$
level.
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INTRODUCTION

Lipopolysaccharide (LPS) is the toxic component of
endotoxin of cell wall constituents in Gram-negative bacteria
and   release   of  LPS  in  vivo  would cause endotoxemia
called  LPS-induced  endotoxemia1.  On the cellular level,
Gram-negative bacteria infection would release endotoxin,
which  would  activate  macrophages  to  secrete   high  level
of    inflammatory     cytokines,    such    as    tumor   necrosis
factor-alpha (TNF-") and interleukin-1beta (IL-1$) and
gradually lead to overwhelming inflammatory response,
resulting in endotoxemia2. On the individual level, LPS leads to
activation of blood coagulation system, increase of fibrin
formation and degradation of fibrin and these changes cause
clinical  cases  of  Disseminated Intravascular Coagulation
(DIC). The TNF-" is one of the most important early releasing
inflammatory   cytokines   in   endotoxemia.   Numbers of
treatments  of  endotoxemia  studies  showed  protective
effect by suppressing TNF-" level3-5. The IL-1$ is another
inflammatory cytokine,  which also secret by activated
macrophages and can stimulate cell proliferation and cell
differentiation in immunoreaction6-8. Since inflammatory
cytokines were thought to be an major way that cause injury
in endotoxemia, inhibiting release of cytokines or decreasing
cytokines  level  would  a  possible  method  for resisting
endotoxemia.
In recent years, traditional Chinese medicine extracts

thought  to  be  a  novel  drug  in  control inflammation9.
Previous studies have shown that the role of triptolide (TPL),
extracts  of  the  root  of  Chinese  herb Tripterygium  have
anti-carcinogenesis    effects,      immunosuppressive   and
anti-inflammatory response10,11. The TPL used to treat different
kinds  of  autoimmune and inflammation-related conditions
by  inhibiting  release  of  inflammatory  cytokines  such as
TNF-", interleukin-2 (IL-2), inducible Nitric Oxide Synthase
(NOS),  cyclooxygenase-2  (COX-2)  and interferon-gamma
(IFN-gamma)12. Since deterioration of endotoxemia could
result in accumulation of inflammatory cytokines, TPL may be
a novel and effective agent for endotoxemia.
To have a better understanding of  TPL anti-endotoxemia

effect, here the authors report TPL on LPS-induced
endotoxemia model in mice, both survival rate and organ
injuries were monitored. The changes of  TNF-" and IL-1$ level
both in vivo and in vitro under the effect of TPL was also
observed.

MATERIALS AND METHODS

Experimental  animals:  The  BALB/c  mice weigh 18-22 g
were  supplied  by  Medical  Experimental   Animal   Center  of

Guangdong Province, China. All mice were kept in cages
before  experiment  with  water  and  food  ad libitum. This
animal  experiments  were  conducted  according to the
ethical guidelines of National Guide for the Care and Use of
Laboratory Animals and approved by Jinan University Animal
Care and Use Committee (Guangzhou, China).

Materials: Dulbeccos Modified Eagles Medium (DMEM) and
Fetal Bovine Serum (FBS) were gained from BD Bioscience
Franklin lakes NJ and LPS (from Escherichia  coli serotype
0111-B4)  was  obtained  from  Sigma  (Madrid, Spain). The
TNF-" and IL-1$ ELISA kit were purchased from RapidBio Lab
(Calabasas, CA).

Animal models and drug treatments: Mice were randomly
divided  into  five  groups,  each  of  one  contains  10.  The
LPS-induced endotoxemia models were established by
intraperitoneally (i.p.) injecting 30  mg kgG1 purified LPS in
BALB/c mice. In the LPS group, the mice are with no treatment. 
Three  TPL  established  groups  are as follows: Low-dose
group:  with  1.0   mg  kgG1  TPL,  medium-dose  group: with
2.0  mg kgG1 TPL and high-dose group: 5.0  mg kgG1 TPL,
respectively, 30 min before LPS infusion13. The AS for the
control group, mice were injected with saline.

Sample   collection   and   detection   of  inflammatory
cytokines: Blood were taken through catheterization of
abdominal aorta at 0 and 30 min and 1, 2, 4 and 8 h following
the treatment of LPS. Subsequently, blood were collected in
3.8% sodium citrate  (1:10 v/v citrate/blood) and centrifuged
at 2000×g  for  15  min  at  4EC. Then the concentration of
serum  samples were isolated from clotted blood and stored
at -20EC  for further until assayed. Serum samples were
collected at 8 h after the treatment of LPS and stored at -20EC 
to determine the levels of alanine aminotransferase (ALT) and
Blood Urine Nitrogen (BUN).

Histopathology examination of liver and kidney: To
determine  the  extent  of  liver  and  renal  tissue  injury  in
LPS-induced endotoxemia and the protective effects of TPL.
The chest cavities of animals were opened and the livers and
kidneys were excised prior to collecting blood samples. After
that, livers and kidneys were fixed in 4% paraformaldehyde
overnight, dehydrated, embedded in paraffin and then sliced
into 5 mm thick sections. After deparaffinization with different
concentration gradient of alcohol, slices were stained by
Hematoxylin and Eosin (H and E). Pathological changes of the
liver and renal tissue were observed using an inverted
microscope.
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ALT and BUN assay in  vivo: The assay of serum levels of ALT
(the marker of  liver injury) and BUN (the marker of renal
injury) was performed, using a 7170A automatic analyzer
(HITACHI, Japan).

Serum TNF-" and IL-1$ assay: To assay the TNF-" and IL-1$
serum  was  collected  from  the five groups at 0 and 30 min
and  1,  2,  4  and  8  h.  And the concentrations were
determined by using quantitative sandwich enzymelinked
immunosorbent assay (ELISA) kits (RapidBio Lab., Calabasas,
CA) using commercial reagents following the manufactory’s
instruction.

TPL treatment on rat peripheral blood macrophages: In
order to evaluate the effect of  TPL on inflammatory cytokines,
a LPS-induced endotoxemia model was established  in vitro.
To obtain macrophages, monocytes were induced, which
were isolated from rat Peripheral Blood Mononuclear Cells
(PBMC)14. Then the macrophages were cultured in DMEM
contained  10%  heat-inactivated  FBS  at  37EC  under  a
humidified atmosphere of 5% CO2 for further study. 
Macrophages were seeded in 96-well plates at the density

of 1500 cells/well and DMEM contained 10%  (v) fetal bovine
serum was added to make the total volume of each well be
200 :L. After being treated with or without  2.0 mg kgG1 TPL
for 12 h and the cell-free supernatants were collected for
further  ELISA   each   3  h.  On  the  other group, macrophages
were  pre-cultured  for  12  h  without  treatment prior to
incubating with 0, 1.0, 2.0 and 5.0 mg kgG1 for another hour
and then correct the cell-free supernatants as well.

Statistical  analysis: All data were present as Mean±Standard
Deviation.  Differences  between  two groups were analyzed
by  one  way ANOVA analysis. The survival rate was analyzed
by Gehan-Breslow test. A p-value of <0.05 was considered
significant. Statistical analysis were done using SigmaPlot
software. 

RESULTS

Protective effect on LPS-induced endotoxemia: To evaluate
the protective effect of TPL on endotoxemia, a survival
experiment was performed for 7 days in LPS-induced
endotoxemia BALB/c mice treated with TPL. As the result
showed (Fig. 1), only six mice in the LPS-control group were
survived. In the TPL treatment group, the specific survival rate
after 7 days were 30% (6/20), 45% (9/20), 70% (14/20)
according to low, medium and high-dose   TPL   group.   To  be

Fig. 1: Survival analysis of BALB/c mice after injected LPS and
TPL. Death number of each group was monitored every
24 h in 7 days. Survival rate = total numbers-death
numbers/total number

specific,  the  first three days after LPS infusion the survival rate
of each  group  dropped abruptly, especially six mice of the
LPS  group  died  on day 3. Then the trend turned stable on
day  4.  Overall,  TPL treatment showed protective effect on
LPS-induced endotoxemia.

Effect  of  TPL  on  liver  and renal histological damage in
LPS-induced endotoxemia: In the control group, normal liver
histology  showed  that  hepatic  cord  arranged  was
organized  (Fig.  2a),  but after LPS administration liver
histology result showed a number of acidophile and
vacuolation of hepatocyte (Fig. 2b). Besides, under the
treatment  of  0.3  and 1  mg kgG1 TPL, respectively only a little
inflammation and cell injury situation was seen in liver
compared with the LPS-induced group (Fig. 2c, d). No obvious
differences were recognized between the 3  mg kgG1 TPL
treatment  group  and  the control group at the same time
(Fig. 2e).
As for the pathological analysis of renal, normal renal

histology showed clear structures of renal tubules and
glomeruli  (Fig. 3a), however, in the LPS group these structures
were  destroyed  and  degraded  (Fig.  3b).  The  staining
results of the 0.3 and 1  mg kgG1 TPL treatment group showed
that  several  structures  of  renal   tubules   and  glomeruli
were blurry compared to the control  (Fig. 3c, d).
Morphologically, there were no significant differences
between the 3  mg kgG1 TPL treatment group (Fig. 3e) and the
control group.
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Fig. 2(a-e): Pathological detection was stained by hematoxylin and eosin in the liver tissue, (a) Microphotograph of liver of the
control group , (b) Microphotograph of liver of the LPS-induced group. The increase of acidophile, severe inflammation
and vacuolation of hepatocytes were highlighted by black arrows in the liver and (c-e) Microphotograph of liver of
the TPL treatment groups (1.0, 2.0 and 5.0  mg kgG1), all figures magnification was 200×

Fig. 3(a-e): Pathological detection was stained by hematoxylin and eosin in the renal tissue, (a) Microphotograph of renal of the
control group, (b) Microphotograph of renal of the LPS-induced group. The structures of renal tubules and renal
glomeruli were destroyed and degraded, which were highlighted by black arrows in the renal and (c-e)
Microphotograph of renal of the TPL treatment groups (1.0, 2.0 and 5.0  mg kgG1), all figures magnification was 200×
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Fig. 4(a-b):Monitoring of organ function, (a) Alanine aminotransferase (ALT, a sign of liver injury) level in serum after 8 h
administration of LPS and TPL and (b) Blood urine nitrogen (BUN, a sign of renal injury) level in serum after 8 h
administration  of LPS and TPL. Data of ALT and BUN level were expressed as Mean±SD, *p<0.05 versus the LPS group
(n = 10), Control:  Saline  control   group,  LPS:  L PS-induced group, Low TPL: 1.0  mg kgG1 TPL+LPS group, Medium
TPL: 2.0  mg kgG1 TPL+LPS and High TPL: 5.0  mg kgG1 TPL+LPS

Effect of TPL on serum ALT and BUN level in LPS-induced
endotoxemia: The ALT and BUN level in serum were tested to
further evaluate the effect of TPL on LPS-induced liver and
renal damage. The result indicated that there were a
significant attenuation of  ALT and BUN in TPL treatment
group comparing with LPS-induced group (p<0.05, Fig. 4).
Serum   ALT    level     in     LPS-induced    group

(105.74±25.19 U LG1)  was    notably   elevated   compared
with control group (30.84±8.69 U LG1). Treatment with TPL
(low-does,  middle-dose  and  high-dose)  significantly
reduced serum ALT level (75.31±18.49, 66.23±13.81 and
46.31±12.94  U  LG1,   respectively)    compared    with    the
LPS-induced group (p<0.05, Fig. 4a).
The  similar  improvement  was  also  observed in the

assay of serum BUN level. In the LPS-induced group
(67.81±12.63 mmol LG1) and serum BUN level significantly
increased    compared     with     the     control   group
(14.58±3.77 mmol LG1). Importantly, treatment with TPL
(middle-dose  and  high-dose)  significantly   reduced  the
serum level of BUN (44.16±17.34, 30.19±10.83 and
21.37±6.75 mmol LG1,  respectively)   compared   with  the
LPS-induced group (p<0.05, Fig. 4b).

Effect of TPL on serum inflammatory cytokines in  vivo: To
investigate the inhibition of TPL on inflammatory cytokines
production of LPS-induced mice, TNF-" and IL-1$ were
detected. After LPS infusion, TNF-" and IL-1$ levels elevated
in a short time, while the control group was maintained in a
low and stable level (p<0.05). But TNF-" and IL-1$ levels were
effectively inhibited after 1 h  (p<0.05 vs. LPS group) (Fig. 5).

Effect of TPL on rat peripheral blood macrophages in vitro:
To further investigated the influence of TPL on inflammatory
cytokines, a rat peripheral blood macrophages cellular
inflammation model was used and TNF-" and IL-1$
production  were  determined.  It  can  see that the secretions
(TNF-"  and  IL-1$)  of  peripheral  blood  macrophages 
accumulated  over the course of culture without TPL (p<0.05
vs. control group) (Fig.  6). It is obviously that TPL inhibited
TNF-" and IL-1$ secretion compared with the LPS-induced
group (p<0.05).

DISCUSSION

The LPS stimulate cells to over release inflammatory
factors and lead to endotoxemia. Besides, the symptom of
endotoxemia would appear in various diseases, usually would
cause lethal septic shock, multiple organ failure or
disseminated intravascular coagulation. Therefore, one of the
strategies of curing endotoxemia was to reduce the over
production of pro-inflammatory factors and protect organs
from over inflammation caused by injuries. In the present
study, the effect of  TPL on survival rate and organ injuries
were verified in mice model. To have a better understanding
about the effect of TPL to suppress inflammatory factors, the
study was also monitored TNF-" and IL-$ level. It is speculated
that TPL may have therapeutic potential in curing
endotoxemia, through inhibiting inflammatory factors. 
In this study, LPS-induced endotoxemia was simulated by

injecting LPS in BALB/c mice. The LPS is the toxic component
of  endotoxin,   which   would   lead   to   severe  inflammatory 
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Fig. 5(a-b): Trend  of   serum   inflammatory   factors   in    vivo   with time, (a) Effect of intraperitoneal injections of saline, LPS,
1.0  mg kgG1 TPL+LPS, 2.0  mg kgG1 TPL+LPS and 5.0  mg kgG1 TPL+LPS on TNF-" level in serum in 8 h and (b) Effect
of intraperitoneal injections of saline, LPS, 1.0  mg kgG1 TPL+LPS, 2.0  mg kgG1 TPL+LPS and 5.0  mg kgG1 TPL+LPS on
IL-1$ level  in  serum  in  8  h.  Data  are  expressed  as  Mean±SD,  the  differences  of  respective  groups from the
LPS-induced  group  were  analyzed  by  one  way  ANOVA  at  the  exact  time  point,  *p<0.05  is considered
significant (n = 10) 

Fig. 6(a-b): Trend  of  serum  inflammatory  factors  in  vitro  with  time, (a) Effect of culture in saline, LPS, 1.0  mg kgG1 TPL+LPS,
2.0   mg  kgG1  TPL+LPS and 5.0  mg kgG1 TPL+LPS on TNF-" level in serum in 8 h and (b) Effect of culture in saline,
LPS, 1.0  mg kgG1 TPL+LPS, 2.0  mg kgG1 TPL+LPS and 5.0  mg kgG1 TPL+LPS on IL-1$ level in serum in 8 h. Data are
expressed as Mean±SD, the  differences  of  respective  groups  from  the  LPS-induced  group were analyzed by one
way ANOVA at the exact time point, *p<0.05 is considered significant (n = 5)

reaction finally  form  endotoxemia.  And LPS-induced
endotoxemia has a high mortality rate that exceeded 15%
clinical patient died for this15. In vivo experiment, high
mortality was an major sign of LPS-induced endotoxemia
models13 and a recent clinical study reported that the survival
rate  of  endotoxemia  could  only  maintain  at low level16.
Saito et al.17 found that the mortality of mice exceeded 30%
after injected LPS. So that high mortality and severe organ
damage of the LPS-induced group indicated an endotoxemia
model was created successfully (Fig. 1). On the other hand, the
survival rate in the TPL treatment groups was far more higher

than that in the LPS-induced group, which showed that TPL
had protective effect on LPS-induced endotoxemia. 
Results of ALT and BUN level demonstrated that TPL

decreased LPS-induced endotoxemia mortality by protecting
liver and renal function. Liver and renal are the detoxification
organs and so would damaged first when inflammation comes
out. Therefore, it was easy to find obvious morphological
changes such as glomerular atrophy in endotoxemia models
(Fig.  2 and 3). Organ injuries caused by endotoxemia had
been observed in many studies1,18,19. Besides, multi-organ
dysfunction  usually  came  with  mortality.  So,  it was of great
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importance to protect organ functions in the cure of
endotoxemia. Both morphological results and the decrease of
ALT and BUN level in administration groups showed the
effects of TPL in organs protection. It was reasonable to
believe that TPL successfully improved the survival rate by
protecting LPS-induced organ injuries. 
On the molecular level, release of endotoxin would

activate  macrophages  to  secrete  high  level  of  TNF-" and
IL-1$, resulting in endotoxemia. It was reported that the
accumulation of TNF-" would lead to the secondary
inflammatory  cascades20.  Simultaneously,  release   of  IL-1$
in  vivo  would also lead to hyperalgesia and mediator
neuroinflammation21,22. The TPL can inhibit the expression of
these inflammatory  cytokines23.  The reduction of  TNF-" and
IL-1$ in  vivo improved LPS-induced organ injury. As the
accumulation of pro-inflammatory cytokines could lead to
inflammatory cascades and results in organ failure and
mortality, many of them have been chosen as therapeutic
targets for endotoxemia. Speaking from the result, TPL
showed anti-inflammatory effect in  vivo  and successfully
suppressed the over production of TNF-" and IL-1$,
weakening the inflammation in liver and renal.

CONCLUSION

The TPL showed protective effect on LPS-induced
endotoxemia  and  it  showed improvement of liver and
kidney  function.  Moreover,   TPL   significantly  decreased
pro-inflammatory cytokines TNF-" and IL-1$ level.
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