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ABSTRACT  

 

Lipopolysaccharide (LPS) has been implicated as one of the major cause of 

Gram-negative bacteria-induced sepsis that are life-threatening syndromes occurring in 

intensive care unit patients. Many natural products derived from medicinal plants may 

contain therapeutic values on protecting endotoxemia-induced sepsis by virtue their 

ability to modulate multiple pro-inflammatory cytokines. In the present study, we show 

that Salvia Miltiorrhiza (SM) BUNGE or Danshen, used in treatment of various 

systemic and surgical infections in the hospitals of China, was able to block the lethal 

toxicity of LPS in mice via suppression of TNF-α release and protection on liver injury. 

The ability of SM to suppress LPS-induced TNF-α release is further confirmed by in 

vitro experiments conducted on human peripheral blood leukocytes (PBL) and the 

RAW 264.7 macrophage cell line. Immunophenotyping by flow cytometry shows 

improved T-helper cell (CD4) and T-suppressor cells (CD8) ratio in SM-treated PBL 

and splenocytes of LPS-challenged mice. The drop in plasma glutamate-pyruvate 

transaminase (GPT) induced by LPS provides evidence that SM can protect hepatic 

damage. The present study explains some known biological activities of SM, and 

supports the clinical application of SM in the prevention of inflammatory diseases 

induced by Gram-negative bacteria. 
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INTRODUCTION 

 

Gram-negative bacteria-induced sepsis often contributed to the large percentage of 

deaths occurs in hospitalized patients [1]. Most of the toxic manifestations induced by 

Gram-negative bacteria are caused by lipopolysaccharide (LPS); an endotoxin derives 

from the cell wall of Gram-negative bacteria, which is the component of the outer 

membranes of these organisms. The pathological manifestations attributed to LPS 

include circulatory shock, disseminated intravascular coagulation, and failure of 

numerous organs, including the central nervous system, heart, kidneys, gastrointestinal 

tract, lungs and liver [2-5]. Excessive release of proinflammatory cytokines including 

tumor necrosis factor alpha (TNF-α), interleukin 1 (IL-1), gamma interferon (IFN-γ) 

from the stimulated monocytes and tissue macrophages is said to be responsible for 

many of the pathological responses induced by LPS [4,6,7]. 

Antibiotic therapy does not prevent the toxic manifestations of LPS, and may even 

promote the release of LPS from bacteria [8,9].  Several clinical trails conducted with 

antagonists to TNF-α [10] failed to produce significant therapeutic benefits for septic 

patients partly because sepsis is not the result of the release of any one cytokines. 

Recent studies show that some natural products derived from medicinal plants may 

contain therapeutic values on protecting endoxemia-induced sepsis due to their ability 

to modulate multiple proinflammatory cytokines. Among the medicinal plants, 

anti-inflammatory substances derived cinnamon bark [11], biscoclaurine alkaloid 

cepharanthin [12] and naringin [13] have all been shown to be capable of blocking 

TNF-α release and the lethal shock induced by LPS. In attempt to search for natural 

components with protective properties of gram-negative bacterial infection, we have 

demonstrated that Salvia miltiorrhiza (SM) is also capable of suppressing the 

endotoxemia induced by LPS via suppression of TNF-α release and liver protection.  
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Salvia miltiorrhiza BUNGE or Danshen is officially listed in the Chinese 

Pharmacopenia and is best known for its unique application in the treatment of 

coronary heart diseases, hemorrhages, menstrual disorders and miscarriages, renal 

diseases, myocardial infarction and hypertension [14-17]. The protection of SM has 

been associated with its effects on cerebral edema, monoamines, neuropeptides, and 

neurotransmitter amino acids, thromboxane A2, peroxidation and downregulation of 

c-fos gene expression [18].  The plant is a rich source of polyphenols, with an excess of 

160 polyphenols has been identified [19,20]. The active constituents of SM can be 

classified into two groups. The first group consists of the phenolic compounds 

slavianolic acid and lithospermate B; and the second group consists of the abietane 

type-diterpene quinone pigments tanshinone I, tanshinone IIA, tanshinone IIB and the 

cryptotanshinone [19-21], rosmarinic acid and lithospermic acid [22]. The therapeutic 

effect of SM on heat stroke, myocardial ischemia and infarction has been largely 

attributed to the endothelium-dependent vasodilatory and hypertensive properties of 

the tanshinones [19-21] and lithospermic acid B [23]. The salvianoic acids A, B, and C 

of SM have also been shown to capable of protecting liver microsomes, hepatocytes 

and erythrocytes against oxidative damage [22] and recently showed to protect human 

neuroblastoma cells against cytotoxicity. Rosmarinic acid is a naturally occurring 

polyphenol with anti-oxidative and anti-inflammatory activities [25-27] and its salts are 

reported to have anti-HIV activities [28].   

SM or Danshen is frequently used as a decoction or intravenous injection in the 

treatment of various systemic and surgical infections in the hospitals of China. 

Successful outcomes have been observed in treating infections of hands and feet, 

erysipelas, ostemyelitis, matitis, cellulitis, otitis externa acute tonsillitis as well as 

infections of bone and joints but the anti-infection mechanistic actions have not been 

investigated. The present study sought to investigate the protective mechanisms of SM 
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on gram. By using an in vivo LPS-challenged mouse model, we have demonstrated that 

SM exhibits ant-inflammatory properties and suppressed the pro-inflammatory TNF-α 

cytokine release and liver damage induced by LPS in mice. The ability of SM to 

suppress LPS-induced pro-inflammatory TNF-α cytokine is further supported by the 

two separate in vitro experiments conducted with human peripheral blood leukocytes 

and macrophage RAW 264.7 cell line. The present study thus helps to explain some 

known therapeutic properties of SM.  
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MATERIALS AND METHODS 

 

Reagents 

The trade name of Salvia miltiorrhiza (SM) is H-care (batch no. 3HC1980808, 

supplied by Winsor Health Products Ltd., Hong Kong). Reagents for cell culture, 

TrizolTM, and PCR primers were purchased from Invitrogen (Carlsbad, Ca). 

Lipopolysaccharide (LPS) was purchased from Sigma (St. Louis, MO). ELISA kit for 

mouse TNF-α was purchased from Endogen (Woburn, MA). Anti-CD16/CD32, 

anti-CD3-fluorescein isothiocyanate (FITC), anti-CD4-phycoerythrin (PE), 

anti-CD8-PE antibodies, TMB substrate solution, ELISA kits for human TNF-α were 

supplied by PharMingen (San Diego, Ca). Buffy coats were obtained from Hong Kong 

Red Cross Blood Transfusion Service. Microplate reader was supplied by BioRad. 

The stock solution of Salvia miltiorrhiza was prepared by dissolving the dry SM 

capsule powder (10 mg/ml) in distilled water on a rolling plate for 30 minutes. The 

solution was centrifuged at 4,000 g for 20 minutes and the supernatant was further 

freeze-dried by Heto DryWinner (Denmark). The aqueous soluble fraction was 

collected after passing through a sterilized 0.22 μm filter.  

 

Mouse-treatment of SM and LPS 

Male BALB/c mice aged 6-8 wk were obtained from the animal house of the 

department of Zoology, the University of Hong Kong. All mice were kept at 22oC and 

55% relative humidity in a 12-hour day/night rhythm with free access to laboratory 

chow and water.  The mice were randomly divided into 2 groups of 12 animals and 

designated to receive orally either 0.3 ml of deionized water or SM (125 mg/kg/day) 

solution for a period of 38 days. The body weight of the animals was recorded every 

two days. After 38 days of oral feeding, half of the animals from each group received an 
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intraperitoneal injection of lipopolysaccharide (LPS) (20 mg/kg). The other half 

received 0.9% saline and was served as Control.  All experimental procedures were 

performed under license issued by the Government of Hong Kong SAR and endorsed 

by the Committee on the use of Live Animals in Teaching and Research of the 

University of Hong Kong. 

 

Biochemical analysis of blood samples in mouse 

After 24 hours of LPS injection, all mice were anesthetized with carbon dioxide and 

killed by exsanguination via heart puncture.  Blood were collected from the heart by 

using a 25-gauage syringe. The plasma was stored at 4°C until further analysis of 

TNF-α, lymphocyte subsets immunophenotyping and glutamate-pyurate transaminase 

(GPT) activity by ELISA, flow cytometry and spectrophotometry, respectively. 

 

Preparation of mouse peripheral blood leukocytes (PBL) and splenocytes 

Mouse peripheral blood leukocytes were isolated by using the red blood cell lysing 

buffer.  100 μl of blood sample was diluted (1:20) with red blood cell lysing buffer and 

placed at room temperature for 3 minutes. The mixture was centrifuged at 400 g for 5 

minutes and the supernatant was aspirated. The pellet contained the PBL was washed 

with phosphate buffer solution (PBS) and resuspended in 50 μl blocking buffer (PBS, 

1% BSA and 0.1% sodium azide) on ice.  

Splenocytes were prepared by dissociate the spleen in the cell strainer using a syringe 

plunger. The exudates were centrifuged at 400 g for 5 minutes and the red blood cells 

were removed by adding 2 ml of red blood cell lysing buffer. After washing with PBS, 

the splenocytes (1 x 106 cells) were resuspended in 50 μl blocking buffer on ice. 
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Immunophenotyping of mouse peripheral blood leukocytes and splenocytes by 

flow cytometry 

Mouse PBL and splenocytes were pre-incubated with 0.5 μg of anti-CD16/CD32 

antibody for 15 minutes on ice to block the Fc receptors. Their lymphocyte subsets 

(total-T (CD3), T-helper/inducer (CD4) and T-cytotoxic/suppressor (CD8)) were 

immunophenotyped with monoclonal antibodies conjugated with fluorochromes. The 

anti-CD3 (total T subset) antibody was conjugated with fluorescein isothiocyanate 

(FITC); the other two antibodies (CD4 and CD8) were conjugated with phycoerythrin 

(PE).  Briefly, 20 μl of monoclonal antibody was added to the cell suspension and the 

mixture was incubated in the dark for 30 minutes. Before flow cytometric analysis, 400 

μl of blocking buffer was added to the mixture.  

 

Determination of glutamate-pyurate transaminase (GPT) activity in mouse serum  

To determine glutamate-pyurate transaminase (GPT) activity in serum, 100 μl of 

serum was mixed with 500 μl of preincubated (37°C) GPT substrate solution (1.8 mM 

α-ketoglutarate and 200 mM DL-alanine in 0.1 M phosphate buffer, pH 7.2) in test tube. 

The mixture was then incubated in a water bath at 37°C for 30 minutes. 500 μl of 1 mM 

2,4-dinitrophenylhydrazine (DNP) was added and the mixture was placed at room 

temperature for 20 minutes. Finally, 5 ml of 0.4 M NaOH was added and kept at room 

temperature for 5 minutes for color development. Absorbance of the mixture was 

measured at 505 nm. 

 

The in vitro treatment of LPS and SM on human peripheral blood 

leukocytes (PBL)  
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Fresh human PBLs were isolated buffy coats obtained from healthy blood donors. 

Briefly, PBLs were prepared by using red blood cell lysing buffer (NH4Cl 0.83%, 

NaHCO3 0.084%, EDTA 0.003%). The blood was diluted (1:45) with red blood cell 

lysing buffer and placed at room temperature for 3 minutes. Then the mixture was 

centrifuged at 400 g for 5 minutes. The supernatant was decanted and the cell pellet was 

resuspended and washed twice in complete RPMI 1640 medium. The cells were 

counted by Coulter Multisizer and seeded at a cell density of 2 x 105 cells per well in 96 

well tissue culture plates. The cells were treated with or without LPS (10 μg/ml) and 

SM (0, 100 and 400 μg/ml) for 72 hours.  Supernatant was collected at 72 hours for 

TNF-α detection by ELISA. 

 

In vitro treatment of Raw 264.7 macrophage cell line with LPS and SM 

The Raw 264.7 macrophage cell line (originally from the American Type Culture 

Collection) was kindly donated by Dr. R.C.C. Chang (The University of Hong Kong, 

HKSAR, China). The cells were grown in 25cm2 flasks in DMEM containing 10% heat 

inactivated fetal bovine serum, 100 U/ml penicillin/streptomycin and 1% fungizone at 

37°C in 5% CO2 incubator. For all experiments, cells were grown to ~80% confluence 

and were subjected to no more than 25 cell passages. The cells (5 x 106 cells/25cm2 

flasks) were pre-incubated with SM (0, 100 and 400 μg/ml) for 16 hours before 

exposed to LPS (1 μg/ml). Supernatant and cells were collected 3 hours after exposure 

to LPS for the detection of TNF-α by ELISA and RT-PCR. 

 

ELISA assay for TNF-α measurement 

Commercial ELISA kits for mouse/human TNF-α were used. The cytokine 

production was analyzed by sandwich ELISA. Briefly, ELISA plates were coated with 

appropriate capture antibodies diluted in sodium bicarbonate buffer (0.1M, pH 9.5) 
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overnight at 4°C. Plates were washed five times with washing buffer (0.05% Tween-20 

in PBS) between steps. The wells were blocked with 200 μl of assay diluents (10% FBS 

in PBS) for 3 hours at room temperature and 100 μl of supernatant or serum were added 

and incubated for 2 hours. Next, 100 μl of the working detector (detection antibody and 

avidin-horseradish peroxidase conjugate) was added and incubated for 1 hour at room 

temperature. Finally, color development was achieved by enzymatic reaction brought 

by incubation with 100 μl TMB substrate solution for 30 minutes and the reaction was 

terminated by adding 50 μl of 2 M sulphuric acid. The absorbance was measured on a 

microplate reader at 450 nm. 

 

Analysis of TNF-α mRNA levels in Raw 264.7 macrophage cell line by RT-PCR 

Total RNA was isolated from Raw264.7 cells according to the instructions of the 

manufacturer. Briefly, cells were lysed by adding 2 ml of TrizolTM to the flask. Total 

RNA concentration was measured by spectrophotometry (absorbance at 260nm and 

280nm). The RNA preparation was controlled by minigel agarose electrophoresis with 

visualization of the 18S and 28S ribosomal RNA bands after ethidium bromide staining. 

One μg of total RNA from each sample was reverse transcribed in 20 μl of a reaction 

buffer containing reverse transcriptase from murine leukemia moloney virus (M-MLV 

RT). For PCR, 1 μl of cDNA was amplified by PCR by using the following specific 

primers: 

Gene   Primer sequences (5’-------> 3’)   

TNF-α   GGC CTT CCT ACC TTC AGA CC   

            AGC AAA AGA GGA GGC AAC AA 

GAPDH                GGT GAA GGT CGG TGT GAA CG         

          GGT AGG AAC ACG GAA GGC CA 

The reaction mixtures of TNF-α and GAPDH were subjected to 30 cycles and 25 
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cycles denaturation (95°C, 3 min) respectively, annealing for 30 s at 60°C and 

extension for 30 s at 72°C. A final extension was 10 min at 72°C. The amplicons were 

visualized on a 1.5% ethidium bromide stained agarose gel. Intensities of band were 

compared after visualization on an UV transilluminator and analyzed by Image Master 

Total Lab (Amersham pharmacia biotech).  

 

Statistical analysis 

Statistical significance of the data was determined by one-way analysis of variances 

(ANOVA). Results were compared by Student’s paired t test with a two-tailed 

probability value p< 0.05 taken as significant. 
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RESULT 

 

Protection of SM on LPS-induced body weight change  

Figure 1 shows that chroming feeding of SM did not affect the normal growth 

pattern of the animals throughout the feeding period. Thirty minutes post LPS injection, 

sign of reduced physical activities as well as shock symptoms such as bloody nose, 

anorexia and diarrhea were observed in all the animals. These classical pathological 

symptoms of LPS were however less apparent in animals with SM treatment.  The 

protective effect on LPS-induced toxicity is supported by the significant (p< 0.05) 

protection on the reduction of  body weight caused by LPS in the SM-treated mice as 

compared to the non-SM-treated animals. 

 

Suppression of SM on LPS-induced TNF-α level measured in mouse plasma, 

human peripheral blood leukocytes culture and Raw 264.7 macrophages. 

Since excessive release of the pro-inflammatory cytokine TNF-α is often associated 

with many of the pathological responses induced by LPS [7], we have detected its 

serum level 24 hours after LPS injection in the animals.  Figure 2 showed that the basal 

circulatory level of TNF-α in the control (non-LPS) mice was not affected by SM. 

Upon LPS challenge, the plasma level of TNF-α was enhanced by three-fold.  

LPS-induced elevation serum TNF-α in mice was significantly (p<0.05) reduced from 

146 pg/ml to 85 pg/ml with SM treatment.  

The ability of SM to reduce TNF-α release was further tested by carried out two 

independent in vitro experiments using different cells of the immune response.  Figure 

3 shows that the secretion of TNF-α was reduced (p< 0.01) by SM dose-dependently in 

both Control and LPS treated human peripheral blood leukocytes. At 100 μg/ml of SM, 
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the level of TNF-α reduced by 30% and 35% in the Control and LPS treated PBL, 

respectively. 

The ability of SM to suppress TNF-α  is further confirmed by the Raw264.7 

macrophages cell line. Figure 4A shows that only small amounts of TNF-α were 

detectable by the ELISA assay in the supernatant of the non-LPS treated Raw 264.7 

cells. Upon LPS challenge, the TNF-α level of the cultured macrophages cells (without 

SM treatment) was enhanced by three hundred-fold. SM at 100 μg/ml and 400 μg/ml 

dose level significantly suppressed the TNF-α release by 15% and 30%, respectively. 

Figure 4B presented the RT-PCR data indicating SM inhibits LPS-induced TNF-α 

release likely at the mRNA level. 

 

 

Elevation of CD4/CD8 ratio in spleen and peripheral blood mononuclear cells of 

LPS-treated mice by SM 

Challenging the BALB/c mice with LPS derived from Escherichia allowed us to 

assess both humoral and cell-mediated immune resistance. Immunophenotying by flow 

cytometry of both peripheral blood T-lymphocytes and splenocytes clearly illustrated 

that mice receiving SM treatment manifested a lower degree of injury upon LPS 

challenge. Following LPS challenge, the absolute lymphopenia of CD3+ lymphocytes 

was observed. Upon stimulation of LPS, there is usually a massive decline in CD4+ T 

helper cells with the CD8+ T cytotoxic cells either remain unchanged or elevated (Ertel 

and Faist, 1989). This leads to a conversion of the CD4/CD8 ratio to decrease 

dramatically.  In this study, we found that LPS induced similar changes in both 

T-lymphocytes (Table 1) and splenocytes (Table 2) as shown by a decrease in CD4+ 

and CD8+ cells accompanied by a decrease in the CD4/CD8 ratio.  
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Suppression of LPS-induced GPT Level by SM 

Plasma glutamate-pyruvate transaminase (GPT) level was used as an index of 

hepatotoxicity. Figure 5 shows that the plasma GPT level of the non-SM (Control) and 

SM fed healthy mice (SM) was similar. LPS induced an 8-fold increase of the liver 

GPT level in the non-SM treated mice and this elevation was significantly lowered with 

SM treatment.  The liver LPS-induced GPT elevation level was significantly lower in 

the SM treated mice (156.32 ± 1.45 unit) as compared to the non SM treated mice 

(386.32 ± 2.14 unit). 

 14



DISCUSSION 

 

Endotoxin has been recognized as one of the major causes of Gram-negative 

bacteria-induced sepsis that are life-threatening syndromes occurring often in intensive 

care unit patients [3,29]. The pro-inflammatory cytokines tumor necrosis factor-α and 

interleukin–1α have been implicated as principal mediators during endotoxemia [6,30]. 

Infusion of high doses of these mediators results in severe tissue damage, organ failure 

and death [6,7]. TNF-α is regarded as the main executor of many deleterious effects of 

endotoxaemia and an important marker of severity in sepsis [29] and dysfunction 

[4,6,30]. 

Recently, Salvia miltiorrhiza BUNGE or Danshen attracts many scientists because 

of its many tanshinones and phenolic compounds exhibit diverse biological activities 

such as anti-inflammatory, anti-bacterial, antitumor, antioxidant, and anti-mutagenesis 

[16,29,31-35].  By using the LPS-induced endotoexomia animal model, this is the first 

report to reveal that the anti-inflammatory properties of SM involves suppression of the 

pro-inflammatory cytokine tumor necrosis factor alpha, improvement of T-cell 

immunity and protection of liver injury. The ability of SM to suppress LPS-induced 

TNF-α release is further supported by its dose-dependent lowering effect observed with 

the isolated human peripheral blood leukocytes (Figure 3) and Raw264.1 macrophages 

cell line (Figure 4) in vitro.  To what extents the control of TNF-α release by SM 

contributed to the execution of the many deleterious effects of endotoxaemia observed 

in this study has yet to be determined. The inhibition on pro-inflammatory cytokine 

TNF-α activity, however, has been regarded as an important anti-atherosclerotic 

property of SM in treatment of acute coronary syndromes [36].  Both aqueous ethanolic 

extract (SME) and the water-soluble antioxidant, savianolic acid B (Sal B) of SM, have 
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been shown to inhibit TNF-α induction on nuclear factor kappa B (NF-κB) expression 

in human aortic endothelial cells (HAECs) line [37]. 

Immunophenotyping by flow cytometry of both peripheral blood leukocytes and 

splenocytes in mice illustrated for the first time that SM can play an important role in 

cell-mediated immune resistance. Following endotoxin challenge, the absolute 

lymphopenia of CD3+ lymphocytes was observed. In both splenocytes and 

T-lymphocytes, the helper cell (CD4+) and suppressor cell (CD8+) populations were 

greatly reduced after LPS treatment with the CD4+ population decreased in a greater 

extent than CD8+. The absolute percentages of lymphocyte subsets from spleen and 

blood were slightly different and their response to SM treatment was not identical.  On 

the whole, SM improved the CD4+/CD8+ ratio; and this ratio of lymphocytes in the 

blood were more sensitive to both LPS and SM than that of the spleen. 

The mechanism(s) by which SM protects LPS-induced deletion of the T-helper cells 

(CD4) observed in this study is unknown. Deletion of T-lymphocytes is often resulted 

from programmed cell death caused by several adverse conditions such as ligation of 

Fas/APO-1/CD95, CD30, TNF receptor, and cytotoxic T lymphocyte antigen on T cells 

[38]. On one hand, the lymphocytes require to receive the corresponding signals to 

mount a productive immune response such as to produce cytotoxic T-cells (CD8) to 

destroy antigen-bearing target or secrete soluble cytokines.  On the other hand, failure to 

provide the proper signals could either abort or imbalance such immune response. 

Among the many active components, both rosmarinic acid and tanshinones of SM are 

likely candidates. It has been suggested that rosmarinic acid can affect the mediation of 

T-cells through suppression on the inflammatory eicosanoids and free radicals, both of 

which have been showed to inhibit lymphocyte proliferation [39,40]. At concentrations 

of 10-5-10-3M [26], rosmarinic acid has been shown to inhibit the formation of the 

inflammatory eicosanoids such as the 5-hyroxy-6, 8, 11, 14-eicosatetraenoic acid 
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(5-HETE) and leukotriene B4 (LTB4) (5-lipooxygenase products).  Rosmarinic acid has 

been considered as a new inhibitor of complement C3-convertase with 

anti-inflammatory activity [25].  It can inhibit cytokine-induced proliferation of murine 

mesangial cells and suppress c-myc mRNA expression in PDGF-stimulated mesangial 

cells [27]. The tanshinones and crypotanshinone of SM, on the other hand, can favor the 

T-cell specific immune defense of the mice either by promoting differentiation or 

rescuing deletion of the T-helper cells (CD4), or both, via suppression of LPS-induced 

nitric oxide (NO) production. NO is synthesized via the oxidation of arginine, by a 

family of nitric acid synthases (NOS), and plays a vital role in apoptotic cell death 

pathways of LPS. Several tanshinones and crypotanshinone have been shown to be 

capable of reducing LPS-induced NO production and interfering with the expression of 

the molecular target genes NOS, NF-κB, and ERK that are involved in the apoptotic 

signaling pathway of LPS in the Raw 264.7 macrophages [41,42].  

The glutamate-pyruvate transaminase (GTP) is a cytosolic enzyme of the liver cells. 

The increase plasma level of GTP is often associated with hepatic necrosis [43-45] and 

the cell death process is accompanied by plasma membrane permeability increase 

[46-49]. Oral feeding of SM had no adverse effect on the plasma glutamate-pyruvate 

transaminase of the healthy animals. LPS challenge significantly elevated a 4-fold 

increase of the GPT activity as compared to the control. SM reduced LPS-induced GPT 

elevation and a 275 SF unit/ml detected difference was observed between the SM-treated 

and non SM-treated mice. The reduction of GPT by SM indicates its protective potential 

on liver injury.  In recent finding, it has been shown that SM is capable of protecting liver 

fibrosis via its ability to suppress many of the fibrosis-related genes including the 

α-smooth muscle growth factor, connective tissue growth factor, and tissue inhibitor of 

metalloproteinase-1 [35]. The protection of lipopolysaccharide-induced hepatic damage 

has been demonstrated by other medicinal plant components including edaravone [43], 
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gentiopicroside [50], Hibiscus protocatechuic acid [51]. Their common mechanisms are 

suppression of the inflammatory cytokine and reduction in necrosis of the liver caused by 

the oxidative stress. Whether SM protected LPS-induced liver damage was via its 

scavenging effect on superoxide and inhibition on TNF-α release remains to be 

determined.  

In conclusion, the information provided in the current study helps to explain some of 

the clinical benefits of Salvia miltiorrhiza (commercial name H-care) observed during 

treatments of bacterial infection in hospitals. The anti-inflammatory mechanism of 

actions of SM includes modifying of both humoral immunity and non-specific immunity 

as well as alleviating hepatotoxicity. Further studies are, however, warranted to identify 

the individual active compounds that are responsible for the immunoregulatory activities 

of Salvia miltiorrhiza BUNGE. 

 

ACKNOWLEDGMENTS 

 

This work was supported in part by The Hong Kong Health Care Association LTD, 

Hong Kong and grant-in-aid for scientific research CRGC #18812011 from The 

University of Hong Kong. 

 18



REFERENCES 

 

1 Bone RC. The pathogenesis of sepsis. Ann Intern Med 1991;115(6):457-69.  

2 Parrillo JE. Pathogenetic mechanisms of septic shock. N Engl J Med 

1993;328(20):1471-7. 

3 Calandra T, Baumgartner JD, Grau GE, Wu MM, Lambert PH, Schellekens J, et 

al. Prognostic values of tumor necrosis factor/cachectin, interleukin-1, 

interferon-alpha, and interferon-gamma in the serum of patients with septic 

shock. J Infect Dis 1990;161(5):982-7. 

4 Pinsky MR, Vincent JL, Deviere J, Alegre M, Kahn RJ, Dupont E. Serum 

cytokine levels in human spetic shock: Relation to multiple system organ failure 

and mortality. Chest 1993;103: 562-575.  

5 Waage A, Brandtzaeg P, Halstensen A, Kierulf P, Espevik T. The complex 

pattern of cytokines in serum from patients with meningococcal septic shock. 

Association between interleukin 6, interleukin 1, and fatal outcome. J Exp Med 

1989;169(1):333-8.  

6 Tracey KJ, Beutler B, Lowry SF, Merryweather J, Wolpe S, Milsark IW, et al.  

Shock and tissue injury induced by recombinant human cachectin. Science 

1986;234(4775): 470-4. 

7 Beulter B, Cerami A. Cachectin and tumor necrosis factor as two sides of the 

same biological coin. Nature 1986;320: 584-588. 

8 Dofferhoff ASM, Buys J. Effects antibodies on endotoxin release. IN: Vincent 

J-L (ed) Yearbook of intensive care and emergency medicine. Springer, Berlin 

Heidelberg New York; 1995. P. 465-72. 

9 Hurley JC. Antibiotic-induced release of endotoxin: a reappraisal. Clin Infect Dis 

1992;15(5):840-54.  

 19



10 Fisher CJ Jr, Dhainaut JF, Opal SM, Pribble JP, Balk RA, Slotman GJ, et al. 

Recombinant human interleukin 1 receptor antagonist in the treatment of patients 

with sepsis syndrome. Results from a randomized, double-blind, 

placebo-controlled trial. Phase III rhIL-1ra Sepsis Syndrome Study Group. 

JAMA 1994;271(23):1836-43.  

 11 Azumi S, Tanimura A, Tanamato K. A novel inhibitor of bacterial endotoxin 

derived from cinnamon bark. Biochem Biophys Res Commun 

1997;234(2):506-10.  

 12 Maruyama H, Kikuchi S, Kawaguchi K, Hasunuma R, Ono M, Ohbu M, 

Kumazawa Y. Suppression of lethal toxicity of endotoxin by biscoclaurine 

alkaloid cepharanthin. Shock 2000;13:160-165. 

13 Kawaguchi K, Kikuchi S, Hasegawa H, Morita H, Kumazawa Y. Suppression of 

lipopolysaccharide-induced tumor necrosis factor-release and liver injury in mice 

by naringin. Eur J Pharmacol 1999;368(2-3):245-50. 

14 Lei XL, Chiou GC. Studies on cardiovascular actions of Salvia miltiorrhiza.  Am 

J Chin Med. 1986;14(1-2):26-32.  

15 Wang N, Luo HW, Niwa M, Ji J. A new platelet aggregation inhibitor from 

Salvia miltiorrhiza. Planta Med. 1989;55(4):390-1.  

16 Kang DG, Oh H, Sohn EJ, Hur TY, Lee KC, Kim KJ, et al. Lithospermic acid B 

isolated from Salvia miltiorrhiza ameliorates ischemia/reperfusion-induced renal 

injury in rats. Life Sci 2004;75: 1801-16. 

17 Sun J, Huang SH, Tan BK, Whiteman M, Zhu YC, Wu YJ, et al. Effects of 

purified herbal extract of Salvia miltiorrhiza on ischemic rat myocardium after 

acute myocardial infarction. Life Sci 2005;76: 2849-69. 

 20



18 Kuang PG, Pu CQ, Liu Z, Yin WM, Zhang FY, Liu YN. 1986. Cerebral 

infarction in a bilateral common carotid artery ligation model protected by radix 

Salviae miltiorrhizae. J Tradit Chin Med 1986;(2):121-4.  

19 Lu Y, Foo LY. Polyphenolics of Salvia. Phytochemistry 2002;59(2): 117-40. 

20 Ryu SY, Lee CO, Choi SU. In vitro cytotoxicity of tanshinones from Salvia 

miltiorrhiza. Planta Med 1997;63(4):339-42. 

21 Shi Z, He J, Yao T, Chang W, Zhao M. Simultaneous determination of 

cryptotanshinone, tanshinone I and tanshinone IIA in traditional Chinese 

medicinal preparations containing Radix salvia miltiorrhiza by HPLC. J Pharm 

Biomed Anal 2005;37(3):481-6. 

22 Chen H, Chen F, Zhang YL, Song JY. Tanshinone production in Ti-transformed 

Salvia miltiorrhiza cell suspension cultures. J Biotechnol 1997;58(3):147-56.  

23. Kamata K, Noguchi M, Nagai M. Hypotensive effects of lithospermic acid B 

isolated from the extract of Salviae miltiorrhizae Radix in the rat. Gen Pharmacol 

1994;25(1):69-73. 

24 Liu GT, Zhang TM, Wang BE, Wang YW. Protective action of seven natural 

phenolic compounds against peroxidative damage to biomembranes. Biochem 

Pharmacol 1992;43(2):147-52. 

25 Englberger W, Hadding U, Etschenberg E, Graf E, Leyck S, Winkelmann J, 

Parnham MJ. Rosmarinic acid: a new inhibitor of complement C3-convertase 

with anti-inflammatory activity. Int J Immunopharmacol 1988;10(6):729-37. 

26 Kimura Y, Okuda H, Okuda T, Hatano T, Arichi S. Studies on the activities of 

tannins and related compounds, X. Effects of caffeetannins and related 

compounds on arachidonate metabolism in human polymorphonuclear 

leukocytes. J Nat Prod 1987;50(3):392-9.  

 21



 27 Makino T, Ono T, Muso E, Yoshida H, Honda G, Sasayama S. Inhibitory effects 

of rosmarinic acid on the proliferation of cultured murine mesangial cells. 

Nephrol Dial Transplant 2000;15(8):1140-5. 

28 Mazumder A, Neamati N, Sunder S, Schulz J, Pertz H, Eich E, Pommier Y. 

Curcumin analogs with altered potencies against HIV-1 integrase as probes for 

biochemical mechanisms of drug action. J Med Chem 1997;40(19):3057-63. 

29 Waage A, Halstensen A, Espevik T. Association between tumour necrosis factor 

in serum and fatal outcome in patients with meningococcal disease. Lancet 

1987;14: 355-7. 

30 Deitch EA. Multiple organ failure. Pathophysiology and potential future therapy. 

Ann Surg 1992;216(2):117-34. 

31 Kim SY, Moon TC, Chang HW, Son KH, Kang SS, Kim HP. Effects of 

tanshinone I isolated from Salvia miltiorrhiza bunge on arachidonic acid 

metabolism and in vivo inflammatory responses. Phytother Res 

2002;16(7):616-20.  

32 Kang BY, Chung SW, Kim SH, Ryu SY, Kim TS. Inhibition of interleukin-12 

and interferon-gamma production in immune cells by tanshinones from Salvia 

miltiorrhiza. Immunopharmacology 2000;49(3):355-61.  

33. Sato M, Sato T, Ose Y, Nagase H, Kito H, Sakai Y. Modulating effect of 

tanshinones on mutagenic activity of Trp-P-1 and benzo[a]pyrene in Salmonella 

typhimurium. Mutat Res 1992;265(2):149-54.  

34.   Cao EH, Liu XQ, Wang JJ, Xu NF. Effect of natural antioxidant tanshinone II-A 

on DNA damage by lipid peroxidation in liver cells. Free Radic Biol Med 

1996;20(6):801-6. 

35 Hsu YC, Lin YL, Chiu YT, Shiao MS, Lee CY, Huang YT. Antifibrotic effects of 

Salvia miltiorrhiza on dimethylnitrosamine-intoxicated rats. J Biomed Sci 

 22



2005;12(1):185-95.  

36 Tomasdottir H, Hjartarson H, Ricksten A, Wasslavik C, Bengtsson A, Ricksten 

SE. Tumor necrosis factor gene polymorphism is associated with enhanced 

systemic inflammatory response and increased cardiopulmonary morbidity after 

cardiac surgery. Anesth Analg 2003;97(4):944-9.  

37 Chen YH, Lin SJ, Ku HH, Shiao MS, Lin FY, Chen JW, Chen YL. Salvianolic 

acid B attenuates VCAM-1 and ICAM-1 expression in TNF-alpha-treated human 

aortic endothelial cells. J Cell Biochem 2001;82(3):512-21. 

38 Cohen DJ, Tian Y, Ooi BS, Henkart PA. Differential effects of costimulator 

signals and interleukin-2 on T cell receptor-mediated cell death of resting and 

activated CD4+ murine splenic T cells. Transplantation 1996;61(3):486-91. 

39 Ertel W, Morrison MH, Meldrum DR, Ayala A, Chaudry IH. Ibuprofen restores 

cellular immunity and decreases susceptibility to sepsis following hemorrhage. J 

Surg Res 1992;53(1):55-61.  

40 Rodrick ML, Moss NM, Grbic JT, Revhaug A, O'Dwyer ST, Michie HR, et al. 

Effects of in vivo endotoxin infusions on in vitro cellular immune responses in 

humans. J Clin Immunol 1992;12(6):440-50. 

41 Dittmann K, Gerhauser C, Klimo K, Hamburger M. HPLC-based activity 

profiling of Salvia miltiorrhiza for MAO A and iNOS inhibitory activities. Planta 

Med 2004;70(10):909-13. 

42 Choi HS, Cho DI, Choi HK, Im SY, Ryu SY, Kim KM. Molecular mechanisms 

of inhibitory activities of tanshinones on lipopolysaccharide-induced nitric oxide 

generation in RAW 264.7 cells. Arch Pharm Res 2004;27(12):1233-7. 

43 Kono H, Asakawa M, Fujii H, Maki A, Amemiya H, Yamamoto M, Matsuda M, 

Matsumoto Y. Edaravone, a novel free radical scavenger, prevents liver injury 

 23



and mortality in rats administered endotoxin. J Pharmacol Exp Ther 

2003;307(1):74-82. 

44 Jaeschke H. Glutathione disulfide formation and oxidant stress during 

acetaminophen-induced hepatotoxicity in mice in vivo: the protective effect of 

allopurinol. J Pharmacol Exp Ther 1990;255(3):935-41.  

45 Moulin F, Copple BL, Ganey PE, Roth RA. Hepatic and extrahepatic factors 

critical for liver injury during lipopolysaccharide exposure. Am J Physiol 

Gastrointest Liver Physiol 2001;281(6):G1423-31.  

46. Muriel P, Garciapina T, Perez-Alvarez V, Mourelle M. Silymarin protects 

against paracetamol-induced lipid peroxidation and liver damage. J Appl Toxicol 

1992;12(6):439-42.  

47. Hazelton GA, Hjelle JJ, Klaassen CD. Effects of cysteine pro-drugs on 

acetaminophen-induced hepatotoxicity. J Pharmacol Exp Ther 

1986;237(1):341-9. 

48. Martinelli AL, Meneghelli UG, Zucoloto S, Lima SO. Effect of the intake of an 

exclusive sucrose diet on acetaminopen hepatotoxicity in rats. Braz J Med Biol 

Res 1989;22(11):1381-7.  

49. Yamada S, Murawaki Y, Kawasaki H. Preventive effect of gomisin A, a lignan 

component of shizandra fruits, on acetaminophen-induced heapatotoxicity in rats. 

Biochem Pharmacol 1993;46(6):1081-5. 

50. Kondo Y, Takano F, Hojo H. Suppression of chemically and immunologically 

induced hepatic injuries by gentiopicroside in mice. Planta Med 

1994;60(5):414-6. 

51. Lin WL, Hsieh YJ, Chou FP, Wang CJ, Cheng MT, Tseng TH. Hibiscus 

protocatechuic acid inhibits lipopolysaccharide-induced rat hepatic damge. Arch 

Toxicol 2003;77(1):42-7.  

 24



 

 25



Legend 
 

FIG. 1. Effect of Salvia Miltiorrhiza on mouse body weight. Male BALB/c mice 

were orally fed with or without Salvia Miltiorrhiza (SM) (125 mg/kg/day) for a total of 

39 days. On day-38, half of the animals received intraperitoneal injection of LPS (20 

mg/kg) and the other half received 0.9% saline. Data are mean ± SEM for twelve and 

six mice per group before and after day 39, respectively. * p<0.05 vs Control+LPS.  

 

FIG. 2. Effect of Salvia Miltiorrhiza on TNF-α expression in mouse peripheral 

blood leukocytes. Male BALB/c mice were orally fed with or without Salvia 

Miltiorrhiza (SM) (125 mg/kg/day) for 39 days. On day 38, half of the animals received 

intraperitoneal injection of LPS (20 mg/kg) and the other half received 0.9% saline. 

Peripheral blood leukocytes were isolated and their expression of TNF-α was 

determined by ELISA. Data are mean ± SEM for six mice/group. * p<0.001 as 

compared with Control group (no SM).  

 

FIG. 3. Effect of Salvia Miltiorrhiza on TNF-α expression in human peripheral 

blood leukocytes. Human peripheral blood leukocytes were treated with or without 

LPS (10 μg/ml) and Salvia Miltiorrhiza (SM) (0, 100 and 400 μg/ml) for up to 72 hours. 

Supernatants were collected and TNF-α expression was determined by ELISA. Data 

are mean ± SEM (n=12). *, ** p<0.05, 0.01, respectively as compared with 0 μg/ml of 

SM treatment. 

 

FIG. 4. Effect of Salvia Miltiorrhiza on TNF-α expression in Raw 264.7 

macrophages. Raw 264.7 macrophages were pre-incubated in the presence of Salvia 

Miltiorrhiza (SM) (0, 100 and 400 μg/ml) for 16 hours and subsequently treated with or 

 26



 27

without LPS (1 μg/ml). Cells and supernatants were collected at 3 hours after exposure 

to LPS. (A) TNF-α expression was determined by ELISA. Data are mean ± SEM (n=6). 

*, *** p<0.05, 0.001, respectively as compared with 0 μg/ml of SM treatment. (B) 

TNF-α expression was determined by RT-PCR and the amount of RNA loaded in each 

lane was confirmed by GAPDH mRNA.  

 

 

FIG. 5. Effect of Salvia Miltiorrhiza on mouse plasma level of glutamate-pyruvate 

transaminase. Male BALB/c mice were orally fed with or without Salvia Miltiorrhiza 

(SM) (125 mg/kg/day) for 39 days. On day 38, half of the animals received 

intraperitoneal injection of LPS (20 mg/kg) and the other half received 0.9% saline. 

Glutamate-pyruvate transaminase (GPT) level in serum was analyzed as mentioned in 

Materials and Methods. Data are mean ± SEM for six mice/group. * p< 0.001 as 

compared with non-LPS group. 
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Table 1. Effects of Salvia miltiorrhiza on the mouse T-lymphocytes subpopulation challenged by LPS

Male BALB/c mice were orally fed with or without Salvia Miltiorrhiza (SM) (125 mg/kg/day) for 40 days. On day
38, half of the animals received intraperitoneal injection of LPS (20 mg/kg) and the other half received 0.9% saline.
Mouse peripheral blood leukocytes were isolated as described in Materials and Methods. Immunophenotype
determination was carried out by flow cytometry.
Data are mean ± SEM for six mice/group.
*p<0.05 vs Control group

1.89 ± 0.0417.38 ± 0.71 41.14 ± 3.03 5.74 ± 0.19

         CD8                CD4          CD4/CD8               CD8               CD4            CD4/CD8 

Control

Non-LPS LPS   Treatment

10.84 ± 0.452.36 ± 0.09
2.43 ± 0.14*13.95 ± 0.55SM 16.63 ± 0.60 46.49 ± 1.38 5.78 ± 0.27 2.80  ±  0.03

% Lymphocyte subset % Lymphocyte subset



Table 2. Effects of Salvia miltiorrhiza the mouse Splenocytes subpopulation challenged by LPS

Male BALB/c mice were orally fed with or without Salvia Miltiorrhiza (SM) (125 mg/kg/day) for 40 days.
On day 38, half of the animals received intraperitoneal injection of LPS (20 mg/kg) and the other half
received 0.9% saline. Mouse splenocytes were isolated as described in Materials and Methods.
Immunophenotype determination was carried out by flow cytometry.
Data are mean ± SEM for six mice/group.
***p<0.001 vs Control group

17.45 ± 0.50 30.02 ± 0.67 1.72 ± 0.03***SM 17.72 ± 1.35 33.72 ± 2.05 1.97 ± 0.04
1.29 ± 0.02Control 16.47 ± 0.70 33.54 ± 1.18 2.03 ± 0.02 19.63 ± 1.12 25.16 ± 0.78

      CD8                   CD4              CD4/CD8          CD8                   CD4             CD4/CD8  

Non-LPS LPS   Treatment

% Lymphocyte subset % Lymphocyte subset


