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Abstract: In this study, we evaluated the effects of taurine against Aβ1-40 -induced neurotoxicity in vivo and in vitro experiments. 

Rats received an intracerebroventricular fusion of Aβ1-40 and were given taurine by intragastric administration. Then behavioral 

performance was assessed, which revealed that 3.2, 4.79mmol/kg taurine treatment promoted positive cognitive effects in Aβ1-40-induced 

rats. Further, an Aβ1-40-induced toxicity in human neuroblastoma SH-SY5Y cell model was used for investigating the mechanisms of 

taurine. Exposure of SH-SY5Y cells to Aβ1-40 caused cell apoptosis, reduction in cell viability and mitochondrial membrane potential  

(
△
Ψ m). Pretreatment of the cells with 8, 20mmol/L taurine before Aβ1-40 exposure significantly attenuated those changes in a dose-

dependent manner. These results show that taurine has significant protective effects against Aβ1-40 -induced toxicity in rats and SH-
SY5Y cells, and the action mechanism may be associated with up-regulating mitochondrial membrane potential. 
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1. Introduction 

Alzheimer’s disease (AD) is a neurodegenerative 

disorder characterized by global cognitive decline 

including progressive memory, learning and 

reasoning impairment. This gradual decline of these 

abilities corresponds with the presence of senile 

plaques, neuronal loss and neurofibrillary tangles[1-

3]. The pathogenesis of AD , such as Aβ toxicity, Tau 

hyperphosphorylation, cholinergic disorder, has not 

been completely clarified. Studies have revealed 

evidence for a possible and central causative role of 

Aβ which is implicated with mitochondrial 

dysfunction in AD. 

Taurine is a sulfur containing amino acid, which is 

in substantial amounts in central nervous system. 

Taurine has been demonstrated to be involved in 

many important physiological functions and have 

neuroprotective properties[4,5]. In AD a decrease in 

taurine concentration has been provided in the brain 

of the AD patients. Moreover, it has been indicated 

that taurine prevents the neurotoxicity of A β and that 

the protection is related to the activation of GABAA 

receptors[6]. As mentioned above, we hypothesized 

that taurine could be both alleviating symptoms of 

AD, and protecting the neurons. In order to test our 

hypothesis, we used the rats model and cell model of 

AD induced by Aβ1-40, and examined the effects of 

taurine against Aβ1-40-induced toxicity in SD rats and 

SH-SY5Y cells.  

2. Material and methods 

2.1. Animals and Cell line 

 Eighty-four adult male Sprague-Dawley mice 

(200±20g) were purchased from the Experiment 

Animal Center of Qingdao Drug Inspection Institute. 

Animals were acclimatized for 1 week before the 

onset of the experiments and were allowed free 

access to food and water. All procedures were carried 

out in accordance with the National Institutes of 

Health Guide for Care and Use of Laboratory 

Animals and were approved by the Ethics Committee 

of Qingdao University Medical College. 

The SH-SY5Y human neuroblastoma cell line was 

obtained from Peking Union Medical College. 

 

2.2. Drugs and reagents 

Taurine, Aβ1-40, Hoechest 33258, 3-(4, 5-

dimethylthiazol-2-yl) -2, 5-diphenyltetrazolium 

bromide (MTT) and Rhodamine123 were all 

purchased from Sigma Chemical Co in the United 

States, and DMEM medium from HyClone in the 

United States. The purity of tautine was analyzed by 

HPLC (>95%). Aβ1-40 was dissolved in sterile saline 

(1mM) and aggregated by incubation at 37°C for 7 

days before use. All other chemicals were of analytic 

grade. 

 

2.3. Instruments and equipments 

Morris water maze was made by Institute of 

Materia Medica of Chinese Academy of Medical 

Sciences. Stereotaxic instrument was made by 

Narishige. The ELISA reader was made by America 

Bio-Rad. Flow cytometer was made by BD 

Biosciences, San Jose, CA. 

 

2.4. Grouping and Establishment of AD model 
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SD rats were randomized into 7 groups, with 12 

rats in each group: control group, sham group, model 

group, positive group, taurine group (4.79, 3.2, 

1.6mmol/kg). After 7 days breeding, the rats were 

given normal saline by intragastric administration in 

control group, sham group and model group. The rats 

of positive drug group were given Hup A in the dose 

of 0.66μmol/kg. The rats of taurine groups were 

given taurine by intragastric administration in its 

respective dose (4.79, 3.2, 1.6mmol/kg). 

On the 11
th

 day, SD rats were anesthetized with 

Chloral hydrate 10% (3.5ml/kg) and mounted in a 

stereotaxic apparatus. Intracerebroventricular 

administration of Aβ was carried out with the 

procedure described previously[7]. The aggregated 

of Aβ1-40 (5μl) or sterile saline was administered at 

the speed of 1μl/min into the right lateral ventricle 

with the following coordinates: -3.0mm 

anteroposterior, -2.2mm later to bregma, and ﹣
2.8mm ventral to the skull surface[8]. The 

microsyringe was held for 5 min for adequate 

dispersion of Aβ1-40. After surgery, rats would be 

given Huperzine A, taurine or normal saline by 

intragastric administration continuously until the end 

of the experiment. 

 

2.5. Behavioral study 

Learning and memory abilities of rats were 

assessed by the Morris water maze (MWM) test, 

which was consisted of a round pool and automatical 

analysis systems. The pool, which was filled with 

water at a temperature of 25.0±1°C to avoid 

hypothermia as described previously[9]with minor 

modifications, was divided equally into four 

quadrants. The platform (10cm in diameter), which is 

submerged approximately 1.0cm below the surface 

of the water, is in the center of the third quadrant 

keeping a distance of 30cm from pool wall. 

The rats were trained twice a day with an interval 

of 6 hours for consecutive 4 days. In each trial, the 

time that was required to escape onto the hidden 

platform was recorded as escape latency. On the next 

day of training (day 6), a probe trial was performed. 

In the probe trial, the time spent in the target 

quadrant, where the platform had been located during 

training, and the times rats traversed the quadrant 

were measured. Through the test, all the objects 

around the pool were kept invariable. The results 

were analyzed by a behavior software system.  

 

2.6. Cell culture and experimental treatment 

SH-SY5Y neuroblastoma cells were high passages 

from American Type Culture Collection (ATCC) and 

maintained in medium (DMEM/High Glucose, 

HyClone) containing 1% penicillin/streptomycin 

antibiotice and 10% fetal bovine serum (FBS),  and 

were grown at 37°C in the humidified atmosphere 

containing 5%CO2. All experiments were carried out 

24h at 37°C after the cells were seeded onto plates. 

Taurine was freshly diluted with PBS. SH-SY5Y 

cells were pre-incubated with taurine for 24h before 

Aβ1-40 was added. Assays for MTT, apoptosis and 

△Ψm were performed at different time after Aβ1-40 

was added. 

 

2.7. MTT assay 

SH-SY5Y cells (1×105cells/ml) were treated with 

20μM Aβ1-40 in the presence of taurine for 24h at 

37°C, MTT solution 20μL was added to each well 

with the final concentration of 0.5mg/ml. After 3h at 

37°C incubation with MTT, cells were lysed in 

dimethyl sulfoxide (DMSO) and the amount of MTT 

to formazan was quantified by determining the 

absorbance at 570nm using a microplate reader. 

 

2.8. Hoechst 33258 staining 

After exposed to Aβ1-40 for 24h, SH-SY5Y cells 

growing on 24-well plates were fixed with 4% 

paraformaldehyde for 30 min at room temperature, 

then washed with PBS 3 times and exposed to 

1μg/ml Hoechst 33258 at room temperature in the 

dark for 15min. Samples were observed under a 

fluorescent microscope. 

 

2.9. Measurement of 
△

Ψm 

△Ψm was monitored using a cell permeable 

cationic dye, the fluorescent dye Rhodamine 123. 

Rhodamine 123 was added to each well to attain a 

final concentration of 5mM for 15 min at 37°C after 

cells were treated with Aβ1-40 for 24h. The cells were 

washed twice with PBS and collected. Cells were 

processed using by flow cytometry and data analysed 

by Cell Quest Pro Software. 

FCM analysed the fluorescence intensity of the 

cells in each group, and the criterion of cell 

fluorescence intensity was 101. The strength higher 

than 101 is as the M2 region, on the contrary is M1 

area. The M2 District means the proportion of 

normal cells, and M1 is the proportion of damaged 

cells. The intensity increase in the M1 area is 

considered as △  Ψm reduce.  

 

2.10. Data analysis and statistics  

Data are expressed as mean±SD. SPSS18 software 

was used for statistical analysis. Significance of 

difference was evaluated with One-Way ANOVA and 

LSD-t was used to statistically identify differences 

between groups. P<0.05 was considered statistically 

significant; n values indicate the number of samples. 

Each of the experiments in vitro was repeated at least 

three times. 



Chronic Diseases Prevention Review             6 (2018) 10-15 

 

Copyright@2018 by Chronic Diseases Prevention Review                  12                                                            

 

3. Results 

3.1. Effect of taurine on learning and memory 

abilities in AD rats induced by Aβ1-40 

Spatial learning was assessed by the time spent to 

find the hidden platform (escape latency). As shown 

in Table1, Aβ1-40 -injected mice delayed the escape 

latency obviously compared to control group 

(P<0.01). The latencies of positive group 

(39.28±1.26; P<0.05), taurine (3.2) group 

(39.08±0.65; P<0.05) and taurine (4.79) group 

(39.11±0.71; P<0.05) were obviously shorter than 

those of model group, which demonstrated that 

taurine was effective in attenuating spatial learning 

deficits in Aβ1-40-treated rats. 

Furthermore, the times of crossing where the 

platform had been located and the length of time in 

the target quadrant were both used as the norms to 

assess rats memory. Table 2 shows the results that 

model group displayed an obvious reduction in the 

time spent traversing where the platform had been 

(2.89±0.56; P<0.05) and the swimming time in the 

target quadrant relative to the sham group 

(34.96±1.43; P<0.01). However, the times of 

crossing platform and swimming time in the target 

quadrant of positive group (4.00±0.33; 38.67±1.12; 

P<0.05), Taurine (3.2) group (4.38±0.37; 38.90±1.18; 

P<0.05) and Taurine (4.79) group (4.10±0.35; 

38.92±1.05; P<0.05) were markedly longer as 

compared to the model group (Table 1). These results 

demonstrated that taurine improved spatial memory 

against Aβ1-40-induced toxicity. 

 

Table1.  Effect of taurine on learning and memory abilities in AD rats induced by Aβ1-40( x ±s) 

Group( mmol/kg) n Letancy (s) the times of traversing 

platform 

swimming time in the 

third quadrant（s） 

Control 10 38.07±3.36 4.20±1.03 39.31±2.58 

Sham 10 38.19±3.26 4.10±0.99 38.46±3.66 

Model  9 43.21±3.46
**

 2.89±1.69
*
 34.96±4.30

**
 

Positive    10 39.28±3.99
#
 4.00±1.05

#
 38.67±3.54

#
 

Taurine (1.6) 10 40.60±3.80 2.80±1.32 35.45±3.37 

Taurine (3.2) 8 39.08±5.23
#
 4.38±1.06

#
 38.90±3.35

#
 

Taurine (4.79) 10 39.11±2.24
#
 4.10±1.10

#
 38.92±3.31

#
 

*
P＜0.05，**

P＜0.01 vs. control group; 
#
P＜0.05 vs. model group 

 

3.2. Effect of taurine on SH-SY5Y cells against 

Aβ1-40-induced cytotoxicity 

In order to better resemble the in vivo Aβ1-40 -

induced toxicity, we used a Aβ1-40 -induced SH-

SY5Y cell system. As estimated by MTT assays in 

SH-SY5Y cells, cell viability was markedly 

decreased in the presence of 20μmol Aβ1-40 for 24h 

(P<0.01). However, when cells were pre-incubated 

with taurine (8, 20mmol) for 24h (P<0.05), cell 

toxicity was markedly attenuated in a dose-

dependent manner (Table 2), which showed that 

taurine can protect SH-SY5Y cells against Aβ1-

40-induced cytotoxicity. 

 

Table 2. Effect of taurine against Aβ1-40-induced SH-SY5Y cell and △ ψm (n=6, x ±s) 

Group ( mmol) OD cell viability (%) Cell in M1 (%) 

Control  0.52±0.08 1.00±0.12 20.37±1.07 

Model  0.16±0.03
**

 0.31±0.04
**

 51.52±1.16
**

 

Taurine (0.8)  0.25±0.08 0.48±0.09 37.26±1.01 

Taurine (8) 0.45±0.14
#
 0.86±0.18

#
 21.46±1.39

#
 

Taurine (20) 0.39±0.08
#
 0.77±0.97

#
 25.60±1.45

#
 

*
P<0.01 vs. control group; 

#
P<0.05 vs.model group  

 

3.3. Taurine protected SH-SY5Y cells against Aβ1-

40-induced apoptosis 

Apoptotic cells were visualized by using the 

DNA-binding fluorescent dye Hoechst 33258. After 

treatment by Aβ1-40 at a concentration of 20μmol 

for 24h, cell nuclei became increasingly bright. 
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Finally, it decreased in size and fragmented into 

apoptotic bodies. In contrast, pre-incubated with 

taurine (8, 20mmol) for 24h, cells appeared 

significantly preserved and those alterations were 

remarkably attenuated (Figure 1). 

 

 
Figure 1. Morphological analysis of nuclear chromatin by Hoechst 33258. SH-SY5Y cells were 

treated with Aβ1-40 in the absence or in the presence of taurine ×40. (A) Control (B) After 

exposure to 20μmol Aβ1-40 for 24h, cell displayed condensed chromatin and apoptotic nuclei. 

(C-E) SH-SY5Y cells were pretreated with 0.8, 8, 20mmol taurine for 24h before exposure to 

20μmol Aβ1-40 for 24h. 

 

 
                        A                     B                    C 

 
                                  D                     E 

Figure 2. Effect of taurine on Aβ1-40-induced reduction of △ ψm (original picture).  (A) control 

(B) SH-SY5Y cells exposed 20μmol Aβ1-40 for 24h; (C-E) SH-SY5Y cells pretreated with 0.8, 8, 

20mmol taurine for 24h followed by exposure to 20μmol Aβ1-40 for 24h.    

A B C 

D E 
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3.4. Taurine prevented loss of △ Ψm in SH-SY5Y 

cells 

To assess the effect of taurine on the changes in 

△Ψm induced by Aβ1-40, flow cytometric analyses 

were carried out using Rhodamine 123. After 

incubation of SH-SY5Y cells with 20μmol Aβ1-40 for 

24h, the △Ψm was detected by the weakening of the 

fluorescence intensity of Rhodamine 123. As 

compared to control cells, Aβ1-40 treatment increased 

the Rhodamine 123 negative cells from 

20.37%±1.07% to 51.52%±1.16% (P<0.01). 

Pretreatment with 8, 20mM of taurine protected cells 

against the Aβ1-40-induced lowering of △Ψm, 

decreasing Rhodamine 123 negative cells to 

21.46%±1.39%; 25.6%±1.45% (P<0.01), 

respectively (Figure 2). 

4. Discussion 

Considerable evidence indicates that the Aβ is the 

collective access among all kinds of causes that 

induce AD and Aβ1-40 is the critical factor of the 

formation and development of AD[10,11]. The Aβ 

aggregation located around neurons not only have a 

direct toxic effect on the neurons, but also enhance 

the susceptibility of neuronal cells to free radicals, 

nerve toxins and other harmful factors[12]. However, 

in the present studies we review the growing 

evidence for the role of soluble intracellular Aβ in 

the disease progression, with particular reference to 

Aβ found within the mitochondria. Once inside the 

nerve cells, Aβ is able to interact with a number of 

targets, including the mitochondrial proteins alcohol 

dehydrogenase and cyclophilin D, which is a 

component of the mitochondrial permeability 

transition pore (MPTP). Interference with the normal 

functions of these proteins results in mitochondrial 

collapse and ultimately cell death. Therefore, 

numerous publications have used the Aβ1-40 aggregate 

injection rat model and induced cell model to study 

AD[13-15]. 

Taurine is a sulfur containing amino acid, also 

known as bovine cholic acid and bovine bilirubin. It 

was first isolated from bovine bile in 1827. Later, 

taurine was found to be a free amino acid in the 

central nervous system, and it is the main inhibitory 

transmitter in the nervous system[16]. Taurine was 

reported to be involved in many important 

physiological functions in the central nervous system, 

and could significantly promote nerve cell 

proliferation and differentiation[4]. Studies have 

found that, in the absence of oxygen, ischemia, and 

stress conditions, rodent brain taurine release 

increased significantly[17]. Intracerebroventricular 

infusion of Aβ1-40 was demonstrated to induce spatial 

memory and learning impairment in AD       

animal models. It was reported that a single 

intracerebroventricular injection of Aβ1-40 in mice 

induced markly amnesia as compared to the sterile 

saline-injected sham group. This confirmed that 

cognitive impairment was induced by Aβ1-40 peptide 

itself, and was not attributable to an 

intracerebroventricular injection[18]. Our results 

showed that taurine, taken by oral lavage of 

3.2mmol/kg
 

and 4.79mmol/kg, improved spatial 

learning effectively across the 4-day acquisition 

training period. The Aβ1-40-administered rats after 

taurine treatment showed a much better learning 

capability in finding the hidden platform by decrease 

of escape latency. In the memory probe trial, the Aβ1-

40-treated rats receiving taurine treatment performed 

better in searching for the target quadrant and the site 

where the platform was located as compared to the 

Aβ1-40-administered rats. As a result of the current 

study on in vivo cognitive function, taurine has been 

shown to be potentially beneficial for the treatment 

of AD. 

In our research, treatment of SH-SY5Y cells with 

Aβ1-40 caused a marked decrease in cell survival. 

Taurine remarkably reduced the cell death. In 

addition, exposed to 20μmol Aβ1-40 for 24h, SH-

SY5Y cells showed typical characteristics of 

apoptosis, such as chromosome condensation. 

Taurine could reduce the apoptotic morphological 

changes in Aβ-induced injury in SH-SY5Y cells. 

Previous studies have shown that apoptosis plays a 

pivotal role in AD pathogenesis[19]. And apoptosis 

in AD may be caused by accumulation of Aβ[20]. 

The main Aβ-induced apoptosis signaling pathways 

is Mitochondria. For example, patients with AD 

regularly exhibit declining mitochondrial energy 

metabolism, which may subsequently cause neuronal 

damage[21]. The increase of Aβ may impair 

mitochondrial function, leading to a significant 

decrease in △ψm. Loss of △ψm causes the release of 

apoptosis-inducing factors which activate caspase 

cascade, cause brain energy production reduction, 

and enhance production of reactive oxygen species, 

and thereby contributing to apoptosis[22,23]. Further, 

activation many stressors such as oxidative stress, 

also causes neuronal apoptosis via the mitochondria-

dependent pathway[24]. According to our study, a 

loss of △ψm was apparent in SH-SY5Y cells in the 

presence Aβ1-40. And we also observed that taurine 

alleviated mitochondrial dysfunction through 

improving mitochondrial membrane potential. 

5. Conclusion 

With the experimental design and methodology 

used in the study, we investigated the therapeutic 

value of taurine in cognitive function and 

neuroprotective against Aβ-induced toxicity. 

Furthermore, we explored the therapeutic targets for 

the efficacy of taurine, and showed the underling 

mechanisms of taurine through regulating 
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mitochondrion-mediated apoptosis. In summary, 

taurine appears to be a prospective candidate for the 

prevention and treatment of Alzheimer's disease. 

 

Achnowledgements  
This project was funded by Qingdao Science and 

technology Bureau. 

 

References 
[1] Szutowicz A, Bielarczyk H, Zyśk M, et al. 

Early and late pathomechanisms 

in Alzheimer's disease: From zinc to amyloid 

β neurotoxicity[J]. Neurochem Research, 

2017, 42(3):891-904. 

[2] Miklossy J . Chronic inflammation and 

amyloidogenesis in Alzheimer’s disease-role 

of Spirochetes[J]. Journal of Alzheimer’s 

Disease, 2008, 13(4):381-91.  

[3] Murphy MP. Alzheimer’s disease and the 

amyloid-beta peptide[J]. Journal of 

Alzheimer’s Disease, 2010, 19:311–23. 

[4] Jang YW, Howard P. Role of taurine in the 

central nervous system[J]. Journal of 

Biomedical Science, 2010, 17(Suppl 1):S1. 

[5] Shen CH, L'amoreaux WJ. Neuroprotective 

role of taurine during aging[J]. Amino Acids, 

2013, 45(4):735-50.  

[6] Louzada PR, Paula Lima AC, Mendonca-

Silva DL, et al. Taurine prevents the 

neurotoxicity of beta-amyloid and glutamate 

receptor agonists: activation of GABA 

receptors and possible implications for 

Alzheimer's disease and other neurological 

disorders[J]. Faseb J, 2004, 18(3): 511-518. 

[7] Han M, Liu Y, Tan Q, et al. Therapeutic 

efficacy of stemazole in a beta-amyloid 

injection mice model of Alzheimer’s 

disease[J]. European Journal 

of Pharmacology, 2011, 657:104- 110. 

[8] Giovannelli L, Scali C, Faussone-Pelleqrini 

MS, et al. Long-term changes in the 

aggregation state and toxic effects of beta-

amyloid injected into the mice brain[J]. 

Neuroscience, 1998, 87:349-357. 

[9] Kobayashi K, Noda, Y, Matsushita N, et al. 

Modest neuropsychological deficits caused 

by reduced noradrenaline metabolism in mice 

heterozygous for a mutated tyrosine 

hydroxylase gene[J]. Journal of Neuroscience, 

2000, 1:2418–2426. 

[10] Lauren J, Gimbel D A, Nygaard HB, et al. 

Cellular prion protein mediates impairment 

of synaptic plasticity by amyloid-beta 

oligomers[J]. Nature, 2009, 457:1128–1132. 

[11] Sharma S, Nehru B, Saini A. Inhibition 

of Alzheimer's amyloid-beta aggregation in-

vitro by carbenoxolone: Insight into 

mechanism of action[J]. Neurochemistry 

International, 2017, 108:481-493.  

[12] Cappai R, Barnham KJ. Delineating the 

mechanism of Alzheimer’s disease A beta 

peptide neurotoxicity[J]. Neurochem Res, 

2008, 33:526-532. 

[13] Briyal S, Philip T, Gulati A. Endothelin-A 

receptor antagonists prevent amyloid-β-

induced increase in ETA receptor expression, 

oxidative stress, and cognitive impairment[J]. 

Journal of Alzheimer's Disease, 2011. 

23:491-503. 

[14] Miguel-Hidalgo JJ, Paula IA, Wanzoa V, et al. 

Memantine prevents cognitive impairment 

and reduces Bcl-2 and caspase 8 

immunoreactivity in rats injected with 

amyloid β1–40[J]. European Journal of 

Pharmacology, 2012, 692:38-45. 

[15] Budni J, Batista-Silva H, Garcez ML, et al. 

Lithium and memantine improve spatial 

memory impairment and neuroinflammation 

induced by β-amyloid 1-42 oligomers in 

rats[J]. Neurobiol Learn Mem, 2017, 141:84-

92. 

[16] Gaull GE. Taurine in pediatric nutrition：

review and update[J]. Pediatrics, 1989, 

83(3):433-442. 

[17] Chandana B, Howard P, et al. Modes of 

action of taurine and granulocyte colony-

stimulating factor in neuroprotection[J]. 

Journal of Experimental and Clinical 

Medicine, 2012, 4:1-7. 

[18] Zhang Q, Li J, Liu C, Song C, et al. 

Protective effects of low molecular weight 

chondroitin sulfate on amyloid beta (Aβ)-

induced damage in vitro and in vivo[J]. 

Neuroscience, 2015, 305:169-182.  

[19] Caccamo A, Branca C, Piras IS, et al. 

Necroptosis activation in Alzheimer's disease 

[J]. Nat Neurosci, 2017, 20:1236-1246.  

[20] HC Huang, ZF Jiang. Accumulated amyloid-

β peptide and hyperphosphorylated tau 

protein; relationship and links in Alzheimer's 

disease[J]. Journal of Alzheimer’s Disease, 

2009.16:15–27. 

[21] Cenini G, Rüb C, Bruderek M, et al.   

Amyloid β-peptides interfere with 

mitochondrial preprotein import competence 

by a coaggregation process[J]. Mol Biol Cell, 

2016, 27(21):3257-3272.  

[22] Young KJ, Bennett JP. The mitochondrial 

secret(ase) of Alzheimer’s disease[J]. Journal 

of Alzhermer’s disease, 2010, 20:381-400. 

[23] Cassano T, Pace L, Bedse G, et al.  

Glutamate and mitochondria: Two prominent    

players in the oxidative stress induced 

neurodegeneration[J]. Curr Alzheimer Res, 

2016, 13(2):185-97. 

[24] Chang L, Karin M. Mammalian MAP kinase 

signaling cascades[J]. Nature, 2001. 410:37-

40. 


