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Analysis of synergic effect of glycyrrhizic acid and ephedrine on the
human bronchial smooth muscle cells with cDNA microarray

SHI Qian, LIU Ze, LI Ruo-jie, CHENG Bin-feng, HOU Yuan-yuan, BAI Gang*

College of Pharmacy, Nankai University, Tianjin 300071, China

Abstract Objective: To investigate the synergic effect of glycyrrhizic acid and ephedrine on the human bronchial smooth muscle

cells with cDNA microarray method. Methods: After establishment of inflammation model induced by TNF-a, the human

bronchial smooth muscle cells were divided into three groups randomly: the model group, ephedrine group, and

glycyrrhizic acid plus ephedrine group. Total RNA of the subcutaneous tumors was extracted using Trizol reagents, and

cDNA-labeled fluorescence was synthesized by reverse transcription method. Total DNA preparations from the cells were

hybridized to the gene chips. Then the array was scanned and the signals were analyzed after hybridization. Results:

Compared with ephedrine group, 33 genes were up-regulated by more than two folds and 20 genes were down-regulated in

the HBAMC cells treated with glycyrrhizic acid plus ephedrine. The Gene Go analysis revealed that these genes were

associated with G-Protein coupled receptor signaling pathway, cell cycle, apoptosis, and so on. Conclusion: The results

show that these pathways may be responsible for the synergic effect of glycyrrhizic acid and ephedrine.
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Table 1 Up-regulated genes in the HBSMC cells after treated with glycyrrhizic acid plus ephedrine

compared with those with ephedrine

Number Symbol Description
1 ZNF236 zinc finger protein 236
2 FBXL17 F-box and leucine-rich repeat protein 17
3 C21orf59 chromosome 21 open reading frame 59
4 DLGAP1 discs, large (Drosophila) homolog-associated protein 1
5 ATP2C1 ATPase, Ca'" transporting, type 2C, member 1
6 ERBB3 v-erb-b2 erythroblastic leukemia viral oncogene homolog 3 (avian)
7 ZNF148 zinc finger protein 148
8 HEG1 HEG homolog 1 (zebrafish)
9 HMGA2 high mobility group AT-hook 2
10 PRKD3 protein kinase D3
11 FYN FYN oncogene related to SRC, FGR, YES
12 RORA RAR-related orphan receptor A
13 MSRA methionine sulfoxide reductase A
14 FHLS four and a half LIM domains 5
15 ZFAND6 zinc finger, AN1-type domain 6
16 SNCA synuclein, alpha (non A4 component of amyloid precursor)
17 STX7 syntaxin 7
18 FNBPIL formin binding protein 1-like
19 FBXL7 F-box and leucine-rich repeat protein 7
20 RICSB resistance to inhibitors of cholinesterase 8 homolog B (C. elegans)
21 MBNLI muscleblind-like (Drosophila)
22 CUL3 cullin 3
23 TNFAIP8 tumor necrosis factor, alpha-induced protein 8
24 PDZRN3 PDZ domain containing RING finger 3
25 SBF2 SET binding factor 2
26 NPW neuropeptide W
27 DGKH diacylglycerol kinase, eta
28 ANKRD28 ankyrin repeat domain 28
29 CEP135 centrosomal protein 135kDa
30 PCM1 pericentriolar material 1
31 TRIO triple functional domain (PTPRF interacting)
32 EPAG early lymphoid activation protein
33 PAM peptidylglycine alpha-amidating monooxygenase
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Table 2 Down-regulated genes in the HBSMC cells after treated with glycyrrhizic acid plus ephedrine

compared with those with ephedrine

Number Symbol Description
1 TADAIL transcriptional adaptor 1 (HFI1 homolog, yeast)-like
2 MTRFIL mitochondrial translational release factor 1-like
3 FCRLA Fc receptor-like A
4 Cl18orfl chromosome 18 open reading frame 1
5 STARD7 StAR-related lipid transfer (START) domain containing 7
6 CYP3AS5P2 cytochrome P450, family 3, subfamily A, polypeptide 5 pseudogene 2
7 EIF3F eukaryotic translation initiation factor 3, subunit F
8 CLCN4 chloride channel 4
9 CSNK2A1 casein kinase 2, alpha 1 polypeptide
10 CHGA chromogranin A (parathyroid secretory protein 1)
11 Cl10orf11 chromosome 10 open reading frame 11
12 CD80 CD80 molecule
13 CITED1 Cbp/p300-interacting transactivator, with Glu/Asp-rich carboxy-terminal domain, 1
14 DSPP dentin sialophosphoprotein
15 THOC7 THO complex 7 homolog (Drosophila)
16 TMEFF2 transmembrane protein with EGF-like and two follistatin-like domains 2
17 FOXO3 forkhead box O3
18 RCNI1 reticulocalbin 1, EF-hand calcium binding domain
19 NNMT nicotinamide N-methyltransferase
20 SLC39A8 solute carrier family 39 (zinc transporter), member 8
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Fig. 1 Diagram of up-regulated genes involved in
cAMP biosynthesis network.

Fig. 2 Diagram of up-regulated genes involved in the

biological pathway of protein phosphorylation.
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Fig. 3 Diagram of up-regulated genes involved in the

biological pathway of cell apoptosis.
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the biological pathway of sodium channel.
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Table 3 Classification of biological process involved in glycyrrhizin combined ephedrine

compared to ephedrine group

Function/Process Symbol up/down
cAMP biosynthetic process ErbB3, ANKRD28, FZD3, ACT, UBAP2L. up
regulation of localization , phosphorylation Fyn, ErbB3, MSRA, c-Src, EGFR. up
regulation of apoptosis HMGA2, ErbB3, ACT, p53, EGFR. up

Casein kinase II, alpha chain (CSNK2A1), CD80, TMEFF2, SDHA, SP1. down

sodium ion transport

SLC39A8, DSPP, TMEFF2, Chromogranin A, CYP3AS. down
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