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Study on the Effect of Safflower Injection on the Regulation of Genes related
to Qi-deficiency and Blood Stasis Syndrome in Rats*
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ABSTRACT Objective: To establish two differential gene expression profiles of qi-deficiency and blood stasis syndrome before or
after safflower injection treatment by using gene chip technology; compared and analyzed to ensure the effective genes that are
responsible for the therapeutic effects of safflower injection against gi-deficiency and blood stasis syndrome in rats. Furthermore,
speculated the effect mechanism of the therapeutic genes. Methods: Fifteen SD rats were randomly divided into 3 groups (n=5): control
group, model group, and medication group. Qi-deficiency and blood stasis model was established by subjecting the rats to hunger and
fatigue for two weeks. After a week of the modeling, safflower injection (100 mg/kg/d) was administered daily via the tail vein for 7 days
in medication group, and the rats in model group were injected with saline of the same volume. Control group received normal feeding.
At the end of the experiment, rats were killed and whole blood was collected to evaluate the blood stream change and extract mRNAs in
blood samples. Qualified mRNAs were reverse transcribed into cDNA which was then used in gene chip hybridization. The genes
regulated by safflower injection were determined by the fluorescence signal and the functional mechanisms of safflower injection were
confirmed by further querying genealogy databases and reviewing literatures. Results: After two weeks of the modeling, the whole blood
viscosity under various shear rates was significantly increased in the model rats which showed faint, blood stasis and weight loss,
indicating that the model is made successfully. The increased whole blood viscosity and gi-deficiency and blood stasis syndrome were
obviously reversed by safflower injection treatment. Compared with the control group, 252 genes up-regulated while 54 genes
down-regulated in model group; compared with the model group, 196 genes up-regulated while 32 genes down-regulated. Among these,
16 differentially expressed genes were involved in inflammation and immune response. Conclusions: Safflower injection was effective in
treating qi deficiency and blood stasis syndrome, which was achieved by regulating inflammation related genes.
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F 1 AEAVIERT KR L ML EIE R (s, n=3)
Table 1 Blood Viscosity Indexes of Rats at Different Shear Rate(x+s, n=3)

Blood Viscosity Indexes

Group
1/s S/s 30/s 200/s
Control 20.23+ 0.73 8.23% 0.17 4.565+ 0.22 3.28% 0.52
Model 28.95+ 2.13%* 10.52+ 0.19% 5.89% 0.42% 4.29+ 0.23*
Medication 23.31+ 1.29* 9.50+ 0.07 5.32+ 0.32° 3.40+ 0.14"

Note: Compared with the control group: * P <0.01; compared with the model group: * P <0.05.

#2RNA RERELER
Table 2 The concentration of RNA in each group
Samples A260/A280 A260/A230 Concentration Volume( L) Total amount (ug) Result
(pg/pl)
Control group 1 2.02 2.09 424.24 32 13.58 Qualified
Control group 2 1.91 2.03 575.53 32 16.32 Qualified
Control group 3 1.95 2.01 628.01 33 20.72 Qualified
Control group 4 1.88 2.02 420.42 32 13.45 Qualified
Control group 5 2.04 2.22 671.29 32 21.48 Qualified
Model group 1 1.97 2.11 833.06 32 26.66 Qualified
Model group 2 1.91 2.13 435.02 30 13.05 Qualified
Model group 3 1.92 2.07 490.31 32 14.89 Qualified
Model group 4 1.93 2.03 280.73 30 16.82 Qualified
Model group 5 1.92 2.02 560.05 30 16.04 Qualified
Medication group 1 1.92 2.01 420.42 32 13.45 Qualified
Medication group 2 1.91 2.11 561.25 30 16.84 Qualified
Medication group 3 2 2.01 623.85 32 19.96 Qualified
Medication group 4 191 2.05 435.02 30 13.05 Qualified
Medication group 5 1.92 2.01 797.61 33 26.32 Qualified
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Table 3 Fold changes of regulated genes

Transcript Gene ANOVA p-value Ratio ANOVA p-value Ratio
Cluster ID Symbol (Model/ (Model/ (Safflower /Model) (Safflower /Model)
Blank) Blank)
17828842 Laptm4b 0.01725 2.69 0.0190825 0.40
17818092 Ifi27 0.00737 2.85 0.0232616 0.32
17724702 Cd226 0.032869 3.73 0.020856 0.41
17737024 RGD1562660 0.046 0.37 0.043289 2.63
17874691 Cd401g 0.03 0.13 0.02129 3.28
17875665 Timpl 0.0155 2.96 0.0321345 0.45
17789627 Asns 0.01 0.33 0.016236 243
17612693 Lilrb31 0.02 2.31 0.035728 0.44
17638314 Irf7 0.0088 0.43 0.039257 2.65
17684919 Rgsl 0.023116 2.59 0.0036 0.38
17796689 Stau2 0.0328 0.19 0.0151646 2.11
17815145 Cmpk2 0.021909 2.49 0.02373116 0.32
17860324 Cxcer2 0.017616 0.42 0.08479 2.82
17799396 Tlr4 0.03821 0.21 0.023329 3.03
17882665 C5ar2 0.23436 0.39 0.023719 2.62
17725828 Arap3 0.05 0.46 0.026318 2.83
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Table 4 Functions of the regulated genes

Transcript
Gene Symbol Description Function
Cluster ID
. . Activate T cells and monocytes to participate in the immune
17818092 Ifi27 interferon, alpha-induci-bleprotein 27 .
response #LIEW T AN BIZ A, B 5 %% &K B
. Participate in cell differentiation, promote cell proliferation.
Lysosomal protein  transmembrane ) ) o
17828842 Laptmdb b Mediate adhesion between cells and identify 25 2014314 , 1
eta 4 . .
BEAMREIETE, /v S 4RRE Z BB RE BT IR A
Participate in cell adhesion
17724702 Cd226 CD226 molecule R
S5
Involved in signal transduction and differentiated cells
17737024 RGD1562660; zinc finger protein 455 o
S5ESHS, AR UY
ligand Involved in cellular and humoral immunity
17874691 Cd40lg CD40 ,
S5RGBT EED
) ) o Inhibit cell infiltration, metastasis and angiogenesis
17875665 Timpl TIMP metallopeptidase inhibitor 1 _ .
05 2 A R 0 I A Y
) Promote cell apoptosis, enhance oxidative stress
17789627 Asns Asparagine synthetase . C m e
(R AR T R | R AR R
Staufen double-stranded RNA binding Participate in oxidative stress response
17796689 Stau2
protein 2 S5 R R
ArfGAP with RhoGAP domain, Regulate cell differentiation and development
17725828 Arap3 .
ankyrin repeat andPH domain 3 T EmES IR ED
leukocyte immunoglobu-lin-like o
. ) . Leukocyte immunoglobulin - like receptors
17612693 Lilrb31 receptor, subfamily B (with TM and ‘ _
. . B 4pa e Bk E B A"
ITIM d-omains), member 3-like
) Interferon Regulatory Factor, involved in immunization
17638314 Irf7 interferon regulatory factor 7 .
FHFFEFEF, S5%E"
17684919 Rgsl Regulator of G-protein signaling I ~ Immune tolerance of immune cells %z J% 2H B i 62 2 i 5% 40 5519
o Participate in nucleic acid and lipid metabolism, maintain cell
Cytidine monophosphat-e o ) ) ) X
17815145 Cmpk2 ] i _ energy balance, and participate in apoptosis £ 51ZBE K g KK
(UMP-CMP) kinase 2, mi-tochondrial e e e .
g, AR E T, S S ME T
) ) Involved in inflammatory cell convergence
17860324 Cxcr2 G protein-coupled rece-ptor kinase
SHRMEMMEE
Toll-like receptors, involved in immunization
17799396 Tir4 toll-like receptor 4 L
Toll HE (K, 355 &™
Complement C5a receptor, involved in inflammation
17882665 C5ar2 complement component 5a receptor 2

#ME CSa Zil, S 5RERE

BEPRIH 14 2 S, B AT A P 1 PR S R B
£ % 3 #k(References)

(1] T3, £ 84 FHARKESF (F2H)M]. b7 ARZAE HER
#+,2013: 13-20
Chen Ke-ji, Shi Zai-xiang. Practical learning of blood stasis syndrome
(second edition) [M]. Beijing: People's Health Publishing House,
2013: 13-20

(2] winth, ATk k. aofeizghik e is R A [J]. F B 25 53R, 2004, 32
(6): 41-43
Tian Hong-wei, He Jin-lai. The clinical application of safflower
parenteral solution [J]. Acta Chinese Medicine and Pharmacology,
2004, 32(6): 41-43

31 2%, 2 EH. RESAERE S EERRFL PR ] KT
[E 25 K 4 4R, 2012, 28(4): 347-348

Wang Jun, Liu Zhen-kun. Application of the Gene Chip Technology
in Experimental on Traditional Chinese Medicine [J]. Journal of
Changchun University of Chinese Medicine, 2012, 28(4): 347-348

[4] A, ksl 2230, . 2RO RFELZ AR B- LAm
s REAR A K H e 3 Ak NOLcGMP #9%a[J]. & B 2 4, 2014,
25(47): 4417-4419
Wang Ming-ming, Chen Min-chun, Li Yu-wen, et al. Effect of the
Combination of HSYA and B-boswellic Acid on Coagulation
Function,NO and ¢GMP in Bloodstasis Model Rats [J]. China
Pharmacy, 2014, 25(47): 4417-4419

[5] mtsh, Ba . F4 KR AR mAME G BIMA LALIIRT [J]. X
EE SRR, 1997, 16(3): 28-30
Pang Shu-ling, Gao Jin-liang. Study on the simulation and mechanism

of qi deficiency and blood stasis syndrome in middle-aged rats [J].



- 4222 .

DREYES#HE wwwshengwuyixue.com Progressin Modern Biomedicine Vol17 NO.22 AUG.2017

Journal of Tianjin University of Traditional Chinese Medicine, 1997,
16(3): 28-30

[6] &k, Fam, 88T, F. LREMET KRR RGPk
HAERALHI[T]. F 3525, 2011, 42(8):1585-1587
Yue Hai-tao, Li Jin-cheng, Lv Ming-yang, et al. Effects of Safflower
Injection on thrombosis in rats and its mechanism [J]. Chinese
Traditional and Herbal Drugs, 2011, 42(8): 1585-1587

7] % vHatRARGRALERE [J]. EF4EE,2014,270):
674-675
Huang Fang. Modern Pharmacological Research Progress of
Traditional Chinese Medicine Safflower [J]. Medical Information.
2014, 27(9):674-675

[8] M3k, M4k, WA, . b Z R o # % [J]. P32, 2015, 46
(13): 1872-1877
Qu Cheng, Yue Shi-jun, Lin Hang, et al. Chemical constituents of
Carthamus tinctorius[J]. Chinese Traditional and Herbal Drugs, 2015,
46(13): 1872-1877

9] B&X, FHR, A%, F. L0030 & T SR B 76 77 RUR AL L
Fa (B JE S ) 7 LR [T]. Y fa SR IA B 25, 2012, 20(7):328-330
Li Zhi-wen, Li Xin-min, Zhu Yan, et al. Observation on Curative
Effect of Safflower Yellow Injection on Patients with Rheumatic
Valvular Disease (Qi Deficiency and Blood Stasis Type)[J]. Shenyang
military medicine, 2012, 20(7): 328-330

[10] &, KARAR. e BZAALHF it R [J]. L A B2 RS F4R,
2002, 26(2): 155-156
Ma Min, Zhang Gui-juan. Research Progress on Objective Evaluation
of Blood Stasis Syndrome [J]. Journal of Shandong University of
Traditional Chinese Medicine, 2002, 26(2): 155-156

[11] wdh, mad, 2K, . apHes) 20 FRaA R[] ¥4+ E
2522 &, 2006, 21(6): 363-364
Shi Jing, Tian Jin-zhou, Wang Yong-yan, et al. Study on the
Biological Basis of Blood Stasis Syndrome [J]. China Journal of
Traditional Chinese Medicine and Pharmacy, 2006, 21(6): 363-364

[12] %) 3%, B3R T AUk e e ERAT LA F E % &, 2005, 46
(6): 471-472
Liu Hong, Li Rong-heng. Experiments Study Survey of Qi Deficiency
and Blood Stasis Syndrome [J]. Journal of Traditional Chinese
Medicine, 2005, 46(6):471-472

[13] Honda K, Yanai H, Negishi H, et al. IRF-7 is the master regulator of
type-I interferon-dependent immune responses [J]. Nature, 2005, 434
(7034): 772-777

[14] Puthia M, Ambite I, Cafaro C, et al. IRF7 inhibition prevents
destructive innate immunity-A target for nonantibiotic therapy of
bacterial infections[J]. Science Translational Medicine, 2016, 8(336):
336ra59

[15] Jr B D, Caligiuri M A. Killer immunoglobulin-like receptors and

tumor immunity[J]. Cancer Immunology Research, 2014, 2(2): 99-99

[16] Rangel J, Nosrati M, Leong S P, et al. Novel role for RGSI in
melanoma progression [J]. American Journal of Surgical Pathology,
2008, 32(8): 1207-1212

[17] Zhang H, Qi S, Zhang T, et al. miR-188-5p inhibits tumour growth
and metastasis in prostate cancer by repressing LAPTM4B expression
[J]. Oncotarget, 2015, 6(8): 6092-6104

[18] Zanotti L, Angioni R, Cali B, et al. Mouse mesenchymal stem cells
inhibit high endothelial cell activation and lymphocyte homing to
lymph nodes by releasing TIMP-1[J]. Leukemia, 2016, 30(5): 1143-1
154

[19] Lee M H. The contribution of CMP kinase to the efficiency of DNA
repair[J]. Cell Cycle, 2015, 14(3): 354-363

[20] Pundir P, Macdonald C A, Kulka M. The Novel Receptor C5aR2 Is
Required for C5a-Mediated Human Mast Cell Adhesion, Migration,
and Proinflammatory Mediator Production [J]. Journal of
Immunology, 2015, 195(6): 2774-2787

[21] Xin Z, Tré panier V, Beaujois R, et al. The downregulation of the
RNA-binding protein Staufen2 in response to DNA damage promotes
apoptosis[J]. Nucleic Acids Research, 2016, 44(8): 3695-3712

[22] Ch& vez-S& nchez L, Garza-Reyes M G, Espinosa-Luna J E, et al.
The role of TLR2, TLR4 and CD36 in macrophage activation and
foam cell formation in response to oxLDL in humans [J]. Human
Immunology, 2014, 75(4): 322-329

[23] BAH, R, FER. FREOLEMAARFRERE [J]. 2HHR
i@ i1, 2009, 20(1): 131-134
Zhao Nan, Zhao Fei, Li Yu-hua. Advances in Research on Zinc Finger
Protein[J]. Letters in Biotechnology, 2009, 20(1): 131-134

[24] Guillerey C, Ferrari d A L, Vuckovic S, et al. Immunosurveillance
and therapy of multiple myeloma are CD226 dependent.[J]. Journal of
Clinical Investigation, 2015, 125(7): 2077-2089

[25] Aloui C, Prigent A, Tariket S, et al. Levels of human platelet-derived
soluble CD40 ligand depend on haplotypes of CD40LG-CD40-ITGA2
[J]. Scientific Reports, 2016, 6: 24715

[26] Auer P L, Teumer A, Schick U. Rare and low-frequency coding
variants in CXCR2 and other genes are associated with hematological
traits[J]. Nat Genet, 2014, 46(6): 629-634

[27] Kartopawiro J, Bower N I, Karnezis T, et al. Arap3 is dysregulated in
a mouse model of hypotrichosis-lymphedema-telangiectasia and
regulates lymphatic vascular development [J]. Human Molecular
Genetics, 2014, 23(5): 1286-1297

(28] ¥ K42, BAARE. RABI A s B I 1 2 M) % 3 Ak R 42(T].
FRILFR Z¢ &, 2006, 33(2): 120-122
Luo Chang-ying, Gu Long-jun. The Structure and Expression
Regulation of Human Asparaginc Synthetase Gene [J]. International

Journal of Pediatrics, 2006, 33(2): 120-122



