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Abstract: As a Ginkgo biloba extract preparation, shuxuening injection has a unique advantage in the preven-
tion and treatment of acute and subacute stroke, but its main active ingredient is still unclear. Using a subacute
model of stroke in mice constructed earlier, we further explored the contribution and mechanism of the two main
components of total ginkgo flavonol glycosides and total ginkgolides in facilitating the neurofunctional recovery in
stroke-induced mice. The pharmacodynamics was mainly evaluated by neurobehavioral changes, cerebral infarc-
tion volume, blood-brain barrier permeability and brain edema. The pathway and targets were predicted by tran-
scriptome and network pharmacology. Finally, the mechanism was verified at the mRNA and protein levels. The
results showed that the beneficial effect of total ginkgolides was greater than that of total ginkgo flavonol glycosides
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in both the pharmacodynamics and the regulatory mechanism of granulocyte adhesion and diapedesis involving
granulocyte colony-stimulating factor (G-CSF), macrophage-1 antigen (MAC-1) and E-selectin. These findings
suggest that shuxuening injection may improve the prognosis for mice with subacute stroke by down-regulating G-
CSF-mediated granulocyte adhesion and diapedesis pathway mainly through the total ginkgolide components. This
finding is expected to provide reference for optimizing prescription and searching for natural drugs for targeting the
treatment of ischemic stroke prognosis. The animal experiments in this study followed the regulations of Animal
Ethics Committee of Tianjin University of Traditional Chinese Medicine.
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Table 1  Primer sequences. Csf3: Colony stimulating factor 3; Sele: E-selectin; Itgam: Integrin alpha M; Tnf: Tumor necrosis factor; I11b:
Interleukin-1p; 116: Interleukin-6; Gapdh: Glyceraldehyde-3-phosphate dehydrogenase
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Figure 1 A: The common ginkgo flavor glycides include quercetin, kaempferol, myricetin, apigenin, isorhamnetin, luteolin, tamarixetin, et
al.; B: The common ginkgolides include ginkgolide A, ginkgolide B, ginkgolide C, ginkgolide J, ginkgolide M, ginkgolide P, ginkgolide Q,

ginkgolide K, ginkgolide L and ginkgolide N
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Figure 2 Survival rate, weight change and neurological deficit
scores. A: Survival curve of mice in each group within 7 days after
ischemic stroke. n = 18-20, x + s; B: Diagram of changes in body
weight of mice within 7 days after ischemic stroke. n = 10, X * s;
C: Modified neurologic severity scores (MNSS) on post-stroke days
1,4and 7.n =10, x £ s. “P<0.05, **P<0.001 vs sham; “P<0.05, “P<
0.01, ™"P<0.001 vs model. SXNI: Shuxuening injection; YXZHT:
Total ginkgo flavonol glycosides; YXZNZ: Total ginkgolides
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Figure 3 Locomotor function and motor gait in post-stroke mice. The motor distance (A) and average speed of mice (B) were calculated
via using open field locomotion chambers. n = 8, x + s; C: Quantification of base of support (BOS) in front and hind paws of four paws in
mice. n = 6, x = s; D: Quantification of maximum contact area of four paws in mice. n = 6, X + s; E: Quantification of print area of four paws
in mice. n = 6, x + s. *P<0.05, #P<0.01, *P<0.001 vs sham; "P<0.05, “P<0.01, **P<0.001 vs model; YP<0.05, YYP<0.01 vs SXNI; 4P<0.05
vs YXZNZ. ns: No significance; RF: Right front; RH: Right hind; LF: Left front; LH: Left hind

A Sham  Model  Ginaton  SXNI  YXZHT  YXZNZ B

Infarct area / %

C  Sham Model Ginaton SXNI  YNZHT  YNZNZ

Total radiant efficeency

Figure 4 Cerebral infarct size and brain edema in post-stroke mice. A: Representative images of 2,3,5-triphenyl-2H-tetrazolium chloride
(TTC) staining in different groups. White area indicates ischemic infarction area; B: Quantification of infarct volume after different treat-
ment. n = 6, x + s; C: Representative IVIS images in each group; D: Quantitation of the total radiant efficiency after different treatment. n =
5-6, x + 5. #*P<0.001 vs sham; "P<0.05, “P<0.01, “"P<0.001 vs model; YP<0.05, YYP<0.01 vs SXNI; 4P<0.05 vs YXZNZ
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Figure 5 Analysis of cerebral edema. A: Schematic dlagram of brain line offset; B: Quantitation of the midline offset distance. n =5, x £ s.

#P<0.01 vs sham; “P<0.05, “P<0.01 vs model; YP<0.05 vs SXNI

Table 2 Key target genes regulated by shuxuening injection. Selp: P-selectin; Il1a: Interleukin-1a; Ccl2: C-C motif chemokine ligand 2;
Ccl5: C-C motif chemokine ligand 5; Cxcl2: C-X-C motif chemokine ligand 2; Cxcl3: C-X-C motif chemokine ligand 3; Cxcl10: C-X-C mo-
tif chemokine ligand 10; Cxcr2: C-X-C motif chemokine receptor 2; Ezr: Ezrin

Gene log,Fold change Gene description

Csf3 -10.934 211 06 3.70E-09 Colony stimulating factor 3 (granulocyte)
[Acc:MGI:1339751]

Itgam -1.908 524 056 0.001 725 159 Integrin alpha M
[Acc:MGI:96607]

Sele —7.485 348 354 2.26E-06 Selectin, endothelial cell
[Acc:MGI:98278]

Tnf -3.106 793 322 0.001 041 127 Dipeptidase 3
[Acc:MGI:1919104]

111b -6.691 510 323 3.03E-15 Interleukin 1 beta
[Acc:MGI:96543]

Selp -5.493 604 907 0.000 246 497 Selectin, platelet
[Acc:MG1:98280]

llla -2.868 498 611 0.001 291 925 Interleukin 1 alpha
[Acc:MGI:96542]

116 -6.680 580 448 8.69E-10 Interleukin 6
[Acc:MGI:96559]

Ccl2 -3.595 195 39 0.000 166 186 Chemokine (C-C motif) ligand 2
[Acc:MGI:98259]

Ccl5 —2.732 516 098 7.97E-05 Chemokine (C-C motif) ligand 5
[Acc:MGI:98262]

Cxcl2 -8.941 144 426 1.19E-08 Chemokine (C-X-C motif) ligand 2
[Acc:MGI:1340094]

Cxcl3 -6.872 811 628 0.001 562 207 Chemokine (C-X-C motif) ligand 3
[Acc:MGI:3037818]

Cxcl10 —2.615 559 957 0.001 420 705 Chemokine (C-X-C motif) ligand 10
[Acc:MGI:1352450]

Cxcr2 -6.664 211 205 1.74E-14 Chemokine (C-X-C motif) receptor 2
[Acc:MGI:105303]

Ezr —1.031 002 504 0.002 131 919 Ezrin

[Acc:MGI:98931]

7 EBEEDFRED MRNA K ERIKIEF

X} G-csf. Itgam. Sele. Tnf. [11b A1 116 iX 6 4> < F 41
FERIEAT RT-PCR kM. 45 SRR W], &7 if 7 4 07 MR A
KBS AT LR I G-csf Tnf F1 111b (P<0.05, ¥ 8A.DE).
XtF ltgam (K1 8B), E4R 34N 2541 5 AL AL 2 [ #RE
Giit o 22 S, AR A I T A2 7 FIAR A 5L B X Itgam
()T B A T AR A S B (P<0.05). 7 Sele |- (K&

8C), &7 I 7= 4 J7 HR A 0 B IR R AR A 5L P i T 2 I
RN (P<0.05 B P<0.01), {H A& &7 ML = FIAR Y &2 Y
Wi A FH 2 25 A T A Ay S s A (P<0.05). 7E 116 (&
8F), EARET I T 43 75 ER AT A T TR R AR A R N i 2 R
R WEME (P>0.05), (HE FFEi&#H . RT-PCREER
b5 S A R AR — B, Ul R B B BOE
RIS R A B
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Figure 6 Shuxuening injection-regulated vital targets of stroke prognosis in mice. A: The core analysis of differentially expressed genes

shows that the No. 1 pathway—the granulocyte adhesion and diapedesis and its closely related 32 genes (light green + orange); B: The top

100 upstream regulators (light blue + orange) in differentially expressed genes; C: Protein-protein interactions of differentially expressed

genes present in both granulocyte adhesion and diapedesis pathway and upstream regulators
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Figure 7 The display diagram of the granulocyte adhesion and diapedesis pathway. The process mainly includes tethering, rolling and

activation, adhesion, diapedesis or extravasation, and transmigration (in pink). The 15 key genes were shown in light green, and G-CSF,

MAC-1, and E-selectin were enlarged
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Figure 8 Verification of mMRNA level expression of key targets. The mRNA expression of G-csf (A), Itgam (B), Sele (C), Tnf (D), II1b (E)
and 116 (F) in mice brain. n = 3, x +'s. "P<0.05, *P<0.01 vs model; YP<0.05, YYP<0.01 vs SXNI; 4P<0.05 vs YXZNZ

=

ELISA for G-CSF

2

¢

g

3
z
% 200
L&)
=
W~

g

MAC-1/GAPDH

Sham Model Ginaton SXNI YXZHT YXZNZ

MAC-T . —— - —

E-selectin --- --

GAPDI | ey G S D G

WB for E-selectin

E-selectin GAPDH

Figure 9 Verification of protein expression level of G-CSF, MAC-1 and E-selectin. A: The protein expression of G-CSF in mice brain via

ELISA. n = 4, x £ s; B: Representative Western blot (WB) images of MAC-1 and E-selectin protein expression in brain tissue after different
treatment; C, D: Quantification of WB results. n = 3, x + s. #P<0.01 vs sham; "P<0.05, "P<0.01 vs model; YP<0.05 vs SXNI; 4P<0.05 vs

YXZNZ

o A, A RIS 2 8 S i A s 2
24 h A LG, F5 8245 24 30 W S0k T, 7oA B0 14 B AL 2
30% & 3%5 15% (& 4AB), fixi /K it 25 55 27 0.5 mm
NPEFIZ0.25 mm (& 5)0, 35 EF I T 4 77 St
B S IARFP S R E AU« IRAh, ARHF FL 45 R R A
PR P AR A I R ED o) R AT I T RN A 2 TR R 2 K
(Bl 2~5) it ML (K18.9) ERURH AR Y, HHLT
RSN EREFIR T S A, X — e PR b T A
o3 Hp 2 W [ C AR A P (9 2 B2 D6 T AN [RI B LG A AR A
B A AR AT L P TR AL A R S R A T RS B O, A

Hik— LI .

WL 240 0 66 B 5 0 v 2 0 B 7 T, WE ST AR B 4
YN 2 ET IL T A T RAR A e P I TR 0E I 0 ) i e
% R 4T IR R 3R TR B VBRI B A R S AR
(B 7 ok (i k), SR REM A DR SAE R . Bk
M, i 2 A TS B BOMLAR R AR e L, AR A R L
WA 97 PR AR T G-CSFLTNF AT ILLB %5 % 1 A i 1 3%
A, A KL 55 P R A LR T 52 A 4 G kT 40 )
TR EIER R PIEF R MAC-1.CXCR2. LA
T (f4% CCL2.CCL5.,CXCL2.CXCL3.CXCL10)



PG MEAR AR TR S AR P TR S S A s B 4 D R W S AR HEATE FH A LT - 241

FIE, e A BH R M P R A0 R R AR ) B AR T 34
BRI SR .

AT FE B BHT RUCE T E HT A &Y I T v S A
2 J3 AR o TR A AR AT L P R A ST A i A /N
BRI 222 S o OR3P 4 FH F 90 ity b, @57 1 AT 2804 I R
e AR e TS ST A i A A L) i — 2B PR
TR A A AR A A A S T A R v 1 4
Fh I 502 0 3 B A R 4 T ek AR I DR B A
Mo UG5 SRR T ARAT A B R A AR AT e Y B AE AT 1
T4 7 R BRI G A TR S ) DR BE D T AN [, B
HRAT 5 AT LG AR A A 2 P R T A ) M A T e R AR
AT FATAFAE —2e R BR 1%, Bl © A sige K
FENW LI, X5 P R A A R O P B 5 1 R 41 B R
P 5 952 ) 65 A A AF B (9 20 B KSR R 9 @ X
AN I TS IR N, AT e 18E— 20 1) B G P B R fA
A0 Gn i Bz 2% R A PN T A SETE 97 96 1 AR HR T Y
280 FH 25 2L, DI DR b AR A g B i) —
IR S PIRE 2 A7, @ ZIE B 7 2 A it
PRI B MR AR, B2 1 Atk B8 8 00 ) 8 240 iR )
1) 24 0 A8, AT 3 e 2% 0 6 W M i AR R R 8 BT TR A
FH, AT 5 AH G R Bt 9T

gk Lk, AR ARG R ILT 2TT VR A
e T IR RIVER A P T T DA R It e 2 e BRI B B
AS[F] P2 FE R i G-CSFMAC-1.E i % & S 80 FE K/
T FRIE, HIHDRL SR P 5 R R, AR 2
TS B BRI AR, RIERR A DIRe K SAE R . AR
BB KECN: SN2 ~FF LT 407> S N B> R
RTE P, R AR SN TS TE AR AT SR U IR T G A
T 1 LR A S R i, X 5 2 BT TR S
oG A e PR RFF 7S 45 R — B, BIAR AT A P S L R A L B
A ) T i PR 4 A 1Y, SR 22 SR T R A DR T AR
A5 55 P9 T B o8 ) I i B BRSO e TR, oz, AN
FAETTRR IR B R B SR Ak Ak J7 Fn 3R 1)
TR BRI G 2 TR 1) R SR 2P e A S

e BUmk: 2L I IR %, 1 IR % T 5
WA, BEEMERALME L, S5 2MERHARE 7K
S MG SIS A FRERE RS T TR R MK
B BT LI T I IR PR 7 IR T BN S5 TS
Sy M S I 2] TR 1.

FUIZEMSE: A SCHIWEIE N B TAE R 2 v 5%

References

[1] Omidkhoda SF, Razavi BM, Hosseinzadeh H. Protective effects
of Ginkgo biloba L. against natural toxins, chemical toxicities,

and radiation: a comprehensive review [J]. Phytother Res, 2019,

(2

(3]

(41

(5]

(6]

(71

(8]

[°]

[10]

[11]

[12]

[13]

[14]

[15]

33: 2821-2840.

Tian J, Liu Y, Chen K. Ginkgo biloba extract in vascular protec-
tion: molecular mechanisms and clinical applications [J]. Curr
Vasc Pharmacol, 2017, 15: 532-548.

Tulsulkar J, Glueck B, Hinds TD, et al. Ginkgo biloba extract
prevents female mice from ischemic brain damage and the
mechanism is independent of the HO1/Wnt pathway [J]. Transl
Stroke Res, 2016, 7: 120-131.

Zeng GR, Zhou SD, Shao Y], et al. Effect of Ginkgo biloba
extract-761 on motor functions in permanent middle cerebral
artery occlusion rats [J]. Phytomedicine, 2018, 48: 94-103.

Li Z, Xiao G, Lyu M, et al. Shuxuening injection facilitates
neurofunctional recovery via down-regulation of G-CSF-mediated
granulocyte adhesion and diapedesis pathway in a subacute stroke
mouse model [J]. Biomed Pharmacother, 2020, 127: 110213.
Chen J, Zhang X, liu J, et al. Progress on clinical application of
shuxuening injection [J]. Chin J Drug Eval (1 [ 25 % iF 117),
2015, 32: 297-301.

Ma H, Li J, An M, et al. A powerful on line ABTS*-CE-DAD
method to screen and quantify major antioxidants for quality con-
trol of shuxuening injection [J]. Sci Rep, 2018, 8: 5441.

Chen F, Li L, Xu F, et al. Systemic and cerebral exposure to and
pharmacokinetics of flavonols and terpene lactones after dosing
standardized Ginkgo biloba leaf extracts to rats via different
routes of administration [J]. Br J Pharmacol, 2013, 170: 440-457.
Liebgott T, Miollan M, Berchadsky Y, et al. Complementary
cardioprotective effects of flavonoid metabolites and terpenoid
constituents of Ginkgo biloba extract (EGb 761) during ischemia
and reperfusion [J]. Basic Res Cardiol, 2000, 95: 368-377.
Benjamin EJ, Virani SS, Callaway CW, et al. Heart disease and
stroke statistics-2018 update: a report from the American Heart
Association [J]. Circulation, 2018, 137: e67-e492.

Broussalis E, Killer M, McCoy M, et al. Current therapies in
ischemic stroke. Part A. Recent developments in acute stroke
treatment and in stroke prevention [J]. Drug Discov Today, 2012,
17: 296-309.

Re-examining Acute Eligibility for Thrombolysis Task Force,
Levine SR, Khatri P, et al. Review, historical context, and clarifi-
cations of the NINDS rt-PA stroke trials exclusion criteria. Part
1: rapidly improving stroke symptoms [J]. Stroke, 2013, 44:
2500-2505.

Wang Y, Liao X, Zhao X, et al. Using recombinant tissue plas-
minogen activator to treat acute ischemic stroke in China: analy-
sis of the results from the Chinese National Stroke Registry
(CNSR) [J]. Stroke, 2011, 42: 1658-1664.

Man S, Xian Y, Holmes DN, et al. Association between thrombo-
lytic door-to-needle time and 1-year mortality and readmission
in patients with acute ischemic stroke [J]. JAMA, 2020, 323:
2170-2184.

Qin X, Akter F, Qin L, et al. Adaptive immunity regulation and



242

Z4%% %4 Acta Pharmaceutica Sinica 2021, 56(1): 231 —243

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

cerebral ischemia [J]. Front Immunol, 2020, 11: 689.

Rossi B, Angiari S, Zenaro E, et al. Vascular inflammation in
central nervous system diseases: adhesion receptors controlling
leukocyte-endothelial interactions [J]. J Leukoc Biol, 2011, 89:
539-556.

Lyu M, Cui Y, Zhao T, et al. Tnfrsf12a-mediated atherosclerosis
signaling and inflammatory response as a common protection
mechanism of shuxuening injection against both myocardial and
cerebral ischemia-reperfusion injuries [J]. Front Pharmacol,
2018, 9: 312.

Xiao G, Lyu M, Wang Y, et al. Ginkgo flavonol glycosides or
ginkgolides tend to differentially protect myocardial or cerebral
ischemia-reperfusion injury regulation of TWEAK-Fn14 signaling
in heart and brain [J]. Front Pharmacol, 2019, 10: 735.

Li Y, Chopp M, Chen J, et al. Intrastriatal transplantation of bone
marrow nonhematopoietic cells improves functional recovery
after stroke in adult mice [J]. J Cereb Blood Flow Metab, 2000,
20: 1311-1319.

Sanchez HL, Silva LB, Portiansky EL, et al. Dopaminergic
mesencephalic systems and behavioral performance in very old
rats [J]. Neuroscience, 2008, 154: 1598-1606.

Caballero-Garrido E, Pena-Philippides JC, Galochkina Z, et al.
Characterization of long-term gait deficits in mouse dMCAO,
using the CatWalk system [J]. Behav Brain Res, 2017, 331:
282-296.

Liu NW, Ke CC, Zhao Y, et al. Evolutional characterization of
photochemically induced stroke in rats: a multimodality imaging
and molecular biological study [J]. Transl Stroke Res, 2017, 8:
244-256.

McBride DW, Klebe D, Tang J, et al. Correcting for brain
swelling's effects on infarct volume calculation after middle
cerebral artery occlusion in rats [J]. Transl Stroke Res, 2015, 6:
323-338.

Orgah JO, Yu J, Zhao T, et al. Danhong injection reversed
cardiac abnormality in brain-heart syndrome via local and
remote beta-adrenergic receptor signaling [J]. Front Pharmacol,
2018, 9: 692.

Liao HJ, Zheng YF, Li HY, et al. Two new ginkgolides from
the leaves of Ginkgo biloba [J]. Planta Med, 2011, 77: 1818-
1821.

Mohanta TK, Tamboli Y, Zubaidha PK. Phytochemical and
medicinal importance of Ginkgo biloba L [J]. Nat Prod Res,
2014, 28: 746-752.

van Beek TA, Montoro P. Chemical analysis and quality control
of Ginkgo biloba leaves, extracts, and phytopharmaceuticals [J].
J Chromatogr A, 2009, 1216: 2002-2032.

Motuel J, Biette I, Srairi M, et al. Assessment of brain midline
shift using sonography in neurosurgical ICU patients [J]. Crit
Care, 2014, 18: 676.

Eyles JL, Hickey MJ, Norman MU, et al. A key role for G-CSF-

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

induced neutrophil production and trafficking during inflam-
matory arthritis [J]. Blood, 2008, 112: 5193-5201.

Eberle M, Ebel P, Mayer CA, et al. Exacerbation of experimental
autoimmune encephalomyelitis in ceramide synthase 6 knockout
mice is associated with enhanced activation/migration of neutro-
phils [J]. Immunol Cell Biol, 2015, 93: 825-836.

Ohsaka A, Saionji K, lgari J. Granulocyte colony-stimulating
factor administration increases serum concentrations of soluble
selectins [J]. Br J Haematol, 1998, 100: 66-69.

Dagia NM, Gadhoum SZ, Knoblauch CA, et al. G-CSF induces
E-selectin ligand expression on human myeloid cells [J]. Nat
Med, 2006, 12: 1185-1190.

Silvescu Cl, Sackstein R. G-CSF induces membrane expression
of a myeloperoxidase glycovariant that operates as an E-selectin
ligand on human myeloid cells [J]. Proc Natl Acad Sci U S A,
2014, 111: 10696-10701.

Fusté B, Mazzara R, Escolar G, et al. Granulocyte colony-stimu-
lating factor increases expression of adhesion receptors on endo-
thelial cells through activation of p38 MAPK [J]. Haematologica,
2004, 89: 578-585.

Birks J, Grimley EV, Van Dongen M. Ginkgo biloba for cogni-
tive impairment and dementia [J]. Cochrane Database Syst Rev,
2002, (4): CD003120 .

Liu H, Ye M, Guo H. An updated review of randomized clinical
trials testing the improvement of cognitive function of Ginkgo
biloba extract in healthy people and Alzheimer's patients [J].
Front Pharmacol, 2019, 10: 1688.

Liu Y, Ji Y, Ma M. Clinical application and mechanism of
ginaton injection [J]. Proc Clin Med (IIfi F [25 24 52 i), 2005, 14:
91-92.

Chang J, Yao X, Zou H, et al. BDNF/PI3K/Akt and Nogo-A/
RhoA/ROCK signaling pathways contribute to neurorestorative
effect of Houshiheisan against cerebral ischemia injury in rats
[J]. J Ethnopharmacol, 2016, 194: 1032-1042.

Deng YK, Wei F, An BQ. Effects of ginaton on the markers of
myocardial injury during cardiopulmonary bypass [J]. Chin J
Integr Tradit Chin West Med (" [¥ 1 1§ £ 45 & 7% 7)), 2006, 26:
316-318.

Li X, Zhang D, Bai Y, et al. Ginaton improves neurological
function in ischemic stroke rats via inducing autophagy and
maintaining mitochondrial homeostasis [J]. Neuropsychiatr Dis
Treat, 2019, 15: 1813-1822.

Miao M, Zhang X, Bai M, et al. Persimmon leaf flavonoid
promotes brain ischemic tolerance [J]. Neural Regen Res, 2013,
8:2625-2632.

Rendeiro C, Guerreiro JD, Williams CM, et al. Flavonoids as
modulators of memory and learning: molecular interactions
resulting in behavioural effects [J]. Proc Nutr Soc, 2012, 71: 246-
262.

Vauzour D. Effect of flavonoids on learning, memory and neuro-



PG MEAR AR TR S AR P TR S S A s B 4 D R W S AR HEATE FH A LT - 243

[44]

[45]

cognitive performance: relevance and potential implications for
Alzheimer's disease pathophysiology [J]. J Sci Food Agric, 2014,
94: 1042-1056.

Feng Z, Sun Q, Chen W, et al. The neuroprotective mechanisms
of ginkgolides and bilobalide in cerebral ischemic injury: a
literature review [J]. Mol Med, 2019, 25: 57.

Wang WP, Liu N, Kang Q, et al. Simultaneous determination
by UPLC-MS/MS of seven bioactive compounds in rat plasma
after oral administration of Ginkgo biloba tablets: application to
a pharmacokinetic study [J]. J Zhejiang Univ Sci B, 2014, 15:
929-939.

[46]

[47]

[48]

Perego C, Fumagalli S, De Simoni MG. Response by Perego et
al to letter regarding article, "combined genetic deletion of IL
(interleukin) -4, IL-5, IL-9, and IL-13 does not affect ischemic
brain injury in mice" [J]. Stroke, 2019, 50: e330.

Konczol A, Rendes K, Dekany M, et al. Blood-brain barrier
specific permeability assay reveals N-methylated tyramine
derivatives in standardised leaf extracts and herbal products of
Ginkgo biloba [J]. J Pharm Biomed Anal, 2016, 131: 167-174.
Ma 'S, Liu X, Xu Q, et al. Transport of ginkgolides with different
lipophilicities based on an hCMEC/D3 cell monolayer as a

blood-brain barrier cell model [J]. Life Sci, 2014, 114: 93-101.



