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Preclinical research progress of enlarging thrombolysis time window of
ischemic stroke with tissue type plasminogen activator treatment
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[ Abstract] Stroke is a common disease in the elderly. The high morbidity, mortality and disability of stroke have
threatened human health seriously. So far, thrombolytic therapy is the most effective treatment for cerebral ischemic stroke,
and tPA is the only thrombolytic drug for the treatment of stroke which has been approved by the US FDA. However, the
time window of tPA is only 4. 5 hours and very few people could receive thrombolysis during this period. Moreover, when
the therapeutic time window of tPA is more than 4.5 hours, the incidence of hemorrhagic transformation will significantly
increase, then leads to the rapid increase of the mortality of stroke. Clinically, the method of combination therapy is usually
used to prolong the therapeutic window of tPA, which is in order to reduce the adverse effects of thrombolysis. HT is one
the most serious complications of patients who take the tPA thrombolytic therapy and it limits the clinical application
greatly. This article reviews the therapeutic drugs that can be used in combination therapy to expand the therapeutic time
window of tPA and at the same time don’ t increase the probability of hemorrhagic transformation during animal experiment.
We aim to provide a research basis for improving the overall effect of tPA.
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ZEE E 7 PAEWTFE BE (national institutes of health,
NIH) £ 41T Ry 2H 23 700 21 375 Tl ) 384905 771) (tissue type
plasminogen activator, tPA) {77 201 Jiki 15 58 19 5 14
WRITITIEIG N AE 3 h 4, 2008 AR bk A Hh b
5T I (the european cooperative acute stroke study,
ECASS-3) il i 52 45 o, (PA B 2R Y7 N IH]
BT F 4.5 W' WA (PA (936 T I 1A
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( hemorrhagic transformation , HT) 7] D 5 2 i 2% H £&
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FE 514> J@ 25 1 ¥ ( matrix metalloproteinase , MMPs ) J&
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K FH -9 ( matrix metalloproteinase-9 , MMP-9 ) FI 3 JiT
4 J& F5 -2 ( matrix metalloproteinase-2 , MMP-2 ) 3
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YNARLAFTE S | o4k LA B R 2 40 B T RE ) — 2
WEAAERRET AR EN, 55K R
U BRI B KE] 6 h 44T G-CSF (300 pg/kg,
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Ang-1 F1 G-CSF REHS 5 3N kAR 38 2 5 tPA VYT 2
PR G A R A I PR TS DAL X B A
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FHRAIRIT R, DU E — 20 32 i i 5 1 i i IR
RIS,

3 Hit
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REXTHLAE R (PA SR A R R, iz E S
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BIRITAH R RS B 25 7 PA AR BARLL, A )5
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WAEIFEIR (PA 5| B (9 MMP-9 7K -8 it 11 ifL Jii
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SR AR I 57 B, DT R4 A2 3R tPA i R AN B
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HAbSh Y B ALA A FE i — 2055 HAE ML
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EPO A LAyl BRUI 5k M P08 13 24 h AORRAE R L
e ) = O i 7 A ) N S S T E
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FEE RN RTIUS AS B 1% 2835, 0003 442 J 174 3 1 XL
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TRk v B ik BE A ZE 5 | Y Sk Sl i PR A B
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B, MEREZE 4 A 2500 ok ot P i A v i Y
DIfe A .

S 3k

[1] Hacke W, Kaste M, Bluhmki E, et al. Thrombolysis with alte-
plase 3 to 4.5 hours after acute ischemic stroke[ J]. N Engl J
Med,2008,359(13) ;1317 - 1329.

[ 2] Neuyen H, Liska MG, Crowley MG, et al. Stem Cell-Paved Bio-
bridge: A Merger of Exogenous and Endogenous Stem Cells To-

ward Regenerative Medicine in Stroke [ OL]. https://link.



122

rP ] LA R 2 2R A5 2018 4E 8 4 28 4 8 1Y)

Chin J Comp Med, August 2018 ,Vol. 28. No. 8

[5]

[10]

[11]

[12]

[13]

[15]

[16]

springer. com/ chapter/10. 1007% 2F978 -3 - 319 - 66679 -2
_8.

Leigh R, Jen SS, Hillis AE, et al. Pretreatment blood-brain bar-
rier damage and post-treatment intracranial hemorrhage in patients
receiving intravenous tissue-type plasminogen activator [ J ].
Stroke, 2014, 45(7) :2030 —2035.

Nagaraja N, Tasneem N, Shaban A, et al. Cerebral Microbleeds
are an Independent Predictor of Hemorrhagic Transformation Fol-
lowing Intravenous Alteplase Administration in Acute Ischemic
Stroke [ J ]. ] Stroke Cerebrovasc Dis, 2018, 27 (5): 1403
—1411.

Rent A, Laredo C, Tudela R, et al. Brain hemorrhage after en-
dovascular reperfusion therapy of ischemic stroke: a threshold-
finding whole-brain perfusion CT study[J]. J Cereb Blood Flow
Metab, 2017, 37(1) ;153 - 165.

Venkat P, Shen Y, Chopp M, et al. Cell-based and pharmaco-
logical neurorestorative therapies for ischemic stroke[ J]. Neurop-
harmacology ,2018 ,134 (Pt B) :310 —322.

Koistinaho J, Koistinaho M. Minocycline, A Tetracycline Deriva-
tive, as a Potential Protective Agent for Acute Stroke[ OL]. ht-
tps://link. springer. com/book/10. 1007/978 -1 - 4614 - 8915
-3.

Murata Y, Rosell A, Scannevin RH, et al. Extension of the
thrombolytic time window with minocycline in experimental stroke
[J]. Stroke, 2008,39(12) :3372 -3377.

Machado LS, Sazonova IY, Kozak A, et al. Minocycline and tis-
sue-type plasminogen activator for stroke: assessment of interac-
Stroke, 2009, 40(9) :3028 —3033.

Naderi Y, Sabetkasaei M, Parvardeh S, et al. Neuroprotective

tion potential[ J].

effects of pretreatment with minocycline on memory impairment
following cerebral ischemia in rats[ J]. Behav Pharmacol 2017,
28(2 and 3-Spec Issue) :214 —222.

Yang I, Zhou L., Wang D, et al. Minocycline ameliorates hypox-
ia-induced blood-brain barrier damage by inhibition of HIF-la
through SIRT-3/PHD-2 degradation pathway[ J].
2015, 304:250 -259.

Neuroscience,

Matsukawa N, Yasuhara T, Hara K, et al. Therapeutic targets
and limits of minocycline neuroprotection in experimental ische-
mic stroke[ J]. Bme Neurosci, 2009, 10:126.

Hong H, Mackey WC. The limits of evidence in drug approval
and availability: a case study of cilostazol and naftidrofuryl for the
treatment of intermittent claudication[ J]. Clin Ther, 2014, 36
(8):1290 -1301.

Ishiguro M, Mishiro K, Fujiwara Y, et al. Phosphodiesterase-III
inhibitor prevents hemorrhagic transformation induced by focal
cerebral ischemia in mice treated with tPA[ J]. PLoS One,2010,
5(12) .el5178.

Hao JL, Nagano T, Nakamura M, et al. Galardin inhibits colla-
gen degradation by rabbit keratocytes by inhibiting the activation
of pro-matrix metalloproteinases [ J ]. Exp Eye Res, 1999, 68
(5):565 -572.

Breschi L, Martin P, Mazzoni A, et al. Use of a specific MMP-

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

inhibitor ( galardin) for preservation of hybrid layer[ J]. Dent
Mater, 2010, 26(6) ;571 -578.

Mishiro K, Ishiguro M, Suzuki Y, et al. A broad-spectrum ma-
trix metalloproteinase inhibitor prevents hemorrhagic complica-
tions induced by tissue plasminogen activator in mice[ J]. Neuro-
science, 2012, 205(2) :39 -48.

HkHEF]. TNF-oo [ VEGF B ET-1 76 o il 6 i 4 1 it e J#) 1 i
HA 1 Rk R H MR [D]. Wb BEER K
2, 2015.

Shibuya M, Suzuki Y, Sugita K, et al. Effect of AT877 on cere-
bral vasospasm after aneurysmal subarachnoid hemorrhage. Re-
sults of a prospective placebo-controlled double-blind trial[ J]. J
Neurosurg, 1992, 76(4) ;571 -577.

Ishiguro M, Kawasaki K, Suzuki Y, et al. A Rho kinase
(ROCK) inhibitor, fasudil, prevents matrix metalloproteinase-9-
related hemorrhagic transformation in mice treated with tissue
plasminogen activator[ J]. Neuroscience, 2012, 220 (38) :302
-312.

Fu H, Hosomi N, Pelisch N, et al. Therapeutic effects of postis-
chemic treatment with hypotensive doses of an angiotensin II re-
ceptor blocker on transient focal cerebral ischemial J]. J Hyper-
tens, 2011, 29(11) :2210 -2219.

Ishrat T, Pillai B, Ergul A, et al. Candesartan Reduces the
Hemorrhage Associated with Delayed Tissue Plasminogen Activa-
tor Treatment in Rat Embolic Stroke[ J]. Neurochem Res, 2013,
38(12) :2668 -2677.

Suzuki Y, Nagai N, Umemura K, et al. Stromelysin-1 ( MMP-3)
is critical for intracranial bleeding after t-PA treatment of stroke in
mice[ J]. J Thromb Haemost, 2007, 5(8) ;1732 -1739.
Atochin DN, Huang PL. Endothelial nitric oxide synthase trans-
genic models of endothelial dysfunction [ J]. Pflugers Arch,
2010, 460(6) :965 —974.

Tan Z, Turner RC, Leon RL, et al. Bryostatin improves survival
and reduces ischemic brain injury in aged rats after acute ische-
mic stroke[ J]. Stroke, 2013, 44(12) :3490 —3497.

Tan Z, Lucke-Wold BP, Logsdon AF, et al. Bryostatin extends
tPA time window to 6 h following middle cerebral artery occlusion
in aged female rats [ J]. Eur J Pharmacol, 2015, 764 .404
-412.

Ding Q, Chai H, Mahmood N, et al. Matrix metalloproteinases
modulated by protein kinase Ce mediate resistin-induced migra-
tion of human coronary artery smooth muscle cells[ J]. J Vasc
Surg, 2011, 53(4) :1044 —1051.

Keep RF, Zhou N, Xiang J, et al. Vascular disruption and
blood-brain barrier dysfunction in intracerebral hemorrhage[ J].
Fluids Barriers CNS, 2014, 11(1) :18.

SRELEC. 5 AR 0 e PP A 0% 7 e L A A LA AR
fEm[D]. &R, 2014.

LA, REREE, BAE, AR B RS Y RIS T
FEMERELI]. AEMBRER, 2017, 7(2) 1116 - 120.

Zuo W, Chen J, Zhang S, et al. IMM - HO04 prevents toxicity

induced by delayed treatment of tPA in a rat model of focal cere-



HE LA R 2R 24 2018 4 8 H 45 28 B:55 8 1 Chin J Comp Med, August 2018, Vol. 28. No. 8

123

[32]

[33]

[34]

[35]

[37]

[38]

[39]

bral ischemia involving PKA - and PI3K - dependent Akt acti-
vation[ J]. Eur J Neurosci, 2014, 39(12) :2107 -2118.
Metcalf D. The molecular biology and functions of the granulocyte-
macrophage colony-stimulating factors [ J ]. Blood, 1986, 67
(2):257 -267.

Dela Peiia IC, Yang S, Shen G, et al. , Abstract TP350; Exten-
sion of tPA Treatment Window With Granulocyte-colony Stimula-
ting Factor in a Thromboembolic Rat Model of Stroke[ J]. Int J
Mol Sci,2018,19(6) : E1635.

Sobrino T, Millan M, Castellanos M, et al. Association of growth
factors with arterial recanalization and clinical outcome in patients
with ischemic stroke treated with tPA[J].
2010, 8(7) :1567 - 1574.

Yen JH. Immunomodulatory effect of G-CSF on the CNS infiltra-

J Thromb Haemost,

ting monocytes in ischemic stroke [ J]. Brain Behav Immun,
2017, 60:13 —14. .

Ticinesi A, Meschi T, Lauretani F, et al. Nutrition and Inflam-
mation in Older Individuals; Focus on Vitamin D,n-3 Polyunsat-
urated Fatty Acids and Whey Proteins: [ J]. Nutrients, 2016, 8
(4).186.

Allahtavakoli M, Amin F, Esmaeeli-Nadimi A, et al. Ascorbic
Acid Reduces the Adverse Effects of Delayed Administration of
Tissue Plasminogen Activator in a Rat Stroke Model[ J]. Basic
Clin Pharmacol Toxicol, 2015, 117(5) :335 -339.

Culp WC, Brown AT, Lowery JD, et al. Dodecafluoropentane E-
mulsion Extends Window for tPA Therapy in a Rabbit Stroke
Model[ J]. Mol Neurobiol, 2015, 52(2) :979 -984.

BhTLE, WiEdE, HeROF. BNIP3 78 thEPO {3k A B4 i

[40]

[41]

[42]

[43]

[44]

[45]

VIBRE AT RAE P /I [D]. P iR E 20k, 2013, 23
(5):50 -54.

Korninger C, Collen D. Studies on the specific fibrinolytic effect
of human extrinsic ( tissue-type) plasminogen activator in human
blood and in various animal species in vitro[ J]. Thromb Haem-
ost, 1981, 46(2) :561 -565.

Gao Y, Mengana Y, Cruz YR, et al. Different expression pat-
terns of Ngb and EPOR in the cerebral cortex and hippocampus
revealed distinctive therapeutic effects of intranasal delivery of
Neuro-EPO for ischemic insults to the gerbil brain[ J]. J Histo-
chem Cytochem, 2011, 59(2) :214 -227.

Bentley P, Ganesalingam J, Carlton Jones AL, et al. Prediction
of stroke thrombolysis outcome using CT brain machine learning
[J]. Neuroimage Clin, 2014, 4.635 - 640.

Nogueira RG, Jadhav AP, Haussen DC, et al. Thrombectomy 6
to 24 Hours after Stroke with a Mismatch between Deficit and In-
farct[ J]. N Engl J Med, 2018,378(1) :11 —-21.

Berkhemer OA, Fransen PS, Beumer D, et al. A randomized tri-
al of intraarterial treatment for acute ischemic stroke[ J]. N Engl
J Med,2015,372(1) :11 -20.

Minnerup J, Wersching H, Teuber A, et al. Outcome After
Thrombectomy and Intravenous Thrombolysis in Patients With A-
cute Ischemic Stroke: A Prospective Observational Study[J].
Stroke, 2016, 47(6) :1584 —1592.

(Y FBHHEA)2017 -10 -25



