Use of tinobsaponin BlIl in the preparation of a nedicanent or product for
the prevention and treatnent of stroke Technical field The present invention
relates to use of tinobsaponin BlIl, in particular the use of tinpbsaponin Bl
in the preparation of a nmedicanent or product for the prevention and
treatment of stroke (apoplexy). Background Art Stroke (apopl exy) involves
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w Il develop to death; even survivors will lose their work ability or
self-care ability due to sequelae such as hem pl egia and aphasia. At
present, thelchifical field treatnents available for stroke: One is to relieve
deficiency of oxygen and glucose in arteries via increasing blood flow, the

other is thePppésesit iNGention felaveh tdhrekoNtimesapunineBlh, impaetichlarcer ebr al

i sehemi a and excitotoxicity. Cinically used neuron protective agents

i ncl ude calkleé upsec dntitogdpesiiar Bl dnutlergirepaeatiphoof antmedivamentiod  NVDA
ant agoni sts etc. However, in view of the high norbidity, nortality and

di sabi | i t y prathast fohthe paeeehtbondand treatmeint pfostroke (ppepéexybn and
treatment of stroke, which is far fromenough to neet clinical need.

Rhi zome Anenarrhenae as an herbal nedicine, is rhizome of Anenarrhena
asphodel oi des Bge, anemarrhena of famly Liliaceae, which is mainly
produced i BagkgroundArt Mongol i a, Shanxi and northeast China. In

traditi O”a'St%ﬂeniiioﬁgiﬁi r}rel’vo.\tfesi Sude e% Toss obti eural function due to
disturbance in cerebral perfusion owing to intracranial and
extracranial angiemphraxis or angiorrhexis, which seriously harms the
health of the aged and middle-aged as a main cause of disability and
death. About one third of patients attacked by the disease will develop
to death; even survivors will lose their work ability or self-care ability
due to sequelae such as hemiplegia and aphasia. At present, there are
two treatments available for stroke: One is to relieve deficiency of
oxygen and glucose in arteries via increasing blood flow; the other is
to protect neuron through blocking neuron death caused by cerebral
ischemia and excitotoxicity. Clinically used neuron protective agents
include calcium channel blockers, glutamate receptor antagonists and
NMDA antagonists etc. However, in view of the high morbidity,
mortality and disability rates, there are few drugs developed for
prevention and treatment of stroke, which is far from enough to meet
clinical need.
Rhizome Anemarrhenae as an herbal medicine, is rhizome of
Anemarrhena asphodeloides Bge, anemarrhena of family Liliaceae,
which is mainly produced in Hebei, Inner Mongolia, Shanxi and
northeast China. In traditional Chinese medicine, it is used as a bitter
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| cold heat-cleari ng" drug w t‘r“\“ ef f_éct s of relieving exogenous febricity,
hyper pyrexi a and pol ydi psia, |ung-heat and dry cough, osteopyrexia and
fever, calor internus and di abetes and dryness of the intestine and

consti pation. Essential conponent of anemarrhenae is steroidal saponins. To
date, 32 kinds of steroidal saponins and sapogenin isolated from
anemar r henae have been reported. as well as other conponents _such as
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formul a shown as follow. 2 ~lu

1963, but did not ¢lucidate its chemical structure. Seiji Nagumo et
al. elucidated the chemical structure of timosaponin Bl first in 1991
(Seiji NAGUMO et al, J. Pharm. (Japanese), 1991; 111(1): 306-310).
From then on, extraction and activity determination of Timosaponin
BI1 were reported by Noboru Nakashima (NOBORU NAKASHIMA
et al, Journal of Natural Products, 1993; 56(3): 345-350), Ma Bai ping
(Ma BP et al., Yao Xue Xue Bao, 1996; 31(4): 271 —277), Masayasu
Kimula (Masayasu KIMURA et al, Biol.Pharm.Bull, 1996; 19(7):
926-931), Jianying Zhang (Jianying ZHANG et al, Clinica Chimica
Acta, 1999; 289: 79-88) successively.

Timosaponin BII, also called Prototimosaponin Alll, is the essential
component of anemarrhenae. Its  chemical name s
(255)-26-0-B-D-glucopyranosyl-22-hydroxy-5p-furostane-3B,26-diol-
3-0-B-D-glucopyranosyl{1—2)-p-D-galactopyranoside, with

structural formula shown as follow:



Gl 1 2 du The pharnacol ogical activities of Tinpsaponin Bll that have
been reported mainly include: 1. Hypoglycem c activity. Tinosaponin BlIl can
| ower bl ood sugar |evel in streptozocin-induced diabetic nouse wi thout
pronoti ng absorption of glucose and rel ease of insulin. The mechani sm of
reduci ng bl ood glucose is supposed to be the inhibition of |iver sugar
deconposi ti on (NOBORU NAKASHI VA et al, Journal of Natural Products, 1993;
56(3): 345-350) 2. Inhibition of platelet aggregation. Tinosaponin BI
possesses activity of obviously inhibiting platefgt aggregation and
prolonging clotting tinme (Jianying ZHANG et at, ! inica Chimca Acta, 1999;
289:79-88). 3. Cearance of free radicals. Qbs
met hod shows that tinosaponin Bll can clear 573 fr-- radi cal s generated
from Fenton reaction system (Ma BP, et "al. X e~ Bao, 1996; 31(4):
271-277). 4. Anti-denentia activity. Ma Hai ping et al. reported that

ti nosaponin BIl have preventive and therjapeutijc effect against senile
denmentia 3 (Chinese Patent Appli.e op-Publi-€ati on No. CN 1212966,
Application No. 97119680. X). : g et al. reported the use of
total Tinbsaponins in 3 dnments for prevention and
treatnent of stroke ' F W Appl i cation Publication No. CN1451384A

Glu

The pharmacological activities of Timosaponin BII that have been
reported mainly include:

1. Hypoglycemic activity. Timosaponin BII can lower blood sugar
level in streptozocin-induced diabetic mouse without promoting
absorption of glucose and release of insulin. The mechanism of
reducing blood glucose is supposed to be the inhibition of liver sugar
decomposition (NOBORU NAKASHIMA et al, Journal of Natural
Products, 1993; 56(3): 345-350)

2. Inhibition of platelet aggregation. Timosaponin BIl possesses
activity of obviously inhibiting platelet aggregation and prolonging
clotting time (Jianying ZHANG et al, Clinica Chimica Acta, 1999
289:79-88).

3. Clearance of free radicals. Observation via paramagnetic method
shows that timosaponin BII can clear 57% free radicals generated
from Fenton reaction system (Ma BP, et al. Yao Xue Xue Bao, 1996;
31(4): 271—277). |

4, Anti-dementia activity. Ma Bai ping et al. reported that timosaponin

BII have preventive and therapeutic effect against senile dementia
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Contents of the invention
After years of intensive research, the present inventors first found and

confirmed the activity of timosaponin BII alone in the prevention and

treatment of stoke. Said compound can significantly ameliorate

neurological symptoms in ischemic rats, reduce size of cerebral
infarction and relieve the extent of cerebral edema; and significant
improve the hemorheology in the model animals and reduce
inflammatory injury caused by cerebral ischemia.

Therefore, the present invention relates to the use of timosaponin BII
in the preparation of a medicament or product for the prevention or
treatment of stroke.

The present invention also relates to a pharmaceutical composition or
product for the prevention or treatment of stroke, comprising
timosaponin BII as the active ingredient and a pharmaceutically
acceptable carrier or excipient.

According to the present invention, timosaponin BII is used in a
substantially pure form, e.g. the purity of timosaponin BIl being
290%.

According to the present invention, the pharmaceutical composition or
product comprising timosaponin BIl can be administered through
various routes, and formulated into various dosage forms, e.g. oral
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According to the present inventi on,mconti nu“ous adm ni stration of

ti nosaponin Bll (20nmg/ kg and 40ng/ kg) for 7 days could significantly | ower
t he neurol ogi cal synptom score in rats having mddle cerebral artery (MCA)
t hronbosis, and significantly reduce the cerebral infarct size in the nodel
rats; admnistration at 40ng/kg could significantly reduce the water
content of brain when conpared wth the nodel group (p<0.05, p<0.01).
Accor di ng dasagiee formsentsuchvear i ontablgbcueapmdas sojutan,orsuspensibmnal i ne

pl us ice-water inmersion thod could lead to an acute bl ooﬁ stasis rat
model , andPaenieiad OsREE qsm&,iwgra%ﬁnﬂnmtwmemgm,m kgtc-40ny/ kg)
could signjficaptly reduce the ol e Dblood and plasmg, vi scosities under

i ohe i QdhGOGRANES 5P < Hi PRCRERE, RNy SOBMTHAUS BRI HISERIORE (0. 05,
p<0.01). Tinosaponin 40mm/ kg _could signifi gantly iyprove th

def or mat | EH“QB?B?PV’ o%ﬁer@qmgzggeg%n nc‘l‘%& tﬁ I eryt ﬂggéyt%oume

enbol i ¢t v eaHiGHhy e 3B BERtoR e SsPER B TGHE F Far hating O0) - T
cerebral -i I 82 f S = . o] erm ne
corebral R, Sofgbig] 56 (MG SlomBR¥ AR B aRty Credifler
shoved  hahelddrRBAAOTHArEY bizboth Pho'POUERRItsPLBFHrHib NSl off SCEDnRgRINS the
infl ammat ory responses in Ischém a-reperfusion nodel rats. To m-up,

o of | G R e SO ed o
further ilithtthatQolded g’raupr@ccm_os,lpno_oqg_ meant to be limting in any way.
According to the present invention, subcutaneous injection of
adrenaline plus ice-water immersion method could lead to an acute
blood stasis rat model, and administration of timosaponin BII
(10mg/kg, 20mg/kg, 40mg/kg) could significantly reduce the whole
blood and plasma viscosities under high, middle and low shear rates,
as compared with the model group (p<0.05, p<0.01). Timosaponin BII
at 40mg/kg could significantly improve the deformation ability of
erythrocytes, and reduce the erythrocyte agglutination index, as
compared with the model group (p<0.0S, p<0.01).
The embolic thread method was employed in the preparation of
cerebral-ischemia-reperfusion rat model, and ELISA was used to
determine the levels of IL-1B, TNF-a, IL-10 and TGF-B in each group.
The results showed that timosaponin BII had significant protective
effect against the inflammatory responses in ischemia-reperfusion
model rats.
To sum up, timosaponin BII has utility in the prevention and treatment
of stroke.
Modes of Carrying Out the Invention
The following examples are intended to further illustrate the invention,

but not meant to be limiting in any way.
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5 Exanple 1 Effect of tinobsaponin Bll on ischemic cerebral injury in
FeCl3-i nduced mddl e cerebral artery thronmbosis (MCAT) rats 1. Method 1.

Ef fect of tinobsaponin BlIl on neurol ogical synptons and cerebral infarct
size in mddle cerebral artery thronbosis rats 1.1. G ouping and dosi ng The
experinmental animals were randomy divided into 6 groups, i.e. MCAT nodel

group, ShaEkQHﬁé%tion group, hydergine (0.6ng/kg) group, tinosaponin BIl
10ngy/ kg group, ny/ kg group and 40ngy/ kg group. Continuous adm nistration

of the drugffely Qﬁ/aaﬁ:momfn(}'ledoﬁoridgéﬁm Yidretai! wnm}g”%nof

5m / kg, The operation was " carried out one hour after drug a I stration on

the Seventl\e(!@%éinﬁheed'\ﬁﬁdl@@ekeﬁﬁdl PR RRIFO M IPOSIS(MITCA @l ven the
o

same vol une a 0.5% CMC solution. 1.2. "Preparation of MCA
t hr onboentipiMathoduced i schemic cerebral injury nodel in rats Tanmura and
Liu's methods were used with nodifications to prepare the nodel. Rats were
anest het i ZedEbfect roff tipeosapurdnl Blhjoachearoloigiddls ymiptons ahddeeriebral
(0.359/kg); and fixed with right armreclining. An arc incision of about
1.5cm i n liofiatdt siee inudiddle ¢érebrabianieny thee is téks | i nk of paropia and
external auditory canal and tenporalis was renoved to expose the tenporal
bone. An dpdnfUrgupingranddesing about 2.5mmin dianeter was made by a bur
inder st o8R0 SHRSTUNANGOAEEPES HAleSBORRS MY Laid B chpose.t ho

MCAT model group, sham-operation group, hydergine (0.6mg/kg)

group, timosaponin BII 10mg/kg group, 20mg/kg group and 40mg/kg

group. Continuous administration of the drugs by gavage was

performed for 7 days with daily volume of Smi/kg, The operation was

carried out one hour after drug administration on the seventh day. The

MCAT model and sham-operation groups were given the same

volume of a 0.5% CMC solution.

1.2. Preparation of MCA thromboembolia-induced 1schemic cerebral

injury model in rats

Tamura and Liu’s methods were used with modifications to prepare

the model. Rats were anesthetized by intraperitoneal injection of 10%

chloral hydrate (0.35g/kg); and fixed with right arm reclining. An arc

incision of about 1.5cm in length was made at the midpoint between

the link of paropia and external auditory canal and temporalis was

removed to expose the temporal bone. An opening in the bone of

about 2.5mm in diameter was made by a bur dfill at the junction of

malar bone and quama temporalis 1mm cephalically under

stereoscopic microscope, and residues were cleaned up to expose the

middle cerebral artery (located between the olfactory tract and inferior

cerebral vein). The surrounding tissues were protected with a piece of

plastic film. A small piece of quantitative filter paper, which had
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oul der 1 nfl exi on,

scored as 0, and occurren any or all of s

fsh@xh @peratiof! glﬁfu;i,rtmrég@ratioau ?b@c@@ﬁﬁdsa%i@ftﬁb Jadi€dsi the opposite

perati on side Scored as (9)

motdEgsoup rexceps fod the appdicatias of ehdifeeritighl oi-idechskition.

e. Equivalency and strong resistance in both sides was scor

ed

0, and redy8t iAmsessmeasioftrennelogiddiaymptoml sioreal side was scored as

(5) Both

forelinbs of the rat were placed on wire gauze to observe

t he

he ani mal was placed on a pl ane,

as
1.

muscul ar tHwesieaperimentadl aniayalandest testgdtforsbelmviorb@hantddéh afkes scor ed
reduction in nmuscular tension in the contralateral forelinb was

as 0, and
scored as
exhibitin

operatipnThecomulingoto t the Bedevaenpriimethed, withd madifications.
gbtiitnecr(iels's tTl;g ttgllitli g’rn %hei r;a% Q\?asdiirft%%t it(? r(])bos%?voes ithg ftlgxitbQﬁty of
the forelimb, with both forelimbs symmetrically stretching forward
scored as 0, and occurrence of any or all of shoulder inflexion, elbow
inflexion, shoulder intorsion in the contralateral fore-limb opposite to
the operation side scored as 1. @ The animal was placed on a plane,
and its shoulders were pushed to the opposite direction to check
resistance. Equivalency and strong resistance in both sides was scored
as 0, and reduction in resistance in the contralateral side was scored as
1. @ Both forelimbs of the rat were placed on wire gauze to observe
the muscular tension. Equivalency and strong tension in both sides
was scored as 0, and reduction in muscular tension in the contralateral
forelimb was scored as 1. @ The tail of the rat was pulled up, and the
animal exhibiting incessant rotations in the direction opposite to the
operation side was scored as 1. According to the criteria above, the
full score is 4, and the higher the score is, the more serious the
behavior disorder of the animal is.

1.4. Determination of cerebral infarct size

After behavior assessment, the animals were decapitated to remove

the brains. The olfactory bulb, cerebellum and lower brain stem were
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operatlon si de was scored as 1. Accord| ng to the criteria above, the full
score is 4, and the higher the score is, the nore serious the behavior

di sorder of the animal is. 1.4. Determination of cerebral infarct size After
behavi or assessnent, the aninmals were decapitated to renove the brains. The
ol factory bulb, cerebellumand |ower brain stemwere 7 renpved, and the
remai ni ng part was cut into 5 coronal sections below 4C The sections were
i mredi at gemneved.cand the remanong parti wgs csu@ Imtq Srcqrooai aeotiogs befowd% TTC,
0.lm 1M K2HPO4 and water (balance) staining solution), followed
by i ncubdt on The d@ckions: veene flmmSGFﬁtﬁ )’Tﬁ'éﬁedt et et Tdifs SH8iRINg ansf er r ed

Is?;?n?na%lc’ Fh@nn()%rﬁégloﬁ/’ﬁé‘?ﬂr rJag I}‘é;lv\galgg bgﬁmqghﬂah@ffﬁ EI aﬁ{ia‘g’gg%r a/rA\feggr
oxt ent "of CBLATRLPE Bt ARG D uR0C Slioked By b ihdiin dh 5K T
of brai nats T fob 3ok PhE i ﬁéﬁﬁ‘?ﬁ%ﬁ‘;%r*éﬁﬂg@ﬁfifﬁeﬁf% aESfQJ" o soues i n

Todel | ﬁSdff}ip?%@ihf"?@%h%aéb%@‘gS‘ilauéygﬁ%t@‘& for 2487 o PR selBBpER O
brain tisfd @omgcﬁéﬁﬁc"?{egsdﬁ%?@'r’osﬁz%dz ﬂ?\teefnﬁﬂs eif a?@aﬁz"%f)%éeﬁ hgagrefl n

were renove separ a into l'eft and rig hem sp eres
was used g8 Th é%}gﬁéeu?ﬂfést Qrreclare®i Ry cOfle @A aRENWERERES. wei ghed,
respectively. T rying of the brain tfssues at 105V wa performed for

48h fol | exeenPyfacerebrhl intadhloi0 wis kprdssedwisddt percentage (%) of
infracted tissue to the weight of total brain and also to the affected
side of brain.
2. Effect of timosaponin BIl on water content in brain tissues in
middle cerebral artery thrombosis (MCAT) rats
2.1. Grouping, dosing and modelling methods (see 1 above.)
2.2. Determination of water content in brain tissues
The rats were decapitated 24 h after operation, and the brain were
removed and separated into left and right hemispheres. Filter paper
was used to blot surface and the wet weight of each hemisphere was
weighed, respectively. Then, drying of the brain tissues at 105°C was
performed for 48h followed by accurate weighing of the dry weight.
The water content of the brain was calculated according to the
following formula:
Water content of brain = (wet weight- dry weight)/ wet weightx100%
3. Statistical Analysis
The experimental data were expressed asxts. The results were
analysed using SPSS software and t-test was used to perform
comparison among groups.
I1. Results
1. Effect of timosaponin BII on neurological symptoms and cerebral
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conpari son anbng groups.
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€ n symptomatic score
mg/kg percentage | petcentage to 6h 24h
to total brain | affccted side
(%) (%)

Sham-operation 0 0 0.08 0.17

- 12 |10 +0 +0.29 0.39
MCAT model 4.58 8.76 2.73 2.5§

- 12 | +1.59%% | 42,984 £1.01%4 | +0.52**
Hydergine 1.98 13.75 1.91 1.55

0.6 1 |[x0.72" +1.38" +0.83" +0.69"
Timosaponin BII 3.27 6.35 2.08 2.08

10 12 | £1.74 +3.39 +0.67 +0.79
Timosaponin BII 2.92 5.37 1.82 2.00

20 11 | +1.20° +2.20° +0.75" +0.45°
Timosaponin BII 1.99 3.88 1.50 1.90

40 10 | +1.20" +2.38" £0.71° | £0.74°

Notes: **P<0.01 vs. sham-operation group; "P<0.05,

mode] group.

""P<0.01 vs. the

The results indicate that as compared with the sham-operation group,

animals of MCAT model group and each administration groups

exhibited infarction focus and hemiplegia like symptoms to various

extents. Timosaponin BIl at 20mg/kg and 40mg/kg significantly

reduced the cerebral infarct size and ameliorate neurological
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20 .11 1.20" 2.20- 0.75* 0.45, Tinosaponin BlIl 1.99 3.88 1.50 1.90 40 10
1.20** 2.38*- 0.71" 0.74" Notes: ""P<0.01 vs. shamoperation group; *P<0.05,
*'P<0.01 vs. the nodel group. The results indicate that as conpared with

t he sham operati on group, aninmals of MCAT nodel group and each

adm ni stration groups exhibited infarction focus and hem plegia |ike
synptons to various extents. Tinosaponin BIT at 20ng/ kg and 40ng/ kg

si gni fi casymyptomasinsnodakasimaby (PO ctP$SOL hnd anel i orate neur ol ogi cal
9 synptons in nodel animls (P<0.05, P<0.01) 2. Effect of tinobsaponin BlIl on
water content in brain tissues in mddle cerebral artery thronbosis (MCAT)
rats The resgl{.s vvegvgttishovm In Tﬁﬁne 4-2 below. Table 4-2. Effect .of

ti mosaponi?n Bffednohimosaparngn: Bil, ag Avater; sontent am bralp BssuweedRal artery
t hronbosi s _( T) rat S ter,cont Wat er content of Dosage G oup
n my/ kg uﬁ%’f‘i\@t‘zﬁf‘egrﬁe&isgﬁ' %Somkmspwz%mﬁ%m sphere (%

Sham oper at,i on - .12 79. 6Q0. 49 .7 +0 T nodel - 12 79.540. 80

81. 120. 9oaA,1£c{1e KPSHIS pstE showa '93?%35%%%%‘7’10. 731'  Tinosaponin BIl 10 12
79. 510. 57 0182050 %rLLBE HRABAp ik B b Shed cOnfhetR 6P8n Bosues

in middie cerebral artery thrombosis (MCAT) rats (¥+5)

Water content of Water content of

Dosage
Group n unaffected affected
( mg/kg )
hemisphere (%) hemisphere (%)
Sham-operation - 12 79.60=0.49 79.59+0.48
MCAT model - 12 79.5410.80 81.1240,90"
Nimodipine 12 12 79.44%0.41 80.37£0.73*%
Timosaponin BII 10 12 79.51+0.57 80.52+0.69
Timosaponin BII 20 12 79.41+0.38 80.4610.79
Timosaponin BIl 40 12 79.47+0.44 80.15+0,99*

Notes: “*P<0.01 vs. the sham-operation group; "P<0.05 vs. the model

group.

As indicated in the table above, timosaponin BIl at 40mg/kd
significantly lowered the water content in the affected hemisphere and

ameliorated cerebral edema in model rats (P<0.05).

Discussion and Summary

Middle cerebral artery thrombosis model is 2 common animal model
of focal cerebral ischemia, which objectively simulates clinical
circumstance of cerebral infarction in middle cerebral artery, with

advantages of easy control for local conditions and replication,



Ti nrosaponin 1111 40 12 79.470. 44 80.150.99* Notes: P<0.01 vs. the

sham operation group; 'P<0.05 vs, the nodel group. As indicated in the
tabl e above, tinosaponin BlIl at 40ng/kd significantly |owered the water
content in the affected hem sphere and aneliorated cerebral edema in nodel
rats (P<0.05). D scussion and Summary M ddl e cerebral artery thronbosis

obj cct | veryTOIatYaitDs BFi obde OF o/l Certial pBGPERT sl fhsd 1
Condi £1 ondORRa Pl Pirbpnll."AsTREPRLGRS BonE T SR BcrTopr iR,

corebral ARMMALKIANS | KApIoRRA! iheple (O WA cbcblie FehtBrahow o

or 24h after Operation, ia |I'Ike synptons, Increase of water content

in cerebr ghrombosiedde dlenarikededdrebraieigftration(ByCITQ {a¥nihE)

staining) were observed. As conpared with the sham operation group
ti mosaponiwer@l | obserd@ay/ k4s anmbrpanyd g vaitbupthei gshdmeapétatioredeeedp cerebral
i nfarct size and aneliorate neurol ogical synptonms (P<0.05, P<0.01).
Addi t i onattimosaporionBil et 20mp/kghendotlingdk g groupesigaificantiyeredmced edema in
ti mosaponin BIl' 40mg/ kg group was significantly reduced (P<0.05). The
resul ts segpastalt hatfaréte dizey red ameHoratee efebeologigal nstymptdimsi c
cerebral injury. Exanple 2 Effect of tinpsaponin Bll on henorheol ogy in
acute bl o<68<0$é/‘é,j’f@ﬂ.l)dﬂa. dodditionally,1as mompared with the model group,
extent of cerebral edema in timosaponin BIl 40mg/kg group was
significantly reduced (P<0.05). The results suggest that the drug has

protective effect against ischemic cerebral injury.

Example 2

Effect of timosaponin BII on hemorheology in acute blood
stagnation model rats

I. Method

1. Grouping and dosing

The experimental animals were randomly divided into 6 groups based
on weight, i.e. model group, normal control group, nimodipine
(12mg/kg) group, timosaponin BIl 10mg/kg group, 20mg/kg group
and 40mg/kg group. Continuous administration of the drugs by
gavage was performed for 5 days with daily volume of Sml/kg. The
normal control group and the model group were given the same
volume of a 0.5% CMC solution.

2. Modelling method

MAO Teng-min’s methods were modified to prepare the model. Rats
were subcutaneously injected with 0.8mg/kg adrenaline twice at 1h
and Sh after administration on the fifth day, and were placed into

ice-water at 4°C for Smin at 2h after the first injection of adrenaline.
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1. G ouping and dosi ng The expiéri‘r.re-f“\\twél .a}\'i mal s were randomy divided into 6
groups based on weight, i.e. nodel group, normal control group, ninodipine
(12ng/ kg) group, tinosaponin Bll |0ngy/ kg group, 20nmg/ kg group and 40ngy/ kg
group. Continuous adm nistration of the drugs by gavage was perforned for 5
days with daily volume of 5m /kg. The normal control group and the nodel
group wertca3 %ven the@s&%olwpdo;nﬁﬁ?. 5% CNC sojlﬁut ion. 2. Modelling

met hod MAQ. FePRESHTHE € plagnatoisgpei@®e the nodel. Rats were
subcut anegiusl y injected w thﬁg. 8r73/ k% adrenal j ne, tw ce :%t bp c&ﬂd h after
adni ni st r 23nWERS tanassthetizeh\by ARY REF%OBP%]IC&BQCW ofc E0¥micdoral ac for
5mn at 2k ter first,.injection o drenal i pe. 3, Assessnent of
whol e bl 0By At (0 A5eikET bt 3R sberiast afhiisirabon, dFontl v Grawn

I ntraperi toneal |jnj.ecti o f % ghl qral _hydrage (0. 35¢/ kg h,after the

| ast adm k?%qlr aﬁr&hf Bl%gqﬁwaég{r éﬁfﬁear o%'%lar gt/f?d l'bqgaé' ahodrm eaﬁfgd wth
1% hepari gl Rt L goagul b].oqd tested.ip . a _blo I.sconmet er
and whol e%nﬁl{l%gggu\llgggogé{)égmﬁ%grg%)sﬁg‘éem%dhggggl 3@#%5@&?‘?9 &g}(\f/]gd at high
(200S-'), wWiLd4! & v ot ) 4 & ' a e .

addi tion, %??cgh%ﬁsgyeévﬁ gggfémsgsn tégnpgi *‘)%&eédl‘étﬁggggréer#?%r %r%{l%h to yield
Vi ccoi 1y GPOSCIEHIMIIINSTY, Jok 15570, Bhd°Iu 0FS ! F sheal ey IR

Vi scosity at VI sc rm hation erythrocyte

aggr egat i qddedndaneicaabuladed BRooP4vadcehBRAIgS %@%mmgﬁn fof 8ffindef or mi ng
dded and le of O i

solution was a m xed thoroughly. A sa . was tested in
an to yield plasma as the supernatant, and 0.8 ml of plasma was test for

plasma viscosity at 100S™ in a blood viscometer.

4. Determination of erythrocyte aggregation and deformability

To 40yl of heparinized blood, 1ml of deforming solution was added
and mixed thoroughly. A sample of 0.8 ml was tested in an
erythrocyte aggregation/deformability tester, and erythrocyte
deformability was expressed as maximal erythrocyte deformation
index and area under curve (SSS). Another 0.8ml of anticoagulated
blood was tested in an erythrocyte aggregation/deformability tester,
and erythrocyte aggregation was expressed as maximal erythrocyte
aggregation index (MAXD) and area under curve (SS8).

5. Statistical Analysis

The experimental data were expressed asxts. The results were
analysed using SPSS software and t-test was used to perform
comparison among groups.

I1. Results

1. Effect of timosaponin BII on whole blood and plasma viscosities
in écute blood stagnation model rats

The results are shown in Table 10-1 below.



erythrocyte aggregation/deformability tester, and erythrocyte deformability
was expressed as maxi nmal erythrocyte deformation index and area under curve
(SSS). Another 0.8nml of anticoagulated blood was tested in an erythrocyte
aggregation/deformability tester, and erythrocyte aggregati on was expressed
as maxi mal erythrocyte aggregation index (MAXD) and area under curve (SSS).
5. Statistical Analysis The experinental data were expressed as is . The
resul ts werabledRal y Eifectiofytinrsmpariinvddld andwhalesblowd abdlasmzer f or m
conpari son _arm;llig, groups. Il. Results 1. Effect of tinosaponin B11l on whole
bl ood_and ipeesiies krasute blood stagnatiomimedekratgidi+ oh nodel rats_The
results are shown in Table 10-1 below. 1z Table 10-1. Effect of tinosaponin
BIl on whol e bl ood and plasma Vviscositi ewnbie bidodivischifjod st agnat Ptwsmeodel
rats (Ys) Dosage WioPesage ood vi seesity—Plasma—-etp—r—viseest+y ng/ kg
2005" 8o@plL 55'' 1S'1 (100S'%) Blank control - 13 3.81 5.42 10. 34ise®ity4
1.33 0.42 0.60 1.41ma’ke64 0.11 Wogke! - 304'5. 055856 15. 38'41. 48 1.53 0.74
t1.18p *3.28.11 64 £0 11A4 12 12 4 51 6 47 12 34 30 45 1 41 N nbtfiofihe

Blank control - 13 s 5.42 10,34 25.74 133
+0.42 +0.60 +1.41 +4,64 0.11
Modecl - 14 5.05 7.56 15.52 41.48 1.53

£0.74%4 11,1824 23,2882 £11.6452 10.112°

12 12 4.51 6.47 12.34 30.45 141
Nimodipine
+0.85% %,92% +) 58** +8.74* +0,]14*
Timosaponin BII 10 10 4.45 6.10 11.02 27.03 1.40
+0.71 x0.85%*% &1 38%* +4.64** £0,10**
Timosaponin BI1 20 13 4.49 6.55 12,91 3513 1.36
+0.70 +0.93* +1,82% +5.70* =0, 10**
Timosaponin BI1 40 12 4.9 6.45 12.46 31.2) 1.38

£0.38* _ 20.60%%  £1.33**  #4.29%*  20.12%*
Notes: *"P<0.01 vs. the blank control group; P<0.05, “ "P<0.01 vs.

the model group.

The results indicate that as compared with the normal control group,
whole blood and plasma viscosities significantly increased in blood
stagnation model rats at 24h after modelling (P<0.01). Timosaponin
BII at 10mg/kg, 20mgrkg and 40mg/kg significantly lowered whole
blood and plasma viscosities at high, middle and low shear rates in
mode] rats (P<0.05, P<0.01).

2. Effect of timosaponin BIl on erythrocyte aggregation and
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10. 65* *0.92* 2.58** 8.74* *0.14* Tinosaponin EIl 10 10 4.45 6.10 11.02
27.03 1.40 *0.71 *0.85** 1.38*" 4.64** 0.10** Tinosaponin ElIl 20 13 4.49
6.55 12.91 33.13 1.36 0.70 0.93* *1.82* t5.70* *0.10** Tinosaponin BlIl 40
12 4.42 6.45 12.46 31.21 1.38 *0.38* 0.60** 1.33** *4,29** (0.121* Notes:
AP<0. 01 vs. the blank control group; *P<0.05, * *P<0.01 vs. the nodel
group. The results indicate that as conpared with the normal control group,

uhol e bl oofefiidn bR il IA bIAA StaphptioiMigderFgqased [ n bl ood
stagnati on nodel rats at 24h after no Ing (P<0.01). Tinobsaponin 511 at

10mg/ kg, ZPh@frkguireard Gl ia i Tatleil 0adtialolmower ed whol e bl ood and pl asma

viscosities at high, mddle and | ow shear rates in nodel rats (P<O0.O05,

P<0.01). ZTalifefll@c2. Bffedtnof sipposapditin Bl eny thytheyt pteragprapition amd 13
deformability in acute blood stagnation nodel rats The results are shown in

Tabl e 10- 2lefermabilitylin Mte.blﬁbﬂmgnhtib'mmts Bt sdn eryt hrocyte
aggregation and deformabilTty In acute blood stagnation nodel rats S
Erythrocyte Erythrocyte Dosage G oup Erg#efcyges i on deformg'tﬂgiotcytc (my/ kg)
MAXD SS MAXDI SSS Bmgg@ntrol - 13 0.52 94.97 0.71 365.0

Group n . aggregation deformability
(mg/kg)
MAXD SS MAXDI 888
Blank Contrel - 13 052 94.97 0.71 365.02
0,13 +25.97 +0.03 £20.48
Model - 14 0.89 176.52 0.69 349.22

+0,11%8  £19.74%8 19,02 +10.592

Nimodipipe 12 12 0.80 160.38 0.70 353.92
+0.09* +16.50* +0.03 +15.83
Timosaponin 10 10 0.94 186.67 0.72 363.88
BII +0.14 +28.85 £0.05 +19.58
Timosaponin 20 13 0.81 163.04 0.71 363.97
BII +0.26 +50.23 =0.05 +27.87
Timosaponin 40 12 0.76 152,78 0.73 374.26
BII +0.14* £28.11* 20.03** +15.82*%*

Notes: “P<0.05, “°P<0.01 vs. the blank control group; *P<0.0S,
**P<0,01 vs. the model group.

The results indicate that as compared with the blank control group,
blood stagnation model rats showed significant increased erythrocyte
aggregation index and decreased erythrocyte deformability index
(P<0.05, P<0.01.) at 24h after modelling. As compared with the
model rats, rats in timosaponin BIT 40mg/kg group showed significant

increase in erythrocyte deformability index and decrease in
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0.13 125.97 f0.03 20.48 Mydel - 14 0.89 176.52 0.69 349.22 0.11AA 119.74
10. 02(c) 10.59A Ninodipine 12 12 0.80 160.38 0.70 353.92 +0.09* *16.50*
0.03 115.83 Tinosaponin 10 10 0.94 186.67 0.72 363.88 Bl11 0.14 28.85 0.05
19.58 Tinosaponin 20 13 0.81 163.04 0.71 363.97 BIl 0.26 50,23 *0.05 27.87
Ti mosaponin 40 12 0.76 152.78 0.73 374.26 Bl1l1l 10.14* 28.11* 10.03** 15.82**
Not es: P<0.05, P<0.01 vs. the blank control group; *P<0.05, **P<0,01 vs.

t he nodel aythrocytecaaggregation imtlexa(B<03§, BsOdbhpared with the bl ank
control group, blood stagnation nodel rats showed significant increased
eryt hrocytHI. &l}gcugmman?ﬂn Nummarydecr eased erythrocyte deformability index

(P<0.05, P<0.01,) at 24h after nodelling 0 ed, wth the nodel rats,
rats in tl}#ﬁmbﬁ’p EBl‘f49r’r§ﬁ1I?§°§rSBBCWMdb&‘%%PQW: aggreaalden; n

“ndex (PO RREUIRRDTG1) A | (BIOBASC el oanEmatititry th”’ﬁ%v@wg?éegat o
sc snce congarlan, Wt {1 uhdhi oy ROOLRIBLA O SERUTBLIL Y BBl 000
e kR B A b PO R B DAL
di sease. ThA{GQr &iffering from ischemic cerebrovascular disease. Therefore,
improvements in hemorheology, including decrease of blood viscosity
and erythrocyte aggregation, and increase of erythrocyte
deformability, are crucial in prevention and treatment of ischemic
cerebrovascular disease. In our study, rats were subcutaneously
injected with a large dose of adrenaline to simulate anger and anxious
status and were placed in ice water to simulate chill status. In this way,
an acute blood stagnation model with features of viscous, thick,
coagulated and aggregated blood was replicated. From the results it is
shown that timosaponin BII could significantly inhibit erythrocyte
aggregation, increase erythrocyte deformability and reduce whole
blood and plasma viscosities at high, middle and low shear rats in
acute blood stagnation model rats, suggesting that the drug can

significant improve the hemorheology.

Example 3

Effect of Timosaponin BII on inflammatory factors in brain
tissues in cerebral ischemia-reperfusion rats

The embolic thread method was employed in the preparation of
cerebral ischemia-reperfusion rat model, and ELISA was used to
determine the levels of IL-1B, TNF-q, IL-10 and TGF-f in each group
so as to investigate the protective cffect of timosaponin BII on
inflammatory factors in cerebral ischemia-reperfusion model rats.
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i nprovenents in henorheol ogy, including decrease of blood viscosity and
erythrocyte aggregation, and increase of erythrocyte deformability, are
crucial in prevention and treatment of ischem c cerebrovascul ar disease. In
our study, rats were subcutaneously injected with a | arge dose of
adrenaline to sinulate anger and anxious status and were placed in ice
water to simulate chill status. In this way, an acute bl ood stagnation
nodel withlf Methed of viscous, thick, coagulated and aggregated bl ood was
replicated. Fromthe results it is shown that tinosaponin BIl could
si gni fi cantlh Gromping and desingt e aggregation, increase erythrocyte
deformabil ity and reduce ol.e ,bl god.and plasma viscgsities at high, mddle
and | ow sh FAS SWRFF rag 9@%@)‘(‘!@8%‘51&9%@ SW%@F‘W&@? b@dgg‘é@dgﬁb t hat
the drug can i gni ficant iwprove the hemorheol ogy. Ex | e Ef f ect, of
Ti nosaponi #reBI* eoﬁf"?‘i’i"i' PREFAHOR EHOHM: PIRG4S, BFOHR, ¥'f'in§’£g§“i r(?ggi I
I schem a-reperfusion rats_T olic thread od ,was _enpl dy.in the
preparati o,gPBPI% gi‘%%ﬂpﬁmps}gﬁe%gr/ Egegrﬂ}’sﬂ Bﬂaféd]mggaglgrogﬁdgéﬁldéﬂ%s used
to determ t | | |- F I n - i gr oup
so as to i Mg [ Etd Bith DLAEMGr Rirs S ReBaiol ekl s or
I nf | ammat ot i rebral. s L34 eperf usi el . l.
Met hod 1. @égtﬁgﬁi@énoﬂ(‘%ﬁi %g %es r?t%gg}mg?tégﬁaﬁggfﬂ Gﬂaﬁgde%{)ﬁﬁﬁgoggroups
based on b wel.ghd: ' i I :
ni modi pi negg)lqy\on{gétggﬁmngdrfoﬁl& HP‘? %%?%%?%%H%B%ﬁ!g’%ﬂgg Sagépggvn%l}]kg
group. All 3d4H8Y volume of 10ml/kg. The sham-operation group and model

group were given the same volume of a 0.5%CMC solution once a day.

The operation was carried out one hour after drug administration in

the morning of the fifth day.

2. Modelling method

Middle cerebral artery obstruction (MCAQO) model was prepared as

described by Koizumi and Nagasawa. Rats were anesthetised by

intraperitoneal (ip) injection with 10% chloral hydrate at 0.35g/kg and

were fixed in supine position. After local sterilization, the operation

began. The right common carotid artery (CCA), right internal carotid

artery (ICA) and external carotid artery (ECA) were separated and

threads were embedded for future use. The ECA and CCA were

ligated. Soon after the distal end of the ICA was closed by an artery

clamp, a incision was made at the bifurcation of the ECA and ICA,

and one nylon thread with one end heated to become bulb-shaped

(0.25mm in diameter, marked at 2c¢cm from the bulb end, and the

anterior end of the embolic thread was treated with paraffin for future

use) was Inserted. After the thread was inserted into the ICA, the

thread and the ICA inlet were slightly ligated, and then the artery

clamp was released. The nylon thread was inserted further into the

ICA and was slightly withdrawn when there was a little resistance,
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were formulated with 0.5%MC. Rats of each group were used for experinents
after 2 days' observation and raising. Continuous admnistration of the
drugs by gavage was perfornmed for 5 days with a daily volunme of 10m /kg.
The sham operation group and nodel group were given the sane volune of a
0. 5%MC sol ution once a day. The operation was carried out one hour after
drug adm nistyration in the Egﬁﬂhng of the fifth day. 2. Mdelling nethod

n

N e Ay el Jed ihofibihs dser | bed
hi et on GWFUCIR A PERCh A SPEISRCheRSsy Tt arrs TRAted FEFupi he
Caroti d arlfay iy S IR IbATrRAY SURBIPPCTRY, Bt Bha SRfn bl ™"
oe. The Extiled e, UE" S WRLE LAfecRRS intideRRABREENS PR St 0% s
EcA and | GHIERE 8 0 ARIREE rt, ARG 96 Y62 (HREH Rond Ml BlUBTRARS) (haped
o the entf VTSP bntlTOHE Mo eIt T RRing, SOMOIE reperfipibg; o end

inserted. Fhigr thdemodetiflg\aas! aaﬁgsle@bd.nm e sh%-dﬁlwatibhr gaﬁlu?,nd the
n

ICAinlet were slightly ligated, and then the artery Cclanp was rel eased.

I8 AT gl ik st At et
of about 4fchfsibnmoriteriei By aftek thebischentiapanimal$ ¢hatshewed: siignisseheni a. P
The inlet was |igated again,
contralateral forelimb twisting, walking around in a circular path or
falling down in a contralateral direction while walking were included.
Animals that did not show these signs or were still unconscious after
3h were excluded.
3. Preparation of tissue homogenates
The animals were decapitated 3h after ischemia and 21h after
reperfusion. The olfactory bulb, cerebellum and low brain stem were
removed and the rest of the right hemisphere was homogenized in
normal saline at 4'C to a concentration of 10%.
4. ELISA assays for IL-1p, TNF-a, IL-10 and TGF-p
(1) Establishment of standard curve
Eight standard wells were established, and each was added 100ul
of sample dilution solution. To the first well was added 100u] of
standard, mixed well, and then 100ul was pipetted to the second
well, This double diluting process was repeated until the seventh
well. Finally, 100ul was pipetted from the seventh well and
discarded so that the volume in each well was 100ul. The eighth
wel] served as the blank control.
(2) Loading
150Qul of sample was added to each sample well.
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| eaving 1cm | ong nylon thread outside. The nuscles and skin were sutured,
and the rats were injected intraperitoneally with gentamcin sulfate at

O 4nl/ per rat. After 3h, the thread end was gently pulled outwards until
there was resistance, |leading to MCA reperfusion. Thus, the nodelling was
conpleted. In the shamoperation group, only right CCA was ligated, with no
incision and thread insertion. The inclusion criteria: 3h after the

i schem a, anytyl ') { : -5} 1 ng,
wal ki ng ar oug?iﬁ]éa?glégzﬁﬁwgt hQs;rrH )?eé:]: ngadégivﬁl %}ei%?}?ﬂ?gﬂﬁ al
direction whigig wal ki ng were included. Aninmals that did not show these
signs or were still unconscious after 3h were excluded. 3. Preparation of

ti ssue honoggm)ameTmshmgral s were decapitated 3h after ischem a and 21h
after reperfusion. The olfactory bulb, cerebellumand |ow brain stem were
renoved and ilhe resdtiar plate waghthtwrdgdlyewashed witioyeashing solutivor nal
saline at 4C to a concentration of 10% 4. ELISA assays for IL-1p, TNF-a,

| L- 10 and TGh-@timey, @ndddbtteidwith fidtertpapend curve Eight standard wells
were established, and each was added 100ul of sanmple djlution solution. To
the first we(3) vbe earteawebowyasnraddadaidildof naxBastvantibadyl weeskingoul was
pi petted to thﬁl second, well. This double dij |é.lti ng process was repeated
until the sesehitionyand theiplate wasiplagedts3 B per bOamim.om t he seventh wel |
and discar dgglbf,gﬁtghat he vol urrg in each well was 100u]. The eighth well
served as th VAR Sq2RVPP¥Edi ng 150ul of sanple was added to each

sanpl e vel | (7) To each well was added 100ul of an enzyme-conjugated
antibody working solution and the plate was placed at 37° C for
60min.
(8) Plate washing: see above.
(9) To each well was added 100ul of a substrate working solution,
and the plate was placed in dark at 37° for 5-10 min.
(10) To each well was added 1 drop of a stop solution and was
mixed well.
(11) The absorbance at 492nm was read.
5. Result calculation
Calculation was done after subtracting the blank value from all OD
values. The OD values for the standard at 1000, 500, 250, 125, 62, 31,
16, and 0 PG/ml were plotted on a semi-log paper, to obtain a standard
curve. The level of the corresponding inflammatory factor could be
determined from the standard curve based on the OD value of the
sample.
6. Statistical Analysis
The experimental data were expressed asx+s. The results were
analyzed using SPSS software and t-test was used to perform
comparison among groups.

I1. Results



17 (3) The reaction plate was m xed well and placed at 370 for 120 mn. (4)
Pl at e washing The reaction plate was thoroughly washed wi th washi ng sol ution
4-6 tinmes, and blotted with filter paper. (5) To each well was added 50ul of
a first anti body working solution, and the plate was placed at 37 for

60m n. (6) Plate washing: see above. (7) To each well was added 100ul of an
enzyne- conjygat ed ti body working solution and the pl ate was aced at 37
C for eoﬂtmcﬁsﬂ %eswenrngﬁigwaﬁmrﬂw% BIArs.an %ELEG ed 100ul
of a substrate workin ol.ution and the plate was placed in dark at 37 for
5-10 min. '©f f"‘f'@'EﬁBﬂrﬁﬁ'P'\/\E&tsadded | drop of a stop solution and was

ol cut at1 RaBIE oJBe8Y e “Citifraboftis"BIL G fi¥Ntn, oL WEAHLTRER Vol s
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PG mM were plo on a 0g paper; 0 n a stafndard curve. The
|l evel of the corresponding inflamatory factor could be determned fromthe

st andar g¢—ettvre—baset-omrtire—b—vatte—of—the—sanmpte—6—Stattrsttca—"Amal ysi s
The experinental data WelsGe&XPr essed IE_SIBYS . TPREResul tg ygre TGF-B

Group n
mg/kg (Pg/ml) __(Pg/ml) _ (Pg/ml)  (Pg/mi)
9.42+ 7.91+ 3.55+ 12.89+
Sham-operation - 8
0.94 0.36 - 3.03 4.51
10.95+ 8.74+ 16.75x 17.69+
Model - 8
0.74 44 0.70%4 3.4508 2.84%
9.01+ 7.92% 4,98+ 12.01=
Nimodipine 12 8
0.8]1%* 0.56* 3.54xx 2.54**
9.70% 8.44=+ 14,49+ 12.70+
Timosaponin Bll 10 8
0.30** 0.62 11.78 3.57*
7.98= . 7.65+ 11,19+ 10.30+
Timosaponin BII 40 8
0.80** 0.61** 5.16* 3,79+

Notes: *P<0.05, 2%'P<0.01 vs. the sham-operation group;
"P<0.05,'P<0.01 vs. the model group

The experimental results indicated that as compared with the
sham-operation group, the levels of pro-inflammatory factors IL-1P
and TNF-a in brain tissue of cerebral ischemia-reperfusion model rats
significantly increased, .and the levels of protective inflammatory
factors IL-10 and TGF-B also increased significantly, and the
differences were statistically significant. Positive control of
Nimodipine and timosaponin BII at 40mg/kg significantly reduced the

levels of these inflammatory factors and thus had obvious protective

19



anal yzed using SPSS software and t-test was used to perform conparison
anong groups. H Results IB Effect of Tinpbsaponin Bll on inflammtory
factors in cerebral ischem a-reperfusion rats Table. Effect of Tinpsaponin
Bll on levels of IL-1p, TNF-a, [IL-10 and TGF-1 in ischem a-reperfusion rats
(z.s) Dosage IL-10 TNFa IL-10 TGF-1li Goup n ng/kg (Pg/m) (Pg/m) (Pg/m)
(Pg/m) 9.42 7.91 3.55 12.89 Shamoperation - 8 0.94 0.36 3.03 4.51 10.95
8. 74 16. 7efféctin thedhflaminfatith despoiises3int bschéndd repeffiusio® 2odeb8 12. 01
Ni nodi pine 12 8 0.81** 0.56* 3.54** 2.54** Q.70 8.44 14.49 12.70

Ti nosaponimat8l | 10 8 0.30** 0.62 11.78 3.57* 7.98 7.65 11.19 10.30

Ti nrosaponin BlIl 40 8 0.80** 0.61** 5.16* 3.79** Notes: P<0.05, 6P<0.01 vs.
t he sham operati on group;

20



P<0.05,' "P<0.01 vs. the nodel group The experinental results indicated that
as conpared with the shamoperation group, the levels of pro-inflamatory
factors IL-10 and TNF-a in brain tissue of cerebral ischem a-reperfusion
nodel rats significantly increased, -and the |evels of protective
inflammatory factors IL-10 and TGF-f3 al so increased significantly, and the
differences were statistically significant. Positive control of N nodipine
and tinosafdaimsBl | at 40ng/ kg significantly reduced the |evels of these
inflammatory factors, and thus had obvious protective, K 19 effects in the
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the purity of Timosaponin BII is >90%.
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