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THERAPEUTIC AGENT FOR BLOOD-BRAIN
BARRIER DISRUPTION SYNDROME

TECHNICAL FIELD

[0001] The present invention relates to a therapeutic agent
for blood-brain barrier dysfunction syndrome. More specifi-
cally, the present invention relates to a therapeutic agent for
blood-brain barrier dysfunction syndrome comprising a bigu-
anides agent or a pharmaceutically acceptable salt thereof as
an active ingredient for treating or preventing various dis-
eases by enhancing blood-brain barrier functions.

BACKGROUND ART

[0002] The blood-brain barrier (BBB) is composed princi-
pally of cerebrovascular endothelial cells and separates cir-
culating blood from the brain parenchyma. This barrier
restricts the transport of substances such as drugs into the
brain. In addition, the blood-brain barrier that is composed of
cerebrovascular endothelial cells together with brain peri-
cytes and glia cells maintains higher brain functions by form-
ing a “cerebral neurovascular unit” that integrates network
functions together with brain neurons. These blood-brain bar-
rier dysfunctions are involved in the formation of various
pathological conditions of brain dysfunction (Non Patent Lit-
erature 1).

[0003] The pathological conditions caused by blood-brain
barrier dysfunction such as a decline in blood-brain barrier
functions include, for example, (i) the increased amount of
drugs transferred into the brain, (ii) cerebral edema attributed
to the brain infiltration of serum albumin, (iii) encephalopa-
thy attributed to leukocyte infiltration into the brain, and (iv)
the defective cerebral clearance of biologically active pep-
tides such as amyloid beta protein (Af). These pathological
conditions cause (1) the occurrence of adverse reactions (side
effects) of drugs and the onset or worsening of diseases attrib-
uted to blood-brain barrier dysfunction (hereinafter, these
diseases are also collectively referred to as blood-brain bar-
rier dysfunction syndrome), such as (2) cerebral infarction or
cerebral trauma, (3) neurodegenerative disease in the brain,
and (4) Alzheimer’s disease.

[0004] Imatinib, a therapeutic agent for chronic myeloid
leukemia or the like, is known to suppress blood-brain barrier
permeability, thereby suppressing cerebral infarction (Non
Patent Literature 2). Also, pranlukast, a therapeutic agent for
bronchial asthma or the like, is known to serve as a vascular
hyperpermeability-suppressing agent that acts on the lumens
of capillary vessels and vascular endothelial cells constituting
the lumen structure to prevent plasma components, blood
cells, etc., in the capillary vessels from being leaked into
tissue (Patent Literature 1).

[0005] However, any pharmaceuticals agent for treating
blood-brain barrier dysfunction syndrome by enhancing
blood-brain barrier functions has not yet been in actual use.
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SUMMARY OF INVENTION

Technical Problem

[0025] An object of the present invention is to provide a
pharmaceutical composition for treating or preventing vari-
ous diseases by enhancing blood-brain barrier functions.

Solution to Problem

[0026] As a result of conducting diligent studies, the
present inventor has completed the present invention by find-
ing that a medicament comprising a biguanides agent or a
pharmaceutically acceptable salt thereof as an active ingredi-
ent or a pharmaceutical composition containing the medica-
ment enhances blood-brain barrier functions including tight
junction between cerebrovascular endothelial cells, transcel-
Iular transport, etc., thereby suppressing the leakage of albu-
min present in brain capillary or a tight junction marker
fluorescein sodium into brain tissue.

[0027] In this context, the term “enhancement” used in the
present specification and claims means enhancement of a
function decreased congenitally or after birth as well as
enhancement of a normal function and further means
enhancement of a function by “reconstruction” that improves
the function decreased congenitally or after birth. This term
also means “suppression” of a decline in function.

[0028] In addition, the term also means “promotion” of
enhancement of a function through an external or internal
factor.

[0029] Thus, the enhancement of blood-brain barrier func-
tions including tight junction, transcellular transport, etc.
shall be interpreted not only as being the enhancement of the
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blood-brain barrier functions but also as including the recon-
struction of the blood-brain barrier functions, the suppression
of a decline in the blood-brain barrier functions, and the
promotion of the enhancement of the blood-brain barrier
functions, the reconstruction thereof, and the suppression of
the decline.

[0030] Specifically, the present application provides a
therapeutic agent for blood-brain barrier dysfunction syn-
drome which is a medicament or a pharmaceutical composi-
tion comprising a biguanides agent or a pharmaceutically
acceptable salt thereof as an active ingredient for enhancing a
blood-brain barrier function.

[0031] Morespecifically, the present application provides a
therapeutic agent for blood-brain barrier dysfunction syn-
drome according to the present invention for preventing wors-
ening or recurrence of cerebral infarction. The present appli-
cation also provides a therapeutic agent for blood-brain
barrier dysfunction syndrome according to the present inven-
tion for preventing, suppressing, or ameliorating cerebral
edema associated with cerebral infarction. The present appli-
cation further provides a therapeutic agent for blood-brain
barrier dysfunction syndrome according to the present inven-
tion for preventing, suppressing, or ameliorating encephal-
opathy associated with sepsis. The present application further
provides a therapeutic agent for blood-brain barrier dysfunc-
tion syndrome according to the present invention for prevent-
ing, suppressing, or ameliorating leukocyte infiltration into
the brain in multiple sclerosis. The present application further
provides a therapeutic agent for blood-brain barrier dysfunc-
tion syndrome according to the present invention for prevent-
ing, suppressing, or ameliorating accumulation of amyloid
beta protein (Af) in the brain in Alzheimer’s disease.

[0032] Inaddition, the present application provides a thera-
peutic agent for blood-brain barrier dysfunction syndrome
according to the present invention for preventing or suppress-
ing drug transport into the brain, thereby preventing, sup-
pressing, or ameliorating the adverse reaction that affects an
animal or human central nervous system.

[0033] The present invention relates to the following items,
though some items are already described above:

(Item 1)

[0034] A medicament for enhancing a blood-brain barrier
function, comprising a biguanides agent or a pharmaceuti-
cally acceptable salt thereof as an active ingredient.

(Item 2)

[0035] The medicament according to any one of item 1,
wherein said enhancement of the blood-brain barrier function
is prevention, suppression, or promotion of the suppression of
a decline in the blood-brain barrier function.

(Item 3)

[0036] The medicament according to item 2, wherein said
decline in the blood-brain barrier function is attributed to a
disease selected from the group consisting of diabetes melli-
tus, obesity, hypertension, cerebral infarction, cerebral
trauma, sepsis, multiple sclerosis, Alzheimer’s disease, and
combination thereof, or attributed to a substance inducing the
central adverse reactions.
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(Item 4)

[0037] The medicament according to item 3, wherein said
substance inducing the central adverse reactions is an immu-
nosuppressive drug or a thrombolytic drug.

(Item 5)

[0038] The medicament according to item 1, wherein the
medicament is used in combination with a drug for prevent-
ing, suppressing, or ameliorating cerebral edema associated
with cerebral infarction or cerebral trauma.

(Item 6)

[0039] The medicament according to item 5, wherein said
drug is a thrombolytic drug.

(Item 7)

[0040] The medicament according to item 6, wherein said
thrombolytic drug is a tissue plasminogen activator (t-PA).

(Item 8)

[0041] The medicament according to item 1, wherein the
medicament prevents or suppresses drug transport into the
brain.

(Item 9)

[0042] The medicament according to item 8, wherein said
drug is a drug that possesses the unwanted effects on an
animal or human central nervous system.

(Item 10)

[0043] The medicament according to item 8 or 9, wherein
the medicament prevents or suppresses said drug transport
into the brain, thereby preventing, suppressing, or ameliorat-
ing an adverse reaction that affects the animal or human
central nervous system.

(Item 11)

[0044] The medicament according to item 10, wherein said
adverse symptom is selected from tremor, convulsion, leu-
koencephalopathy, headache, sleepiness, disturbance of con-
sciousness, abnormal behavior, delirium, hallucination, delu-
sion, epilepsy, and combination thereof.

(Item 12)

[0045] The medicament according to any one of items 1 to
11, wherein said biguanides agent is metformin or buformin.

(Item 13)

[0046] The medicament according to item 12, wherein said
biguanides agent or the pharmaceutically acceptable salt
thereof is metformin hydrochloride or buformin hydrochlo-
ride.

(Item 14)

[0047] The medicament according to any one of items 1 to
13, wherein a dose of the active ingredient is 125 to 3000
mg/day/person.
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(Item 15)

[0048] A method for preventing, suppressing, or ameliorat-
ing a disease wherein the disease is selected from the group
consisting of tremor, convulsion, leukoencephalopathy, head-
ache, sleepiness, disturbance of consciousness, abnormal
behavior, delirium, hallucination, delusion, epilepsy, cerebral
infarction, cerebral trauma, sepsis, Alzheimer’s disease, and
combination thereof, the method comprising the step of
[0049] administering a medicament according to item 1 to
an individual in need thereof.

(Item 16)

[0050] A method for treating blood-brain barrier dysfunc-
tion syndrome, comprising the step of

[0051] administering a medicament comprising a bigu-
anides agent or a pharmaceutically acceptable salt thereof as
an active ingredient to an individual in need thereof to
enhance a blood-brain barrier function.

[0052] The present invention further relates to the follow-
ing items, though some items are already described above:

(Item 1a)

[0053] A therapeutic agent for blood-brain barrier dysfunc-
tion syndrome comprising a biguanides agent or a pharma-
ceutically acceptable salt thereof as an active ingredient for
preventing or suppressing drug transport into the brain.

(Item 2a)

[0054] The therapeutic agent for blood-brain barrier dys-
function syndrome according to item la, wherein said drug is
a drug that possesses the unwanted effects on an animal or
human central nervous system.

(Item 3a)

[0055] The therapeutic agent for blood-brain barrier dys-
function syndrome according to item la or 2a, wherein the
therapeutic agent prevents or suppresses said drug transport
into the brain, thereby preventing, suppressing, or ameliorat-
ing an adverse reaction that affects the animal or human
central nervous system.

(Item 4a)

[0056] The therapeutic agent for blood-brain barrier dys-
function syndrome according to item 3a, wherein said the
adverse reaction is selected from tremor, convulsion, leu-
koencephalopathy, headache, sleepiness, disturbance of con-
sciousness, abnormal behavior, delirium, hallucination, delu-
sion, epilepsy, and combination thereof.

(Item 5a)

[0057] A therapeutic agent for blood-brain barrier dysfunc-
tion syndrome comprising a biguanides agent or a pharma-
ceutically acceptable salt thereof as an active ingredient for
preventing, suppressing, or ameliorating cerebral edema
associated with cerebral infarction or cerebral trauma.

(Item 6a)

[0058] A therapeutic agent for blood-brain barrier dysfunc-
tion syndrome comprising a biguanides agent or a pharma-
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ceutically acceptable salt thereof as an active ingredient for
preventing, suppressing, or ameliorating encephalopathy
associated with sepsis.

(Item 7a)

[0059] A therapeutic agent for blood-brain barrier dysfunc-
tion syndrome comprising a biguanides agent or a pharma-
ceutically acceptable salt thereof as an active ingredient for
preventing, suppressing, or ameliorating leukocyte infiltra-
tion into the brain in multiple sclerosis.

(Item 8a)

[0060] A therapeutic agent for blood-brain barrier dysfunc-
tion syndrome comprising a biguanides agent or a pharma-
ceutically acceptable salt thereof as an active ingredient for
preventing, suppressing, or ameliorating accumulation of
amyloid beta protein (Ap) in the brain in Alzheimer’s disease.

(Item 9a)

[0061] A therapeutic agent for blood-brain barrier dysfunc-
tion syndrome comprising a biguanides agent or a pharma-
ceutically acceptable salt thereof as an active ingredient for
preventing or suppressing worsening or recurrence of cere-
bral infarction.

(Item 10a)

[0062] A therapeutic agent for blood-brain barrier dysfunc-
tion syndrome comprising a biguanides agent or a pharma-
ceutically acceptable salt thereof as an active ingredient for
enhancing a blood-brain barrier function.

(Item 11a)

[0063] The therapeutic agent for blood-brain barrier dys-
function syndrome according to item 10a, wherein said
enhancement of the blood-brain barrier function is preven-
tion, suppression, or promotion of the suppression of a
decline in the blood-brain barrier function.

(Item 12a)

[0064] The therapeutic agent for blood-brain barrier dys-
function syndrome according to item 1la, wherein said
decline in the blood-brain barrier function is attributed to a
disease selected from the group consisting of diabetes melli-
tus, obesity, hypertension, and combination thereof.

(Item 13a)

[0065] The therapeutic agent for blood-brain barrier dys-
function syndrome according to any one of items la to 12a,
wherein said biguanides agent is metformin or buformin.

(Item 14a)

[0066] The therapeutic agent for blood-brain barrier dys-
function syndrome according to item 13a, wherein said bigu-
anides agent or the pharmaceutically acceptable salt thereof'is
metformin hydrochloride or buformin hydrochloride.

(Item 15a)

[0067] The therapeutic agent for blood-brain barrier dys-
function syndrome according to any one of items la to 14a,
wherein a dose of the active ingredient is 125 to 3000 mg/day/
person.
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Advantageous Effects of Invention

[0068] The therapeutic agent for blood-brain barrier dys-
function syndrome according to the present invention is effec-
tive for enhancing blood-brain barrier functions including
tight junction between cerebrovascular endothelial cells,
transcellular transport, etc., thereby preventing, suppressing,
or ameliorating a disease or a symptom attributed to blood-
brain barrier dysfunction.

BRIEF DESCRIPTION OF DRAWINGS

[0069] FIG. 1 is a schematic diagram of an in vitro BBB
model test.
[0070] FIG. 2is agraph showing that the medicament of the

present invention suppressed the permeability of albumin.
[0071] FIG. 3 isagraph showing that the medicament of the
present invention suppressed the permeability of fluorescein
sodium.

[0072] FIG. 4isagraph showing that the medicament of the
present invention suppressed the hyperpermeability of fluo-
rescein sodium induced by CsA in the blood-brain barrier.
[0073] FIG. 5isagraph showing that the medicament of the
present invention suppressed the hyperpermeability of fluo-
rescein sodium induced by t-PA in the blood-brain barrier.
[0074] FIG. 61isagraph showing that the medicament of the
present invention suppressed the hyperpermeability of albu-
min induced by t-PA in the blood-brain barrier.

[0075] FIG. 7 is a photograph of the brain of a cerebral
infarction mouse model.

[0076] FIG. 81isagraph showing that the medicament ofthe
present invention suppressed the hyperpermeability of fluo-
rescein sodium induced by t-PA in the blood-brain barrier of
a cerebral infarction mouse model.

[0077] FIG. 9isagraphshowing that the medicament ofthe
present invention suppressed the hyperpermeability of albu-
min induced by t-PA in the blood-brain barrier of a cerebral
infarction mouse model.

DESCRIPTION OF EMBODIMENTS

[0078] The therapeutic agent for blood-brain barrier dys-
function syndrome according to the present invention
enhances blood-brain barrier functions including tight junc-
tion between cerebrovascular endothelial cells, transcellular
transport, etc. As a result, the medicament or the pharmaceu-
tical composition of the present invention prevents, sup-
presses, or ameliorates the pathological conditions caused by
blood-brain barrier dysfunction, thereby contributing to the
prevention, suppression, or amelioration of a disease or a
symptom attributed to blood-brain barrier dysfunction, such
as the diseases described above.

[0079] Examples of an active ingredient in the therapeutic
agent for blood-brain barrier dysfunction syndrome accord-
ing to the present invention include biguanides agents such as
metformin and buformin, and pharmaceutically acceptable
salts thereof.

[0080] When the therapeutic agent for blood-brain barrier
dysfunction syndrome according to the present invention
comprises a pharmaceutically acceptable salt of a biguanides
agent as an active ingredient, the salt is not limited by a type.
Any inorganic or organic acid salt can be used. Examples of
an inorganic acid for the inorganic acid salt include hydro-
chloric acid, sulfuric acid, nitric acid, phosphoric acid, and
boric acid. Examples of a salt for the organic acid salt include
formic acid, acetic acid, propionic acid, lactic acid, benzoic
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acid, oxalic acid, succinic acid, fumaric acid, maleic acid,
malic acid, tartaric acid, citric acid, methanesulfonic acid,
and benzenesulfonic acid. Preferable examples of the salt
include hydrochloride. In this context, metformin hydrochlo-
ride and buformin hydrochloride are commercially available
as hypoglycemic agents.

[0081] The biguanides agent of the present invention or the
pharmaceutically acceptable salt thereof is not limited by a
production method and can be produced by a method known
in the art.

[0082] Alternatively, the biguanides agent of the present
invention or the pharmaceutically acceptable salt thereof can
be made into a preparation according to a routine method,
either alone or in combination with a pharmaceutically
acceptable pharmaceutical carrier known in the art.

[0083] The therapeutic agent for blood-brain barrier dys-
function syndrome according to the present invention is not
limited by an administration method. Examples thereof
include oral administration, administration through intrave-
nous injection, administration through intramuscular injec-
tion, administration through intraperitoneal injection, admin-
istration through hypodermic or intradermal injection,
intrarectal administration, transmucosal administration, and
administration via the respiratory tract. Preferable examples
of the administration method include oral administration.

[0084] The therapeutic agent for blood-brain barrier dys-
function syndrome according to the present invention is not
limited by its dosage form. Examples of the dosage form for
oral administration include tablets, granules, capsules, pow-
ders, solutions, suspensions, and syrups. Examples of the
dosage form for parenteral administration include injections,
intravenous drops, suppositories, and percutaneously absorb-
able formulations.

[0085] The pharmaceutical composition in any of the dos-
age forms described above can be produced using a pharma-
ceutically acceptable pharmaceutical carrier known in the art.
For example, an excipient, a binder, a disintegrant, a lubri-
cant, a stabilizer, a coloring agent, and a corrigent can be used.

[0086] Examples of the excipient include acrylic acid
starch, gum arabic, lactose, corn starch, saccharose, glucose,
sorbitol, crystalline cellulose, silicon dioxide calcium sili-
cate, and magnesium silicate. Examples of the binder include
polyvinyl alcohol, calcium citrate, carboxyvinyl polymer,
carboxymethylethylcellulose, polyvinyl ether, methylcellu-
lose, gum arabic, tragacanth, gelatin, shellac, hydroxypropy-
Icellulose, hydroxypropylmethylcellulose, ethylcellulose,
dextrin, sodium polyphosphate, and pectin. Examples of the
disintegrant include: disintegrants called super disintegrants
such as crospovidone, croscarmellose sodium, and carmel-
lose calcium; hydroxypropylcellulose; carboxymethyl starch
sodium; and corn starch. Examples of the lubricant include
magnesium stearate, talc, polyethylene glycol, aluminum
stearate, lactose, magnesium carbonate, carmellose calcium,
carmellose sodium, and hydrogenated plant oil. Examples of
the stabilizer include sodium edetate, sodium sulfite, butyl-
hydroxyanisole, and butylhydroxytoluene. Examples of the
coloring agent include: caramel; edible dyes or edible lake
dyes such as Food Yellow No. 5, Food Red No. 2, and Food
Blue No. 2; and iron red. Examples of the corrigent include
hydrochloric acid, orange oil, fennel, cacao powder, menthol,
aromatic acid, peppermint oil, and cinnamon bark oil. The
tablets or the granules may be sugar-coated, gelatin-coated, or
coated in any other manner, if necessary.
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[0087] Themedicamentorthe pharmaceutical composition
according to the present invention can be administered to a
human at a dose of 125 to 3000 mg/day/person in terms of
metformin hydrochloride. The dose may be, for example, 250
mg/day/person, 500 mg/day/person, 750 mg/day/person, 850
mg/day/person, 1500 mg/day/person, 1700 mg/day/person,
2250 mg/day/person, or 2550 mg/day/person.

[0088] As mentioned above, blood-brain barrier dysfunc-
tion causes the onset of various pathological conditions or the
exacerbation or recurrence of the pathological conditions and
is predisposed to, for example, the onset, worsening, or recur-
rence of a disease related to the blood-brain barrier dysfunc-
tion. For example, sepsis is thought to cause a decline in
blood-brain barrier functions, which in turn causes transport
of neurotoxins from blood into the brain, resulting in
encephalopathy (Non Patent Literature 3). Also, the increased
expression of adhesion molecules on cerebrovascular endot-
helial cells constituting the blood-brain barrier is thought to
allow leukocytes to easily permeate the blood-brain barrier,
resulting in the progression of multiple sclerosis (Non Patent
Literatures 3 and 4). In addition, a blood-brain barrier dys-
function is considered to allow amyloid beta protein (Ap) to
accumulate in the brain, resulting in the progression of Alzhe-
imer’s disease (Non Patent Literature 3).

[0089] Thus, the agent for enhancing a blood-brain barrier
function according to the present invention is useful in the
prevention, suppression, or amelioration of the diseases or the
symptoms attributed to blood-brain barrier dysfunction.
[0090] For example, the therapeutic agent for blood-brain
barrier dysfunction syndrome according to the present inven-
tion can be used for preventing or suppressing worsening or
recurrence of cerebral infarction. The therapeutic agent for
blood-brain barrier dysfunction syndrome according to the
present invention can also be used for preventing, suppress-
ing, or ameliorating cerebral edema associated with cerebral
infarction. The therapeutic agent for blood-brain barrier dys-
function syndrome according to the present invention can
also be used for preventing, suppressing, or ameliorating
cerebral edema associated with cerebral trauma. The thera-
peutic agent for blood-brain barrier dysfunction syndrome
according to the present invention can also be used for pre-
venting, suppressing, or ameliorating encephalopathy asso-
ciated with sepsis. The therapeutic agent for blood-brain bar-
rier dysfunction syndrome according to the present invention
can also be used for preventing, suppressing, or ameliorating
leukocyte infiltration into the brain in multiple sclerosis. The
therapeutic agent for blood-brain barrier dysfunction syn-
drome according to the present invention can also be used for
preventing, suppressing, or ameliorating accumulation of
amyloid beta protein (Ap) in the brain in Alzheimer’s disease.
[0091] In an alternative embodiment of the present inven-
tion, the therapeutic agent for blood-brain barrier dysfunction
syndrome according to the present invention can be used for
preventing or suppressing drug transport into the brain. The
drug may be a drug that possesses the unwanted effects on an
animal or human central nervous system. Alternatively, the
drug may be a drug that possesses the unwanted effects on an
animal or human central nervous system. In such a case, the
medicament or the pharmaceutical composition of the present
invention may be used even for suppressing transport of the
drug into the brain in an amount more than expected.

[0092] In addition, the medicament or the pharmaceutical
composition of the present invention can be used for prevent-
ing or suppressing the drug transport into the brain, thereby
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preventing, suppressing, or ameliorating an adverse symptom
that affects the animal or human central nervous system.

[0093] For example, an immunosuppressive drug (cy-
closporine, tacrolimus, etc.)-induced blood-brain barrier dys-
functions and following blood-brain barrier hyperpermeabil-
ity are known to be responsible for adverse reactions such as
tremor, convulsion, leukoencephalopathy, and headache that
result from central adverse reactions (Non Patent Literatures
5to 12). The present invention can suppress such a decline in
blood-brain barrier functions or enhance or reconstruct the
blood-brain barrier functions, thereby preventing, suppress-
ing, or ameliorating the adverse symptoms.

[0094] The present invention can also prevent, suppress, or
ameliorate a thrombolytic drug (tissue plasminogen activator,
etc.)-induced blood-brain barrier dysfunctions. The present
invention can also prevent, suppress, or ameliorate hemor-
rhagic infarction associated with the blood-brain barrier dys-
functions. The present invention can also be used for expand-
ing a therapeutic window during the application of the
thrombolytic drug to the treatment of cerebral infarction.
Therefore, the present invention can be used as a therapeutic
agent for cerebral infarction in combination with the throm-
bolytic drug.

[0095] In addition, the present invention can prevent, sup-
press, or ameliorate sleepiness caused by antihistamine
drugs, disturbance of consciousness, abnormal behavior,
delirium, hallucination, delusion, convulsion, etc., caused by
Tamiflu, convulsion or epilepsy caused by interferon, inflix-
imab, antidepressants, or new quinolone antimicrobial
agents, and leukoencephalopathy caused by carmofur,
tegafur, or fluorouracil.

[0096] In an alternative embodiment of the present inven-
tion, the therapeutic agent for blood-brain barrier dysfunction
syndrome according to the present invention or the medica-
ment or the pharmaceutical composition of the present inven-
tion can be used for preventing, suppressing, or ameliorating
a decline in blood-brain barrier functions.

[0097] For example, diabetes mellitus, obesity, or hyper-
tension is known to possibly cause a decline in blood-brain
barrier functions (Non Patent Literatures 14 and 15). There-
fore, the therapeutic agent for blood-brain barrier dysfunction
syndrome according to the present invention can be used for
preventing, suppressing, or ameliorating a decline in blood-
brain barrier functions induced by diabetes mellitus, obesity,
hypertension, or the like. The prevention, suppression, or
amelioration of the blood-brain barrier dysfunctions leads to
prevention of worsening or recurrence of cerebral infarction,
prevention or suppression of drug transfer to the brain, etc.

[0098] Meanwhile, such a decline in blood-brain barrier
functions may cause onset or worsening of diabetes mellitus
and/or obesity. Therefore, the therapeutic agent for blood-
brain barrier dysfunction syndrome according to the present
invention can also be used for preventing, suppressing, or
ameliorating the diseases attributed to a decline in blood-
brain barrier functions.

[0099] In addition, the biguanides agent or the salt thereof,
or the substance or the composition comprising it as an active
ingredient can also be used as areagent for animal tests for the
effects or uses described above. The animal can be selected
from, for example, cyprinodonts, frogs, lizards, chickens,
mice, rats, guinea pigs, hamsters, rabbits, dogs, cats, sheep,
pigs, goats, cow, and monkeys.
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EXAMPLES

[0100] The present invention will be described in more
detail with reference to Examples below. However, the
present invention is not limited to these Examples by any
means.

Example 1
Example 1-1

Preparation of In Vitro BBB Model

[0101] Cerebrovascular endothelial cells (rat brain endot-
helial cells: RBECs) were isolated according to Reference 1
shown below. The details are as follows:

[0102] A 3-week-old Wistar rat was anesthetized with ether
and then decapitated. The cerebrum was excised and placed in
a dish on ice. After removal of the meninges, the cerebral
cortex was cut finely in a dish on ice. The slices were enzy-
matically treated by shaking (200 rpm) at 37° C. for 1.5 hours
with collagenase (CLS2) (1 mg/ml; Worthington Biochemi-
cal Corp.) and deoxyribonuclease I (50 units/ml; Sigma-Al-
drich Corp.). After centrifugation, 20% bovine serum albu-
min (BSA)-DMEM was added to the obtained pellet, and the
mixture was centrifuged (1000xg, 20 minutes) to remove
neurons and glia cells. Then, the residue was enzymatically
treated by shaking (200 rpm) at 37° C. for 30 minutes with
collagenase/dispase (1 mg/ml; Boehringer Mannheim K.K.)
and deoxyribonuclease I (50 units/ml; Sigma-Aldrich Corp.).
After centrifugation, the obtained pellet was suspended in a
small amount of DMEM and added to a 33% Percoll (GE
Healthcare Japan Corp.) solution with a density gradient
formed in advance at 30000xg at 4° C. for 1 hour. The mixture
was centrifuged to isolate brain capillary fractions.

[0103] The brain capillary fractions thus isolated were cul-
tured at 37° C. under 5% CO,/95% atmosphere in DMEM/
F12 containing 10% plasma derived serum (PDS), 50 ng/mL
gentamicin, | mM L-glutamine, 1 mg/mL heparin, 1.5 ng/mL
bFGF, 5 pg/mL insulin, 5 pg/ml transferrin, 5 ng/mL sele-
nium, and 4 pg/ml puromycin (RBEC culture solution I)
using a culture dish coated with collagen and fibronectin.
Forty eight hours later, the medium was replaced with RBEC
culture solution I except for puromycin (RBEC culture solu-
tion II) The resultant cells were further cultured to obtain
cerebrovascular endothelial cells (RBECs).

[0104] A monolayer in vitro BBB model, which was a
monolayer RBEC culture system, was prepared from the
RBEC:s thus obtained using Transwell (registered trademark)
(24-well type, Corning Costar Corp., MA).

[0105] Specifically, Transwell insert (12-well type, Corn-
ing Costar Corp., MA) with a polycarbonate membrane (0.4
um pore size) coated with collagen and fibronectin was placed
in each well of a 24-well culture plate (Corning Costar Corp.,
MA). RBECs (5.0x10* cells/well) were inoculated in the
insert (monolayer). On the next day of RBEC inoculation, the
solution was replaced with RBEC culture solution II contain-
ing hydrocortisone (500 nM). Two days later, a completed in
vitro BBB model was used in experiments.

Example 1-2

Permeability Experiment

[0106] The influence of metformin on BBB functions was
confirmed with the permeability coefficients of fluorescein
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sodium (Na—F) (Sigma-Aldrich Corp., St. Louis, Mo.) and
Evans blue-albumin (albumin) (Evans blue; Sigma-Aldrich
Corp., E2129, and bovine serum albumin; Sigma-Aldrich
Corp., A7906) as an index.

[0107] In this context, a vascular relaxation factor
adrenomedullin enhances blood-brain barrier functions,
thereby suppressing the permeation of fluorescein sodium in
vitro and in vivo (Non Patent Literature 16 and the unpub-
lished data of the present inventor). Specifically, in vitro and
in vivo tests on the permeation of fluorescein sodium have a
positive relationship.

[0108] The test samples used were 0.1 mM metformin
(metformin hydrochloride; Sigma-Aldrich Corp., D15, 095-
9), 0.5 mM metformin (the same as above), and 1 mM met-
formin (the same as above) each dissolved in RBEC culture
solution IT except for PDS. The control group used was RBEC
culture solution I except for PDS. The culture solution in the
in vitro BBB model completed as above was fully removed
and instead replaced with each test sample. 24 hours later, the
permeability test was conducted.

[0109] A physiological buffer (0.1 ml) containing fluores-
cein sodium (100 pg/ml) or albumin (0.04 g/ml) was added to
the vascular side of the insert. 10, 20, 30, 60, 120, and 180
minutes later, a sample (0.4 ml) was collected from each well
(brain side). A fresh physiological buffer was added thereto in
the same amount as above. The fluorescence intensity of
fluorescein sodium was measured (excitation wavelength:
485 nm, fluorescence wavelength: 530 nm) using a fluores-
cence plate reader (CytoFluor (registered trademark) Series
4000, PerSeptive Biosystems, Inc., Framingham, Mass.). The
absorption intensity of albumin (wavelength: 630 nm) was
measured using an absorption plate reader (Sunrise (regis-
tered trademark), TECAN Group Ltd., Mannedorf, Switzer-
land). The concentrations of fluorescein sodium and albumin
were calculated from calibration curves.

[0110] Clearance and permeability coefficients (P) were
calculated according to References 1 and 2 shown below. The
clearance was defined as the amount (indicated by pl) of
fluorescein sodium or albumin delivered from the chamber on
the vascular side to the chamber on the brain parenchyma side
and calculated according to the following expression from the
initial concentration [C]; of fluorescein sodium or albumin
placed in the vascular side and the final concentration [C] , of
fluorescein sodium or albumin delivered to the brain paren-
chyma side:

Clearance (W)=[C] xV./[C];

[0111] (V: Volume (1.5 ml) of the chamber on the brain
parenchyma side)

[0112] The permeability coefficient P (cn/min) was deter-
mined according to the following expression:

1/PS,,,=1/PS,

app membrane
[0113] PS represents the slope of a line on which clearance
was plotted against time and is indicated by (Permeability
coefficient)x(Surface area of the membrane). P, , represents
an apparent permeability coefficient. P,, ,, ; represents a true
permeability coefficient. P,,,.,,.5,.ne fepresents a permeability
coefficient derived from only the membrane of the chamber.
[0114] A schematic diagram of this test is shown in FIG. 1.
[0115] The test was conducted with reference to the litera-
tures described above and the following references:
[0116] [Reference 1]
[0117] Isobe, 1., Watanabe, T., Hazemoto, N., Yamagata,
K., Ueki, T., Nakanishi, K., Asai, K., Kato, T., “Astrocytic

+1/PS,

trans
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contributions to blood-brain barrier (BBB) formation by
endothelial cells: a possible use of aortic endothelial cell
for in vitro model”, Neurochemistry International, 1996,

28, p. 523-533
[0118] [Reference 2]
[0119] Dehouck, M.-P.,, Jolliet-Riant, P., Bree, F., Fruchart

J.-C., Cecchelli, R., Tillement, J.-P., “Drug transfer across
the blood-brain barrier: correlation between in vitro and in
vivo models”, Journal of Neurochemistry, 1992, 58, p.
1790-1797

[0120] [Reference 3]

[0121] Hayashi Y., Nomura M., Yamagishi S., Harada S.,
Yamashita J., Yamamoto H., “Induction of various blood-
brain barrier properties in non-neural endothelial cells by
close apposition to co-cultured astrocytes”, Glia, 1997, 19,

p- 13-26
[0122] [Reference 4]
[0123] Takata F, Sumi N, Nishioku T, Harada E, Wakigawa

T, Shuto H, Yamauchi A, Kataoka Y., “Oncostatin M
induces functional and structural impairment of blood-
brain barriers comprised of rat brain capillary endothelial
cells”, Neuroscience Letters, 2008, 441(2), p. 163-166
[0124] Test results obtained using each concentration (0.1
mM, 0.5 mM, and 1 mM) of metformin with test results
(permeability coefficient) of the control group as 100% are
shown in FIGS. 2 and 3. FIG. 2 shows the results of deter-
mining the permeability coefficient of albumin. FIG. 3 shows
the results of determining the permeability coefficient of fluo-
rescein sodium.
[0125] In the test to determine the permeability coefficient
of albumin, the one-way ANOVA method of 4 groups pro-
duced a significant difference with a significance probability
P of 0.0009 and a significance level of 0.05. A significance
test further conducted using a Dunnett’s multiple comparison
test method with a significance level of 0.05 between the
control group and each metformin group resulted in a signifi-
cant difference of the 1 mM metformin group. This group is
marked with * in FIG. 2.
[0126] In the test to determine the permeability coefficient
of fluorescein sodium, the one-way ANOVA method of 4
groups produced a significant difference with a significance
probability P less than 0.0001 and a significance level 0 0.05.
A significance test further conducted using a Dunnett’s mul-
tiple comparison test method with a significance level of 0.05
between the control group and each metformin group resulted
in a significant difference of the 0.5 mM metformin group and
the 1 mM metformin group. These groups are marked with *
in FIG. 3.
[0127] Asshown in FIGS. 2 and 3, metformin significantly
suppressed the permeability of albumin or a tight junction
marker fluorescein sodium from blood side into brain side,
compared with the control group.

Example 2

Protective Effect of Metformin on Blood-Brain
Barrier Dysfunction Induced by Cyclosporin A
(CsA)

Central Adverse Reaction-Inducing Drug

[0128] An immunosuppressive drug cyclosporin A (CsA)
is a beneficial medicament that improves the success rate of
organ transplantation. On the other hand, this drug has many
adverse reactions. Its administration must be discontinued
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when central adverse reactions such as tremor or convulsion
occur. We have previously revealed that the increased perme-
ability of CsA into the brain in association with CsA-induced
decline in blood-brain barrier functions is involved in the
occurrence of central adverse reactions. Thus, metformin was
examined for its effect on the CsA-induced decline in blood-
brain barrier functions.

Example 2-1
[0129] An in vitro BBB model was prepared according to
Example 1-1.

Example 2-2
[0130] A permeability experiment was conducted in the

same way as in Example 1-2 except that a different method for
drug stimulation was used.

[0131] The test samples used were CsA dissolved in etha-
nol and 1 mM metformin (metformin hydrochloride; Sigma-
Aldrich Corp., D15, 095-9) dissolved in RBEC culture solu-
tion II except for PDS. The control group used was ethanol
and RBEC culture solution II except for PDS. The culture
solution in the in vitro BBB model completed as above was
fully removed and instead replaced with each test sample.
Twenty four hours later, the permeability test was conducted.
[0132] Theresults ofthis test are shown in FIG. 4. As shown
in the diagram, the loading of CsA increased the permeability
of fluorescein sodium, whereas the combined use with met-
formin suppressed the CsA-induced decline in blood-brain
barrier functions, thereby significantly suppressing the
increase in the permeability of fluorescein sodium.

Example 3

In Vitro Effect of Metformin on Blood-Brain Barrier

Dystunction Induced by Tissue Plasminogen
Activator (t-PA)

Central Adverse Reaction-Inducing Drug

[0133] A “tissue plasminogen activator (t-PA)”, a throm-
bolytic drug for cerebral infarction, exhibits very favorable
effects when intravenously administered by 3 to 4.5 hours
from onset. The thrombolytic therapy using t-PA, however,
has disadvantages. One of the disadvantages is a therapeutic
window as very short as 3 hours after cerebral infarction (Non
Patent Literature 2) because blood-brain barrier dysfunction
associated with use of t-PA under ischemic conditions may be
complicated by hemorrhagic infarction (Non Patent Litera-
tures 17 and 18). Thus, a “t-PA-induced BBB dysfunction
model” was prepared by the loading of ischemia and t-PA
onto an in vitro BBB model. Metformin was examined for its
protective effect on blood-brain barrier functions.

Example 3-1
[0134] An in vitro BBB model was prepared according to
Example 1-1.

Example 3-2
[0135] A permeability experiment was conducted in the

same way as in Example 1-2 except that a different method for
drug stimulation was used.

[0136] The test samples used were a t-PA injection (Acti-
vacin; Kyowa Hakko Kirin Co., [td.) and 1 mM metformin
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(metformin hydrochloride; Sigma-Aldrich Corp., D15, 095-
9) dissolved in RBEC culture solution I except for PDS. The
control group used was RBEC culture solution I except for
PDS. The culture solution in the in vitro BBB model com-
pleted as above was fully removed and instead replaced with
each test sample. The resulting sample was left for 48 hours
under 95% N,/5% CO, (ischemia) conditions. Then, the per-
meability test was conducted.

[0137] The results of this test are shown in FIGS. 5 and 6.
As shown in both the diagrams, the loading of t-PA under
ischemic conditions increased the permeability of fluorescein
sodium and albumin (Evans blue-albumin: EBA), whereas
the combined use with metformin suppressed the t-PA-in-
duced decline in blood-brain barrier functions, thereby sig-
nificantly suppressed the increase in the permeability of fluo-
rescein sodium and albumin.

Example 4

In Vivo Effect of Metformin on Blood-Brain Barrier
Dysfunction Induced by t-PA

Central Adverse Reaction-Inducing Drug
Example 4-1

Preparation of In Vivo t-PA-Induced BBB
Dysfunction Model

[0138] Both common carotid arteries of each ddY mouse
were ligated (2VO) for 30 minutes to prepare a cerebral
infarction mouse model. After reopening of blood vessels,
t-PA (10 mg/kg) was administered to the subclavian vein of
the resulting mouse. The mouse was left for 24 hours and used
as a t-PA-induced BBB dysfunction mouse model.

[0139] Metformin was administered at a dose of 100 mg/kg
concurrently with t-PA. The control group used was a drug-
unadministered cerebral infarction mouse model.

Example 4-2

Evaluation of BBB Function

[0140] 24 hours later after the administration of t-PA or the
administration of t-PA and metformin, 200 ul. of a mixed
solution of fluorescein sodium (Na—F) (6 mg/mL.) and Evans
blue (EB) (20 mg/ml.) was administered to the subclavian
vein of the mouse. The mouse was left for 60 minutes. Then,
the whole brain was excised. BBB functions were evaluated
using a photograph of the whole brain and the concentrations
of Na—F and EB in whole brain homogenates.

Results

[0141] When t-PA was loaded onto the cerebral infarction
mouse model, its brain was stained blue, demonstrating that
EB was leaked from blood vessels into the whole brain (FIG.
7, middle). The combined use thereof with metformin light-
ened the blue color of the brain (FIG. 7, right), demonstrating
that EB leakage from blood vessels was suppressed. This
indicates that the combined use with metformin suppressed
BBB dysfunction caused by the loading of t-PA.

[0142] The loading of t-PA onto the cerebral infarction
mouse model increased the amounts of Na—F and EB trans-
ported into the brain by 16% and 20%, respectively (FIGS. 8
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and 9). The combined use with metformin suppressed the
increase in the transport of Na—F and EB by 78% and 66%,
respectively (FIGS. 8 and 9).

1-21. (canceled)

22. A medicament for enhancing a blood-brain barrier
function, comprising a biguanides agent or a pharmaceuti-
cally acceptable salt thereof as an active ingredient.

23. The medicament according to claim 22, wherein said
enhancement of the blood-brain barrier function is preven-
tion, suppression, or promotion of the suppression of a
decline in the blood-brain barrier function.

24. The medicament according to claim 23, wherein said
decline in the blood-brain barrier function is attributed to a
disease selected from the group consisting of diabetes melli-
tus, obesity, hypertension, cerebral infarction, cerebral
trauma, sepsis, multiple sclerosis, Alzheimer’s disease, and
combination thereof, or attributed to a substance inducing the
central adverse reactions.

25. The medicament according to claim 24, wherein said
substance inducing the central adverse reactions is an immu-
nosuppressive drug or a thrombolytic drug.

26. The medicament according to claim 22, wherein the
medicament is used in combination with a drug for prevent-
ing, suppressing, or ameliorating cerebral edema associated
with cerebral infarction or cerebral trauma.

27. The medicament according to claim 22, wherein the
medicament prevents or suppresses drug transport into the
brain.

28. The medicament according to claim 27, wherein said
drug is a drug that possesses the unwanted effects on an
animal or human central nervous system.

29. The medicament according to claim 27, wherein the
medicament prevents or suppresses said drug transport into
the brain, thereby preventing, suppressing, or ameliorating an
adverse reaction that affects the animal or human central
nervous system.

30. The medicament according to claim 29, wherein said
adverse reaction is selected from tremor, convulsion, leu-
koencephalopathy, headache, sleepiness, disturbance of con-
sciousness, abnormal behavior, delirium, hallucination, delu-
sion, epilepsy, cerebral infarction, cerebral hemorrhage and
combination thereof.

31. The medicament according to any one of claim 27, said
drug is an immunosuppressive drug.
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32. The medicament according to claim 25, said immuno-
suppressive drug is cyclosporin A (CsA).

33. The medicament according to claim 26, wherein said
drug is a thrombolytic drug.

34. The medicament according to claim 25 wherein said
thrombolytic drug is a tissue plasminogen activator (t-PA).

35. The medicament according to claim 22, wherein said
biguanides agent is metformin or buformin.

36. The medicament according to claim 35, wherein said
biguanides agent or the pharmaceutically acceptable salt
thereof is metformin hydrochloride or buformin hydrochlo-
ride.

37. The medicament according to claim 36, wherein said
biguanides agent or the pharmaceutically acceptable salt
thereof is metformin hydrochloride.

38. A medicament for enhancing a blood-brain barrier
function, comprising a biguanides agent or a pharmaceuti-
cally acceptable salt thereof as an active ingredient, used in
combination with cyclosporin A (CsA), and wherein said
biguanides agent or the pharmaceutically acceptable salt
thereof is metformin hydrochloride.

39. A medicament for enhancing a blood-brain barrier
function, comprising a biguanides agent or a pharmaceuti-
cally acceptable salt thereof as an active ingredient, used in
combination with a tissue plasminogen activator (t-PA), and
wherein said biguanides agent or the pharmaceutically
acceptable salt thereof is metformin hydrochloride.

40. The medicament according to claim 22, wherein a dose
of the active ingredient is 125 to 3000 mg/day/person.

41. A method for preventing, suppressing, or ameliorating
a disease, wherein the disease is selected from the group
consisting of tremor, convulsion, leukoencephalopathy, head-
ache, sleepiness, disturbance of consciousness, abnormal
behavior, delirium, hallucination, delusion, epilepsy, cerebral
infarction, cerebral hemorrhage, cerebral trauma, sepsis,
Alzheimer’s disease, and combination thereof, the method
comprising the step of administering a medicament according
to claim 22 to an individual in need thereof.

42. A method for treating blood-brain barrier dysfunction
syndrome, comprising the step of administering a medica-
ment comprising a biguanides agent or a pharmaceutically
acceptable salt thereof as an active ingredient to an individual
in need thereof to enhance a blood-brain barrier function.
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