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Description

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION

[0001] The present disclosure relates to telbivudine for
use in improving kidney and/or heart fibrosis of a subject
with kidney disease (KD).

2. DESCRIPTION OF RELATED ART

[0002] Acute kidney injury (AKI) or acute renal failure
is a syndrome characterized by the rapid loss of the kid-
ney’s excretory function and is typically diagnosed by the
accumulation of end products of nitrogen metabolism
(urea and creatinine) or decreased urine output, or both.
The primary causes of AKI are diabetes and high blood
pressure, which are responsible for up to two-thirds of
the cases. In recent years, the prevalence of AKI has
increased due to a rising incidence of diabetes mellitus,
hypertension (high blood pressure) and obesity, and also
due to an aging population. AKI is also common in hos-
pital patients and very common in critically ill patients.
No specific therapies have emerged that can attenuate
AKI or expedite its recovery; thus, most treatment is pure-
ly supportive. Evidence also suggests that patients who
have had AKI are at increased risk of subsequent chronic
kidney disease (CKD), which is co-morbid with cardio-
vascular disease, therefore, CKD patients have an in-
creased risk of death from cardiovascular events, for
CKD is thought to accelerate the development of heart
disease.
[0003] E. Cholongitas et al. (Journal of Viral Hepatitis,
2015; 22: 574-580) describes that the administration of
telbivudine improves the renal function of patients trans-
planted for HBV liver disease (i.e., liver transplant recip-
ients). Edward J. Gane et al. (Gastroenterology, 2014;
146: 138-146) describes that telbivudine improves renal
function in patients with chronic hepatitis B. From docu-
ment CN 101254177 A a chewable tablet of telbivudine
for oral administration, a preparation method and con-
ventional uses thereof are known.
[0004] However, there is an unmet need of an agent
that may improve the kidney and/or heart fibrosis of a
subject suffering from a kidney disease, particularly CKD.

SUMMARY

[0005] The present disclosure is based, at least in part,
on the unexpected discovery that telbivudine is capable
of reducing the levels of blood urine nitrogen (BUN), se-
rum creatinine (CR), total and free urine toxin (i.e., P-
cresyl sulfate and indoxy sulfate), the expression of in-
flammatory genes (e.g., TIMP-1, COL-1-A1, and/or TGF-
β1) and the extent of kidney and/or heart fibrosis; in ad-
dition to increasing the contractile function of the heart.
Accordingly, telbivudine and/or a composition compris-

ing the same may be used in the treatment of kidney
disease, including acute kidney injury (AKI) and chronic
kidney disease (CKD).
[0006] Accordingly, it is the first aspect of the present
disclosure to provide telbivudine, a salt, a solvate, and/or
an ester thereof for use in the treatment of a subject suf-
fering from a kidney disease, such as AKI or CKD, in
which the treatment comprises administering an effective
amount of telbivudine, a salt, a solvate, and/or an ester
thereof to the subject, for a sufficient period of time, so
as to improve kidney and/or heart fibrosis of the subject,
and thereby alleviate or ameliorate the symptoms asso-
ciated with the kidney disease.
[0007] Accordingly, telbivudine may be useful for man-
ufacturing a composition or a medicament for improving
kidney and/or heart fibrosis of a subject. Telbivudine, a
salt, a solvate, and/or an ester thereof may be present
at a level of about 0.1% to 99% by weight, based on the
total weight of the composition or medicament. In use,
the telbivudine, a salt, a solvate, and/or an ester thereof
may be present at a level of at least 1% by weight, based
on the total weight of the composition. The telbivudine,
a salt, a solvate, and/or an ester thereof may be present
at a level of at least 5% by weight, based on the total
weight of the composition. In one illustrative example,
which is not part of the scope of the claims, the telbivu-
dine, salt, solvate, and/or ester thereof is present at a
level of at least 10% by weight, based on the total weight
of the composition. Alternatively, the telbivudine, salt, sol-
vate, and/or ester thereof may be present at a level of at
least 25% by weight, based on the total weight of the
composition.
[0008] A composition or medicament comprising telbi-
vudine, a salt, a solvate and/or an ester thereof may be
administered systemically. Systemically administration
can be performed by intraperitoneal administration, in-
travenous administration, intramuscular administration,
intra-arterial administration, subcutaneous administra-
tion and oral administration.
[0009] The present disclosure also provides kits for im-
proving kidney and/or heart fibrosis of a subject suffering
from a kidney disease, such as AKI or CKD. Such kit,
which does not form part of the scope of the claims, in-
cludes in its container, (a) an effective amount of telbi-
vudine, a salt, a solvate and/or an ester thereof; (b) one
or more pharmaceutical acceptable carriers and/or ex-
cipients; and (c) instructions for using the kit to improve
kidney and/or heart fibrosis of its recipients. The instruc-
tions may be in a form of pamphlet, tape, CD, VCD or
DVD. The telbivudine, salt, solvate and/or ester thereof
may be in the form suitable for oral ingestion, subcuta-
neous infusion, intravenous administration, or inhalation.
[0010] The details of one or more embodiments of this
disclosure are set forth in the accompanying description
below. Other features and advantages of the invention
will be apparent from the detail descriptions, and from
claims.
[0011] It is to be understood that both the foregoing
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general description and the following detailed description
are by examples, and are intended to provide further ex-
planation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which are incor-
porated in and constitute a part of the specification, illus-
trate various example systems, methods and other ex-
emplified embodiments of various aspects of the present
disclosure. The present invention will be better under-
stood from the following detailed description read in light
of the accompanying drawings, where,

FIG 1 illustrates the effect of telbivudine on the levels
of (A) urine nitrogen and (B) serum creatine in CKD
rats;
FIG 2 illustrates the effects of telbivudine on kidney
function of CKD rats, in which (A) to (C) are photo-
graphs of kidney samples respectively taken from
healthy rats, un-treated CKD rats, and telbivudine-
treated CKD rats; and (D) is a bar graph illustrating
the quantitated results of kidney fibrosis in the control
rats, CKD rats or telbivudine-treated CKD rats after
8 or 12 weeks, in which p<0.05 for CKD vs CKD+se-
bivo group;
FIG 3 illustrates the effects of the telbivudine on the
mRNA levels of (A) TIMP-1, (B) COL-1-A1 and (C)
TGF-β1 in kidney tissue of CKD rats;
FIG 4 illustrates the effects of the telbivudine on the
protein levels of (A) TIMP-1, (B) COL-1-A1 and (C)
TGF-β1 in kidney tissue of CKD rats
FIG 5 illustrates the effects of the telbivudine on heart
fibrosis in CKD rats;
FIG 6A illustrates the effects of the telbivudine on
diastolic parameters including Tissue Velocity Imag-
ing (TVI_V), the strain in cardia muscle (C_strain),
left ventrical mass (LVMASS), and E/A ratio in CKD
rats, in which p<0.05 for CKD vs CKD+sebivo group;
FIG 6B illustrates the changes in the cardia muscle
strain (C_strain) in CKD rats treated with telbivudine
for 8 or 12 weeks, in which p<0.05 for CKD vs
CKD+sebivo group;
FIG 7 illustrates the effects of the telbivudine on the
mRNA levels of (A) COL-1-A1 and (B) IL-6 in heart
tissue of CKD rats
FIG 8 illustrates the effects of the telbivudine on the
protein levels of (A) IL-6 and (B) COL-1-A1 in heart
tissue of CKD rats;
FIG 9A illustrates the respective effects of telbivu-
dine on the toal level of Indoxyl sulfate (IS) in the
serum colected from CKD rats, in which p<0.05 for
CKD vs CKD+sebivo group;
FIG 9B illustrates the respective effects of telbivu-
dine on the free level of Indoxyl sulfate (IS) in the
serum colected from CKD rats, in which p<0.05 for
CKD vs CKD+sebivo group;
FIG 9C illustrates the respective effects of telbivu-

dine on the total level of P-cresyl sulfate (PCS) in
the serum colected from CKD rats, in which p<0.05
for CKD vs CKD+sebivo group;
FIG 9D illustrates the respective effects of telbivu-
dine on the free level of P-cresyl sulfate (PCS) in the
serum colected from CKD rats, in which p<0.05 for
CKD vs CKD+sebivo group; and
FIG 10 illustrate the effect of telbivudine on the levels
of (A) alanine aminotransferase (ALT) and (B) as-
partate aminotransferase (AST) in the serum collect-
ed from CKD rats.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0013] The detailed description provided below in con-
nection with the appended drawings is intended as a de-
scription of the present disclosure and is not intended to
represent the only forms in which the present disclosure
may be constructed or utilized.
[0014] In the context of this disclosure, a number of
terms shall be used.
[0015] The term "telbivudine" and "Sebivo" are used
interchangably throughout this text, in whihc Sebivo is
the trade name of the chemical telbivudine, both owned
by Novartis (Switzerland).
[0016] The terms "treatment" and "treating" are used
herein to include preventative (e.g., prophylactic), cura-
tive, or palliative treatment that results in a desired phar-
maceutical and/or physiological effect. Preferably, the ef-
fect is therapeutic in terms of partially or completely cur-
ing or preventing the apoptosis of kidney cells. Also, the
term "treating" as used herein refers to application or ad-
ministration of a compound or composition to a subject,
who has a medical condition, a symptom of the condition,
a disease or disorder secondary to the condition, or a
predisposition toward the condition, with the purpose to
partially or completely alleviate, ameliorate, relieve, de-
lay onset of, inhibit progression of, reduce severity of,
and/or reduce incidence of one or more symptoms or
features of a particular disease, disorder, and/or condi-
tion. Treatment may be achieved by administering a com-
pound or composition to a subject who does not exhibit
signs of a disease, disorder, and/or condition and/or to
a subject who exhibits only early signs of a disease, dis-
order, and/or condition for the purpose of decreasing the
risk of developing pathology associated with the disease,
disorder, and/or condition. As used herein, the symptom,
disease, disorder or condition may be acute kidney injury
(AKI), chronic kidney disease (CKD) and/or complication
associated therewith, such as anemia and cardiovascu-
lar disease (e.g., pericarditis, or heart failure). Treatment
is generally "effective" if one or more symptoms or clinical
markers are reduced as that term is defined herein.
[0017] The terms "compositions," "agent" and "medi-
cament" are used interchangeably herein to refer to a
compound or a composition of which, when administered
to a subject (such as a human or an animal) induces a
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desired pharmacological and/or physiological effect by
local and/or systemic action.
[0018] The terms "administered," "administering" and
"administration" are used interchangeably herein to refer
means either directly administering a compound or a
composition, or administering a prodrug, derivative or an-
alog which will form an equivalent amount of the active
compound (here: telbivudine) within the body.
[0019] The term "subject" and "patient" are used inter-
changeably in the present disclosure and refer to an an-
imal including the human species that is treatable with
the compositions of the present disclosure. The term
"subject" or "patient" intended to refer to both the male
and female gender unless one gender is specifically in-
dicated. Accordingly, the term "subject" or "patient" in-
cludes, but is not limited to, human, non-human primate
such as any mammal, dog, cat, horse, sheep, pig, cow
and etc., preferably a human, which may benefit from
treatment by the compound of this disclosure.
[0020] The term "an effective amount" as used herein
refers to an amount effective, at dosages, and for periods
of time necessary, to achieve the desired therapeutically
result with respect to the treatment of a kidney disease.
The effective amount of the active compound (i.e., telbi-
vudine), its salt, ester or solvate may be ranged from
about 0.01 mg/Kg/day to about 1,000 mg/Kg/day; pref-
erably from about 0.1 mg/Kg/day to about 500
mg/Kg/day; more preferably from about 1 mg/Kg/day to
about 100 mg/Kg/day. The effective amount may vary
depending on the route of administration, and/or other
the combinational use of other medicaments.
[0021] The term "salt" refers herein to a salt which is
formed by the interaction of a base including organic or
inorganic types of bases, including bases formed from a
metal of the IA or IIA group, ammonium and/or N(alkyl)4+

with an acid (such as telbivudine in this disclosure). The
term "ester" herein refers to an ester of telbivudine, in
which the ester bond may be formed between the hydroxy
group of telbivudine and an organic acid, such as R-
COOH, wherein R is a straight or branched C1-6 alkyl.
The term "solvate" herein refers to a complex formed by
the interaction of a compound (such as telbivudine in this
disclosure) with surrounding solvent molecules, such as
water, ethanol and etc.
[0022] Throughout the specification, unless otherwise
indicated to the contrary, improving the kidney and/or
heart function means that a compound (i.e., telbivudine,
a salt, a solvate or an ester thereof) or a composition
comprising the same is administered to a subject for a
period effective to improve the kidney and/or heart fibro-
sis as determined by comparing with a subject not being
administered the compound or the composition compris-
ing the same. Accordingly, improving kidney fibrosis is
meant to improve any of the followings, which include
but are not limited to, urine production, removal of excess
body fluid, removal of waste products from the blood,
maintenance of normal blood chemistry, hormone pro-
duction or a combination thereof. Improving heart fibrosis

is meant to improve the contractile function of the heart,
which refers to the ability of the heart to contract, by which
the muscle increases in tension.
[0023] Notwithstanding that the numerical ranges and
parameters setting forth the broad scope of the disclo-
sure are approximations, the numerical values set forth
in the specific examples are reported as precisely as pos-
sible. Any numerical value, however, inherently contains
certain errors necessarily resulting from the standard de-
viation found in the respective testing measurements.
Also, as used herein, the term "about" generally means
within 10%, 5%, 1%, or 0.5% of a given value or range.
Alternatively, the term "about" means within an accept-
able standard error of the mean when considered by one
of ordinary skill in the art. Other than in the operat-
ing/working examples, or unless otherwise expressly
specified, all of the numerical ranges, amounts, values
and percentages such as those for quantities of materi-
als, durations of times, temperatures, operating condi-
tions, ratios of amounts, and the likes thereof disclosed
herein should be understood as modified in all instances
by the term "about." Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the
present disclosure and attached claims are approxima-
tions that can vary as desired. At the very least, each
numerical parameter should at least be construed in light
of the number of reported significant digits and by apply-
ing ordinary rounding techniques.
[0024] The present disclosure is based, at least in part,
on the unexpected discovery that the known antiviral
drug, telbivudine (trade name Sebivo in Europe or Tyze-
ka in the United States), used in the treatment of hepatitis
B infection, may significantly improve the renal and/or
heart fibrosis of a subject suffering from AKI or CKD, as
demonstrated by improvement in a series of measurable
parameters of kidney and/or heart fibrosis, including a
decrease in blood urine nitrogen (BUN), serum creatinine
(CR), the levels of total and free urine toxin (i.e., P-cresyl
sulfate and indoxy sulfate), and the extent of kidney fi-
brosis; as well as an increase in the contractile function
of the heart. The results indicate that telbivudine and a
composition comprising the same is useful as a thera-
peutic medicament for the treatment and/or prophylaxis
of kidney disease, such as CKD.
[0025] Accordingly, one aspect of this disclosure is to
provide telbivudine, a salt, a solvate and/or an ester
thereof for use in the treatment of a subject suffering from
kidney disease, such as AKI or CKD, in which the treat-
ment comprises administering to the subject, preferably
a human being, an effective amount of telbivudine, a salt,
a solvate and/or an ester thereof, for a sufficient period
of time, so as to improve the kidney and/or heart fibrosis
of the subject and thereby alleviate or ameoliorate the
symptoms associated with the kidney disease.
[0026] According to embodiments of the present dis-
clsoure, telbivudine, a salt, a solvate, and/or an ester
thereof is administered to the subject in an amount be-
tween 0.01 mg/Kg/day to about 1,000 mg/Kg/day; pref-
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erably from about 0.1 mg/Kg/day to about 500
mg/Kg/day; more preferably from about 1 mg/Kg/day to
about 100 mg/Kg/day. The amount required to achieve
desirable effects (e.g., an improvement in the kidney
and/or heart fuction) in a subject depends on a number
of factors, such as the specific application, the mode of
administeration, and the weight and condition of the sub-
ject in need of the treatment (e.g., sex, age, the disease
state or severity of the condition to be alleviated and etc.).
An effective amount can readily be determined by routine
experimentation using a variety of techniques well-
known in the art or by the experience of the attending
physician. Telbivudine, a salt, a solvate, and/or an ester
thereof may be administered to the subject, preferably
human, by any route that may effectively transport the
telbivudine, a salt, a solvate, and/or an ester thereof to
the appropriate or desired site of action. Telbivudine, a
salt, a solvate, and/or an ester thereof may be adminis-
tered systemically or directly to the site of injury (i.e., kid-
ney injury or heart injury). Systemically administration
can be performed by intraperitoneal administration, in-
travenous administration, intramuscular administration,
intra-arterial administration, subcutaneous administra-
tion and oral administration.
[0027] Accordingly, telbivudine, a salt, a solvate,
and/or an ester thereof may be used for manufacturing
a composition or a medicament for treating kidney dis-
ease, such as AKI and CKD, wherein such composition
comprises an effective amount of telbivudine, a salt, a
solvate and/or an ester thereof; and a pharmaceuticaly
acceptable excipient.
[0028] In the manufacture of such a composition or
medicament, telbivudine, a salt, a solvate and/or an ester
thereof is mixed with a pharmaceuticaly acceptable ex-
cipient or carrier, and is prepared in accordance with ac-
ceptable pharmaceutical procedures, such as described
in Remington’s Pharmaceutical Sciences, 17th edition,
ed. Alfonoso R. Gennaro, Mack Publishing Company,
Easton, Pa (1985). The excipient or carrier must be ac-
ceptable in the sense of being compatible with any other
ingredients in the composition or the medicament and
must not be deleterious to the subject. The excipient or
carrier may be a solid, or a liquid, or both, and is preferably
formulated with telbivudine, a salt, a solvate and/or an
ester thereof, as a multi-dose formulation, for example,
a tablet.
[0029] In general, the active ingredient, that is, telbivu-
dine, a salt, a solvate and/or an ester thereof, may be
present at a level of about 0.1 % to 99% by weight, based
on the total weight of the composition. The telbivudine,
salt, solvate and/or ester thereof can be present at a level
of at least 1% by weight, based on the total weight of the
composition. In one example, the telbivudine, salt, sol-
vate and/or ester thereof can be present at a level of at
least 5% by weight, based on the total weight of the com-
position. Alternatively, it may be present at a level of at
least 10% by weight, based on the total weight of the
composition. Or, it may be present at a level of at least

25% by weight, based on the total weight of the compo-
sition.
[0030] The composition comprising telbivudine, a salt,
a solvate and/or an ester thereof may be administered
by any suitable route, for example, orally in capsules,
suspensions or tablets or by parenteral administration.
Parenteral administration can include, for example, sys-
temic administration such as intramuscular, intravenous,
subcutaneous, or intraperitoneal injection. The compo-
sition can also be administered transdermally either top-
ically or by inhalation (e.g., intrabronichial, intranasal,
oral inhalation or intranasal drops), or rectally, alone or
in combination with conventional pharmaceutically ac-
ceptable excipients. Preferably, the composition can be
designed for being administered orally (e.g., dietary) to
the subject.
[0031] For oral administration, the composition may be
formulated into tablets containing various excipients
such as microcrystalline cellulose, sodium citrate, calci-
um carbonate, dicalcium phosphate, and glycine; along
with various disintegrants such as starch, alginic acid and
certain silicates; together with granulation binders like
polyvinylpyrrolidone, sucrose, gelatin and acacia. Addi-
tionally, lubricating agents such as magnesium stearate,
sodium lauryl sulfate and talc may be added. Solid com-
position may also be employed as fillers in gelatin cap-
sules; preferred materials in this connection also include
lactose or milk sugar as well as high molecular weight
polyethylene glycols. When aqueous suspensions
and/or elixirs are desired for oral administration, the ac-
tive ingredient may be combined with various sweetening
or flavoring agents, coloring matter or dyes, and if so
desired, emulsifying and/or suspending agents as well,
together with diluents such as water, ethanol, propylene
glycol, glycerin and a combination thereof.
[0032] For parenteral administration, the telbivudine,
a salt, a solvate and/or an ester thereof may be formu-
lated into liquid pharmaceutical compositions, which are
sterile solutions, or suspensions that can be administered
by, for example, intravenous, intramuscular, subcutane-
ous, or intraperitoneal injection. Suitable diluents or sol-
vent for manufacturing sterile injectable solution or sus-
pension include, but are not limited to, 1,3-butanediol,
mannitol, water, Ringer’s solution, and isotonic sodium
chloride solution. Fatty acids, such as oleic acid and its
glyceride derivatives are also useful for preparing inject-
ables, as are natural pharmaceutically-acceptable oils,
such as olive oil or castor oil. These oil solutions or sus-
pensions may also contain alcohol diluent or carboxyme-
thyl cellulose or similar dispersing agents. Other com-
monly used surfactants such as Tweens or Spans or oth-
er similar emulsifying agents or bioavailability enhancers
that are commonly used in manufacturing pharmaceuti-
cally acceptable dosage forms can also be used for the
purpose of formulation.
[0033] For transmucosal administration, the medica-
ment or said pharmaceutical compositions may also be
formulated in a variety of dosage forms for mucosal ap-
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plication, such as buccal and/or sublingual drug dosage
units for drug delivery through oral mucosal membranes.
A wide variety of biodegradable polymeric excipients may
be used that are pharmaceutically acceptable, provide
both a suitable degree of adhesion and the desired drug
release profile, and are compatible with the active agents
to be administered and any other components that may
be present in the buccal and/or sublingual drug dosage
units. Generally, the polymeric excipient comprises hy-
drophilic polymers that adhere to the wet surface of the
oral mucosa. Examples of polymeric excipients include,
but are not limited to, acrylic acid polymers and copoly-
mers; hydrolyzed polyvinylalcohol; polyethylene oxides;
polyacrylates; vinyl polymers and copolymers; polyvi-
nylpyrrolidone; dextran; guar gum; pectins; starches; and
cellulosic polymers.
[0034] It will be appreciated that the dosage of the phar-
maceutical composition will vary from patient to patient
not only for the particular route of administration, and the
ability of the composition to elicit a desired response in
the patient, but also factors such as disease state or se-
verity of the condition to be alleviated, age, sex, weight
of the patient, the state of being of the patient, and the
severity of the pathological condition being treated, con-
current medication or special diets then being followed
by the patient, and other factors which those skilled in
the art will recognize, with the appropriate dosage ulti-
mately being at the discretion of the attendant physician.
Dosage regimens may be adjusted to provide the im-
proved therapeutic response. A therapeutically effective
amount is also one in which any toxic or detrimental ef-
fects of the composition are outweighed by the therapeu-
tically beneficial effects. Preferably, the compositions are
administered at a dosage and for a time such that the
number and/or severity of the symptoms are decreased.
[0035] The pharmaceutical composition comprising
telbivudine, a salt, a solvate and/or an ester thereof may
be administered to a subject in a dose from about 0.1 mg
to about 1,000 mg per kilogram of body weight per day,
such as 0.1, 0.5, 1, 2, 5, 7, 9, 10, 20, 30, 40, 50, 60, 70,
80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190,
200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300,
310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410,
420, 430, 440, 450, 460, 470, 480, 490, 500, 510, 520,
530, 540, 550, 560, 570, 580, 590, 600, 610, 620, 630,
640, 650, 660, 670, 680, 690, 700, 710, 720, 730, 740,
750, 760, 770, 780, 790, 800, 810, 820, 830, 840, 850,
860, 870, 880, 890, 900, 910, 920, 930, 940, 950, 960,
970, 980, 990, and 1,000 mg/Kg/day; preferably from
about 0.5 to 500 mg per kilogram of body weight per day,
such as 0.5, , 2, 5, 7, 9, 10, 20, 30, 40, 50, 60, 70, 80,
90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190,
200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300,
310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410,
420, 430, 440, 450, 460, 470, 480, 490, and 50
mg/Kg/day; more preferably from about 1 to 100 mg per
kilogram of body weight per day, such as 1, 2, 5, 7, 9,
10, 20, 30, 40, 50, 60, 70, 80, 90, and 100, mg/Kg/day.

The dose may be administered once a day or be at least
two, three, four, or five times a day.
[0036] Further disclosed herein, but not being part of
the claimed scope, is a kit for improving kidney and/or
heart fibrosis of a subject suffering from a kidney disease,
such as AKI or CKD. The kit comprises in its container,
(a) an effective amount of telbivudine, a salt, a solvate
and/or an ester thereof; (b) one or more pharmaceutical
acceptable carriers and/or excipients; and (c) instruc-
tions for using the kit to improve kidney and/or heart fi-
brosis of its recipients. The instructions may be in a form
of pamphlet, tape, CD, VCD or DVD. The telbivudine, a
salt, a solvate and/or an ester thereof can be in a form
suitable for oral ingestion, subcutaneous infusion, intra-
venous administration, or inhalation.
[0037] The present disclosure will now be described
more specifically with reference to the following exam-
ples, which are provided for the purpose of demonstration
rather than limitation.

EXAMPLES

Materials and Methods

Animals

[0038] Sprague Dawley rats (7 weeks old) were kept
in pathogen-free environment under 12:12 light-dark cy-
cle with food and water provided ad libitum, ambient tem-
perature and relative humidity were respectively set at
2462°C and 50+20%. All procedures involving animal
studies of the present disclosure comply with the "Guide-
line for the Care and Use of Laboratory Animals" issued
by The Chinese-Taipei Society of Laboratory Animal Sci-
ences.

5/6 nephrectomy

[0039] SD rats (about 10 weeks old) scheduled to un-
dergo 5/6 nephrectomy or sham surgery were anesthe-
sized by Zoletil 50/Xylazine (6 mg/1.3 mg/Kg, i.p.). Then,
the left kidney was exposed, and the upper and lower
poles were tied with a suture line, followed by right ne-
phrectomy. The peritoneum and skin were then sutured,
and the animals were returned to their individual cages.
For animals underwent sham surgery, the left kidney was
exposed in similar manner, but was then placed back
into the abdominal cavity without further treatment, per-
itoneum and skin were then sutured. Two weeks after
sham or 5/6 nephrectomy surgery, the animals were sub-
jected to a 24-hour urine collection and non-invasive tail
blood pressure measurement every 4 weeks. Four weeks
after the surgery, rats underwent 5/6 nephrectomy or
shame surgery were randomly assigned into two groups,
i.e., the control and the telbivudine groups, in which the
control group received saline treatment, and rats in the
telbivudine group received telbivudine (10 mg/mL/Kg)
treatment for 8 or 12 weeks. Animals were then sacri-
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ficed, and kidney and heart biospy samples were ob-
tained.

Cardiac muscle strain measurement

[0040] Animals were placed into anesthesia chamber
and anesthetized with isoflurane. Once the animal be-
came unconscious, it was then connected to heart ultra-
sound machine (Vivid i, General Electric Company, US)
and heart function paraments including changes in di-
astolic parameter - Tissue Velocity Imaging (TVI_V) and
E/A ratio, the strain in cardia muscle (C_strain), and left
ventrical mass (LVMASS) were respectively measured.

Western blot analysis

[0041] For protein identification, 30 mg nuclear extract-
ed protein was loaded in each lane of the SDS-PAGE
gel (8%) and separated by electrophoresis. The separat-
ed proteins were then electro-transferred to polyvinyli-
dene fluoride (PVDF) membranes (GE Healthcare Bio-
Sciences, Little Chalfont, UK), and blocked with 5% fat-
free skim milk in TRIS-buffered saline containing 0.01%
Tween-20 for 60 min at room temperature. The mem-
brane was then incubated with rabbit polyclonalanti-IL-
6, TGF-β, TIMP-1 and COL1-1 (diluted 1:1000 in PBS/5%
skim milk;Novus. Biologicals) antibodies overnight at 4,
respectively. HRP conjugated anti-rabbit IgG (Promega)
was then used as secondary antibody. Immunoreactive
protein was visualized by the chemiluminescence proto-
col (ECL, GE HealthcareBio-Sciences). Anti-actin rabbit
polyclonal antibody (1:1000;Sigma-Aldrich) was used for
calibration.

Quantitative RT-PCR

[0042] Total RNA was extracted from fresh frozen renal
and heart tissues using the Trizol Reagent (Life Tech-
nologies), according to the manufacturer protocol. Brief-
ly, renal cortex or heart tissue (150 mg) was homoge-
nized with 1 ml Trizol, and RNA-containing aqueous
phase was obtained by centrifugation. Following the pre-
cipitation of RNA by centrifugation with 0.5 volume iso-
propanol and purification with 75%ethanol, the extracted
total RNA was dissolved in 80 mL nuclease-free deion-
ized distilled water and stored at -20°C. The concentra-
tion and purity of RNA were determined by Nanodrop
Spectrophotometer (Thermo Scientific). First-strand cD-
NAs were synthesized from template RNA (1 mg) using
Transcriptor First Strand cDNA Synthesis Kit (Roche),
according to the manufacturer’s protocol. Real-time PCR
was performed using 2 mL template in a 20-mL reaction
containing 1mM of each primer and
10mLLightCyclerFastStartUniversal SYBR Green Mas-
ter (ROX) (Roche).
[0043] The following LightCycler®96 conditions were
used: Pre-incubation at 95°C for 10 min, followed by 40
cycles with 2 Step Amplification at95°C for 10s, 60°C for

30 s, and Melting at 95°C for 10s, 65°C for 60 s, 97°C
for 1 s, and Cooling at 37°C for 30s (Roche). GAPDH
was used as a housekeeping gene for normalizing the
expression data.

EXAMPLE 1 Telbivudine improves kidney and/or 
heart function in CKD rats

[0044] In this example, to evaluate the therapeutic
function of telbivudine, animals were first subject to 5/6
nephrectomy to induce in vivo kidney failure before being
treated with telbivudine.
[0045] 5/6 nephrectomy is a procedure in which one
kidney of a test animal is removed and 2/3 of the remain-
ing kidney is ablated, thereby mimics the progressive re-
nal failure after loss of renal mass in humans. Briefly,
approximately 50% of the remaining kidney of the rat was
removed by polar excision 1-2 weeks after uni-nephrec-
tomy. Then, the animals were randomly assigned to two
groups, the telbivudine group and the control group. Rats
in the telbivudine group were orally fed with telbivudine
(at a dosage of 100 mg/Kg) for 4, 8 or 12 weeks, while
the animals in the control group were given just the water.
Blood and unine sampls were respectively collected on
designated days and analyzed for the levels of blood urin
nitrogen (BUN), serum creatine (CR), and hepatic en-
zymes (i.e., alanine aminotransferase (ALT) and aspar-
tate aminotransferase (AST)). Heart function was deter-
mined by monitoring the changes in diastolic parameter
- Tissue Velocity Imaging (TVI_V), E/A ratio, and the
strain in cardia muscle (C_strain), left ventrical mass (LV-
MASS). Animals were sacrifced after the experiments
were finished, and kidney biopsy samples were obtained.

1.1 Telbivudine improves kidney function in CKD rats

[0046] Referrring to results depicted in FIG 1, the levels
of BUN and CR in animals underwent 5/6 nephrectomy
were respectively about 4 and 10 folds of those of the
control animals at week 8, and continued to rise until
week 12. By contrast, animals treated with telbivudine
for 8 weeks exhibited significant reduction in both the
levels of BUN and CR, and the effect was most significant
when telbivudine was given for 12 weeks.
[0047] The photgraphs in FIG 2 are kidney samples
respectively taken from the healthy rats, CKD rats, and
telbivudine-treated CKD rats. 5/6 nephrectomy resulted
in fibrosis in kidney tissues (FIG 2, panel A vs panel B),
and telbivudine treatment significantly reduced the extent
of kidney fibrosis in CKD rats (FIG 2, panel B vs panel
C). The quantitative results of the telbivudine treatment
indicated that the extents of kidney fibrosis decreased
for about 62.4% and 79.2% in CKD animals receiving
telbivudine treatment for 8 and 12 weeks, respectively
(FIG 2, panel D).
[0048] In addtion, the data in the present study dem-
onstrated that telbivudine improved kidney function by
reducing the expression of inflammatory genes and/or
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proteins, in which both the mRNA and the protein levels
of IL-6, TGF-β, TIMP1 and COL-1-A1 were reduced
(FIGs 3 and 4).
[0049] Taken together, the data confirmed that telbi-
vudine may improve the kidney function in CKD rats by
suppressing the expression levels of inflammatory
genes, which include but are not limited to, the genes of
IL-6, TGF-β, TIMP1 and COL-1-A1.

1.2 Telbivudine improves heart function in CKD rats

[0050] Similar to the finding in example 1.1, 5/6 ne-
phrectomy resulted in fibrosis in the heart tissue of CKD
rats, and the extent of fibrotic tissues was markedly re-
duced in telbivudine-treated CKD rats (FIG 5).
[0051] FIG 6A depicts the changes of four cardiac pa-
rameters including diastolic parameters including Tissue
Velocity Imaging (TVI_V), the strain in cardia muscle
(C_strain), left ventrical mass (LVMASS), and E/A ratio,
measured by heart ultrasound before and after 12-week
treatment with telbivudine in rats underwent 5/6 nephrec-
tomy or sham surgery. FIG 6B depicts the effect of tel-
bivudine treatment on the C-strain values in animals un-
derwent sham surgery or 5/6 nephrectomy. As evidence
in this example, CKD animals treated with telbivudine for
8 or 12 weeks exhibited significant improvment in C-
strain values, as compared with that of the control ani-
mals.
[0052] In addition, similar to finding in example 1.1, tel-
bivudine improved heart function also by reducing the
expression of inflammatory genes and/or proteins, in
which both the mRNA and the protein levels of IL-6, and
COL-1-A1 were markedly reduced in telbivudine-treated
tissues (FIGs 7 and 8).
[0053] Taken together, the results in this example dem-
onstrated that telbivudine may improve heart function of
CKD animals.

EXAMPLE 2 Telbivudine reduces the level of uremic 
toxins in CKD rats

[0054] Indoxyl sulfate (IS) and P-cresyl sulfate (PCS)
are uremic toxins that accumulate in the serum of CKD
patients, and are known factors for causing heart prob-
lems in the CKD subjects.
[0055] FIGs 9A and 9C illustrate the effects of telbivu-
dine on the toal levels of Indoxyl sulfate (IS) and P-cresyl
sulfate (PCS) in the serum colected from CKD rats;
whereas the effects of telbivudine on the free level of IS
and PCS are depicted in FIGs 9B and 9D.
[0056] As evidenced from the data, telbivudine effec-
tively reduced both the total and free levels of uremic
toxins (i.e., PCS and IS). Thus, the data presented in this
example indicates that telbivudine may improve heart
function of a CKD subject by reducing the level of accu-
mulated uremic toxins in such patient.

EXAMPLE 3 Telbivudine possesses no toxic effects 
toward liver function

[0057] In this example, the effect of telbivudine on liver
function was investigated.
[0058] Data in FIG 10 demonstrates that telbivudine
does not possess any toxic effects toward liver funciton,
as the levels of lipatic enzymes, i.e., alanine aminotrans-
ferase (ALT) and aspartate aminotransferase (AST), re-
mained relatively the same as compared with those of
the control animals. (FIG 10, panels A and B)
[0059] In sum, the data in the present study confirms
that telbivudine may be used to treat CKD subject and/or
prevent CKD subject from developing heart problems as-
sociated with and/or secondary to CKD.

Claims

1. Telbivudine, a salt, a solvate and/or an ester thereof
for use in the treatment of a subject suffering from
AKI or CKD, wherein the treatment comprises ad-
ministering an effective amount of telbivudine to the
subject to improve kidney fibrosis and/or heart fibro-
sis of the subject.

2. Telbivudine for use of claim 1, wherein the effective
amount of telbivudine is 0.1-1,000 mg/Kg.

3. Telbivudine for use of claim 2, wherein the effective
amount of telbivudine is 0.5-500 mg/Kg.

4. Telbivudine for use of claim 1, wherein the subject
is human.

Patentansprüche

1. Telbivudin, ein Salz, ein Solvat und/oder ein Ester
davon zur Verwendung bei der Behandlung eines
Patienten, der an AKI oder CKD leidet, wobei die
Behandlung die Verabreichung einer wirksamen
Menge von Telbivudin an den Patienten umfasst, um
die Nierenfibrose und/oder die Herzfibrose des Pa-
tienten zu verbessern.

2. Telbivudin zur Verwendung nach Anspruch 1, bei
welchem die wirksame Menge an Telbivudin
0,1-1000 mg/Kg beträgt.

3. Telbivudin zur Verwendung nach Anspruch 2, bei
welchem die wirksame Menge an Telbivudin 0,5-500
mg/Kg beträgt.

4. Telbivudin zur Verwendung nach Anspruch 1, bei
welchem das Subjekt ein Mensch ist.
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Revendications

1. Telbivudine, un sel, un solvate et/ou un ester de cel-
le-ci à utiliser dans le traitement d’un sujet souffrant
d’AKI ou de CKD, le traitement comprenant une ad-
ministration d’une quantité efficace de telbivudine au
sujet pour améliorer la fibrose rénale et/ou la fibrose
cardiaque du sujet.

2. Telbivudine à utiliser selon la revendication 1, dans
laquelle la quantité efficace de telbivudine est de 0,1
à 1 000 mg/kg.

3. Telbivudine à utiliser selon la revendication 2, dans
laquelle la quantité efficace de telbivudine est de 0,5
à 500 mg/kg.

4. Telbivudine à utiliser selon la revendication 1, dans
laquelle le sujet est un être humain.
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