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(57) ABSTRACT 

The present invention relates to rotenone derivatives and a use 
of the same. Particularly, the present inventors identified 
rotenoisin A and B which are compounds with no toxicity and 
which are prepared by irradiation with gamma rays onto 
rotenone as represented by the following formula 1. It was 
further confirmed that the rotenone derivatives significantly 
inhibited pancreatic lipase activity and preadipocyte differ 
entiation. The rotenone derivatives of the present invention 
can be effectively used as a composition for the prevention 
and treatment of obesity and as a composition for health 
functional food for the prevention and improvement of obe 

Formula 1 

OCH 

(In formula 1, R' and Rare as defined in this description). 

2 Claims, 1 Drawing Sheet 
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1. 

ROTENONE DERVATIVES AND A USE 
THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part application 
which claims the benefit of International Application No. 
PCT/KR2013/008487, filed on Sep. 23, 2013, and published 
on May 1, 2014 as WO 2014/065510, which claims priority to 
South Korean Application No. 10-2012-0118392, filed on 
Oct. 24, 2012, all of which are incorporated by reference in 
their entireties. 

TECHNICAL FIELD 

The present invention relates to the novel rotenone deriva 
tives and a use thereof, more precisely to the novel rotenone 
derivatives represented by the following formula 1 and a 
method for the prevention and treatment of obesity using the 
SaC. 

Formula 1 

OCH 

(Informula 1, RandR are as defined in this description). 
BACKGROUND 

Obesity originates with the unbalance between energy 
intake and energy consumption, which has been considered 
as one of the major causes of health problems. Obesity is 
closely related to various pathological disorders such as 
hypertension, hyperlipidemia, arteriosclerosis, degenerative 
arthritis, type II diabetes, and coronary heart disease. The 
interaction of natural factors and genetic factors is also a 
cause of obesity. The treatment method of obesity is catego 
rized according to their different mechanisms like the inhibi 
tion of lipase, the inhibition of energy intake, the stimulation 
of energy consumption, the inhibition of adipocyte differen 
tiation, and the regulation of fat metabolism. A new strategy 
is recently applied to inhibit pancreatic lipase which is the 
major reason of excessive calorie to inhibit the absorption of 
neutral fat (triglyceride) included in food. Pancreatic lipase 
has been well known as a key enzyme to play an important 
role in neutral fat (triglyceride) absorption. This enzyme is 
secreted in pancreas and hydrolyzes neutral fat to glycerol 
and fatty acid. Orlistat, one of anti-obesity agents, is a poten 
tial pancreatic lipase inhibitor obtained naturally from Strep 
tomyces Toxytricini, which is clinically utilized for the treat 
ment of obesity by reducing energy intake during meal time. 
Obesity is defined by the increase in the number and size of 
adipocytes differentiated from 3T3-L1 preadipocytes. There 
fore, the Suppression of lipase, and the regulation of fat 
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2 
absorption and accumulation induced by adipocyte differen 
tiation are considered as important factors for the develop 
ment of anti-obesity agents. 

Rotenoids belong to legumes, which have been well known 
as isoflavonoid generated in Derris, Lonchocarpus, and Teph 
rosia. These metabolites contain tetrahydrochromeno34b) 
chromene ring core structure formed by modification of each 
member. Rotenoids have a wide variety of biological charac 
teristics including potential anti-bacterial, anti-malaria, anti 
cancer, and anti-microbial activity, etc. Recent reports proved 
that rotenone showed potential anti-cancer activity in some 
cancer cell lines by interacting with microtubules. The above 
founding opened the possibility for rotenone as an anti-cancer 
agent candidate, which is drawing our attention. Various 
attempts have also been made to provide novel and usable 
derivatives via structural change by chemical synthesis. In 
those studies, however, rotenone and its derivatives were 
unnoticed as starting materials for biotransformation. In the 
meantime, gamma-irradiation was proved in many previous 
studies to be an effective method to increase bioactivity and 
induce structural change of natural Substances. However, it is 
still very limited in study of transformation of secondary 
metabolites having different natural basic structures by irra 
diation. 
The present inventors studied and confirmed that the novel 

rotenone derivatives isolated and identified by gamma-irra 
diation had no cytotoxicity but had excellent pancreatic lipase 
inhibiting activity and adipocyte differentiation inhibiting 
activity, compared with the mother compound. Based on the 
above confirmation, the present inventors further completed 
this invention by proving that the novel rotenone derivatives, 
thereby, could be effectively used for the prevention and 
treatment of obesity. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a novel 
rotenone derivative. 

It is another object of the present invention to provide a 
preparation method of the said novel rotenone derivative. 

It is also an object of the present invention to provide a 
prevention method or a treatment method for obesity using 
the novel rotenone derivative. 

It is further an object of the present invention to provide a 
use of the novel rotenone derivative for the prevention or 
treatment of obesity. 
To achieve above objects, the present invention provides 

the novel rotenone derivative represented by the following 
formula 1: 

Formula 1 

OCH 

(Informula 1, R' and Rare as defined in this description). 
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The present invention also provides a preparation method 
of the novel rotenone derivative represented by formula 1. 
The present invention also provides a pharmaceutical com 

position for the prevention and treatment of obesity compris 
ing the novel rotenone derivative represented by formula 1 as 
an active ingredient. 
The present invention also provides a composition for 

health functional food for the prevention and improvement of 
obesity comprising the novel rotenone derivative represented 
by formula 1 as an active ingredient. 

The present invention also provides a treatment method for 
obesity containing the step of administering a pharmaceuti 
cally effective dose of the novel rotenone derivative repre 
sented by formula 1 to a subject having obesity. 
The present invention also provides a prevention method 

for obesity containing the step of administering a pharmaceu 
tically effective dose of the novel rotenone derivative repre 
sented by formula 1 to a subject. 
The present invention also provides the novel rotenone 

derivative represented by formula 1 for the use as a pharma 
ceutical composition for the prevention and treatment of obe 
S1ty. 
The present invention also provides the novel rotenone 

derivative represented by formula 1 for the use as a compo 
sition for health functional food for the prevention and 
improvement of obesity. 
The novel rotenone derivative of the present invention has 

no toxicity in human, and significantly inhibits pancreatic 
lipase activity and preadipocyte differentiation, so that it can 
be effectively used as an active ingredient of a composition 
for the prevention and treatment of obesity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The application of the preferred embodiments of the 
present invention is best understood with reference to the 
accompanying drawings, wherein: 

FIG. 1 is a diagram illustrating the inhibitory effect of 
rotenoisin A and B, the novel rotenone derivatives, on adipo 
cyte differentiation: 

Control: positive control; 
Rotenone(1): rotenone; 
Rotenoisin A(2): the novel rotenoisin A of the present 

invention; and 
Rotenoisin B(3): the novel rotenoisin B of the present 

invention. 

DETAILED DESCRIPTION 

Hereinafter, the present invention is described in detail. 
The present invention provides the novel rotenone deriva 

tive represented by the following formula 1: 

Formula 1 

OCH 
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4 
In formula 1, 
R" is hydrogen, oxygen, or C, straight or branched alkyl, 
R is hydrogen, or C. Straight or branched alkyl, 
herein, R' and R can be linked each other by ring and this 

ring can be substituted by —OH or Cs straight or branched 
alkyl, and this ring can also form 3-6 membered heterocycle 
including one or more hetero atoms selected from the group 
consisting of N, O, and S with neighboring carbon atoms. 

Preferably, R is oxygen, or Cs straight or branched alkyl, 
R is C, a straight or branched alkyl, 
herein, R' and R can be linked each other by ring and this 

ring can be substituted by —OH, and this ring can also form 
3-5 membered heterocycle including one or more hetero 
atoms selected from the group consisting of N, O, and S with 
neighboring carbon atoms. 
More preferably, R is oxygen, 
R is C, a straight or branched alkyl, 
herein, R' and R can be linked each other by ring and this 

ring can be substituted by —OH, and this ring can also form 
3 membered heterocycle including one or more hetero atoms 
selected from the group consisting of N, O, and S with neigh 
boring carbon atoms. 
The novel rotenone derivative is represented by formula 2 

or formula 3. 
Formula 2) 

O 

Formula 3 

The present invention not only includes rotenoisin A and B 
but also includes the pharmaceutically acceptable salts 
thereof, every possible solvates, hydrates, racemates, or Ste 
reoisomers constructed from the same. 
The rotenoisin A and B of the present invention can be used 

as the form of a pharmaceutically acceptable salt, in which the 
salt is preferably acid addition salt formed by pharmaceuti 
cally acceptable free acids. The acid addition salt herein can 
be obtained from inorganic acids such as hydrochloric acid, 
nitric acid, phosphoric acid, Sulfuric acid, hydrobromic acid, 
hydroiodic acid, nitrous acid, or phosphorous acid; or non 
toxic organic acids such as aliphatic mono/di-carboxylate, 
phenyl-Substituted alkanoate, hydroxy alkanoate/alkanedio 
ate, aromatic acids, aliphatic and aromatic sulfonic acids. The 
pharmaceutically non-toxic salt is exemplified by Sulfate, 
pyrosulfate, bisulfate, sulfite, bisulfite, nitrate, phosphate, 
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monohydrogen phosphate, dihydrogen phosphate, metaphos 
phate, pyrophosphate chloride, bromide, iodide, fluoride, 
acetate, propionate, decanoate, caprylate, acrylate, formate, 
isobutylate, caprate, heptanoate, propiolate, oxalate, mal 
onate. Succinate, Suberate, sebacate, fumarate, maliate, butin 
1,4-dioate, hexane-1,6-dioate, benzoate, chlorobenzoate, 
methylbenzoate, dinitro benzoate, hydroxybenzoate, meth 
oxybenzoate, phthalate, terephthalate, benzenesulfonate, 
toluenesulfonate, chlorobenzenesulfonate, Xylenesulfonate, 
phenylacetate, phenylpropionate, phenylbutylate, citrate, lac 
tate, B-hydroxybutylate, glycolate, malate, tartrate, methane 
Sulfonate, propanesulfonate, naphthalene-1-sulfonate, naph 
thalene-2-sulfonate, or mandelate. 

The acid addition salt in this invention can be prepared by 
the conventional method known to those in the art. For 
example, one of the rotenoisin A and B of the present inven 
tion is dissolved in excessive acid aqueous solution, followed 
by Salt precipitation using water-miscible organic Solvent 
Such as methanol, ethanol, acetone, or acetonitrile. 

Equal amount of the rotenoisin A and B of the present 
invention and acid or alcohol in water are heated, followed by 
drying the mixture to give acid addition salt or Suction-filter 
ing the precipitated salt to give the same. 
A pharmaceutically acceptable metal salt can be prepared 

by using base. Alkali metal or alkali earth metal salt is 
obtained by the following processes: dissolving the com 
pound in excessive alkali metal hydroxide or alkali earth 
metal hydroxide Solution; filtering non-soluble compound 
salt; evaporating the remaining solution and drying thereof. 
At this time, the metal salt is preferably prepared in the 
pharmaceutically suitable form of sodium, potassium, or cal 
cium salt. And the corresponding silver salt is prepared by the 
reaction of alkali metal or alkali earth metal salt with proper 
silver salt (ex: silver nitrate). 
The rotenone derivative of the present invention is prefer 

ably prepared by the following steps, but not always limited 
thereto: 

1) irradiating rotenone; and 
2) performing column chromatography with the irradiated 

rotenone of step 1) using chloroform/methanol as solvents, 
followed by separation and purification of the resultant com 
pound. 
The rotenone of step 1) is preferably represented by the 

following formula 4, but not always limited hereto: 
Formula 4 

OCH 

The radiation of step 1) is preferably selected from the 
group consisting of gammaray, electronbeam, UV, and X ray, 
and gamma ray is more preferred, but not always limited 
thereto. 

The gamma ray used for irradiation herein is preferably the 
one emitted from such radioisotope as Co-60, Kr-85, Sr-90, or 
Cs-137, and gamma ray emitted from Co-60 is more pre 
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6 
ferred, but not always limited thereto. At this time, the radia 
tion dose is preferably 1120 kGy, and more preferably 5-15 
kGy, and most preferably 10 kGy. If the radiation dose is less 
than 1 kGy, reaction is not properly induced. On the other 
hand, if the radiation dose is over 20 kGy, irradiation costs 
will rise because of the unnecessary excessive radiation and 
there might be a risk of compound degradation. 

In a preferred embodiment of the present invention, roten 
one was irradiated with gamma ray and the irradiated reactant 
proceeded to column chromatography. As a result, rotenone 
derivative 1 and rotenone derivative 2, respectively repre 
sented by formula 2 and formula 3, were isolated. 
To analyze the structure of the isolated compound, nuclear 

magnetic resonance (NMR) and mass spectrometry were per 
formed. As a result, the rotenone derivative 1 represented by 
formula 2 was identified to be the novel rotenoisin A, and the 
rotenone derivative 2 represented by formula 3 was identified 
to be the novel rotenoisin B (see Table 1). 
The present invention also provides a pharmaceutical com 

position for the prevention and treatment of obesity compris 
ing the novel rotenone derivative represented by formula 1 as 
an active ingredient. 
The present invention also provides a treatment method for 

obesity containing the step of administering a pharmaceuti 
cally effective dose of the novel rotenone derivative repre 
sented by formula 1 to a subject having obesity. 
The present invention also provides a prevention method 

for obesity containing the step of administering a pharmaceu 
tically effective dose of the novel rotenone derivative repre 
sented by formula 1 to a subject. 
The present invention also provides the novel rotenone 

derivative represented by formula 1 for the use as a pharma 
ceutical composition for the prevention and treatment of obe 
sity. 
The novel rotenone derivative herein is preferably the 

rotenoisin A represented by formula 2 or the rotenoisin B 
represented by formula 3, but not always limited thereto. 

In a preferred embodiment of the present invention, the 
present inventors measured pancreatic lipase inhibiting activ 
ity of the novel rotenoisin A and B in order to investigate the 
obesity treating effect of the novel rotenoisin A and B. As a 
result, the rotenoisin A and B of the present invention dem 
onstrated greaterpancreatic lipase inhibiting activity than the 
conventional rotenone. In particular, ICso (the concentration 
showing 50% survival rate) of the rotenoisin A was 6.3+0.3 
uM, indicating excellent inhibiting activity (see Table 2). 
The present inventors also investigated adipocyte differen 

tiation inhibiting activity of the rotenoisin A and B of the 
present invention in preadipocyte 3T3-L1 cell line. As a 
result, the rotenoisin A and B of the present invention dem 
onstrated excellent adipocyte differentiation inhibiting activ 
ity in preadipocyte 3T3-L1 cell line. In particular, the differ 
entiation inhibiting activity of the rotenoisin A reached 
approximately 70% at the concentration of 2 uM. 

Therefore, the novel rotenone derivative of the present 
invention has no toxicity in human and significantly inhibits 
pancreatic lipase activity and preadipocyte differentiation, so 
that it can be effectively used as an active ingredient of a 
pharmaceutical composition for the prevention and treatment 
of obesity. 
The composition of the present invention can be prepared 

for oral or parenteral administration by mixing with generally 
used diluents or excipients such as fillers, extenders, binders, 
Wetting agents, disintegrating agents and Surfactant. 

Solid formulations for oral administration are tablets, pills, 
powders, granules, capsules, and troches. These solid formu 
lations are prepared by mixing the rotenoisin A and B of the 
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present invention with one or more Suitable excipients such as 
starch, calcium carbonate. Sucrose or lactose, or gelatin, etc. 
Except for the simple excipients, lubricants, for example 
magnesium Stearate, talc, etc, can be used. Liquid formula 
tions for oral administrations are Suspensions, Solutions, 
emulsions and syrups, and the above-mentioned formulations 
can contain various excipients such as wetting agents, Sweet 
eners, aromatics and preservatives in addition to generally 
used simple diluents such as water and liquid paraffin. 

Formulations for parenteral administration are sterilized 
aqueous solutions, water-insoluble excipients, Suspensions, 
emulsions, lyophilized preparations, and Suppositories. 

Water insoluble excipients and Suspensions can contain, in 
addition to the active compound or compounds, propylene 
glycol, polyethylene glycol, vegetable oil like olive oil, 
injectable ester like ethylolate, etc. Suppositories can contain, 
in addition to the active compound or compounds, witepsol. 
macrogol, tween 61, cacao butter, laurin butter, glycerol, 
gelatin, etc. 
The composition of the present invention is administered 

by pharmaceutically effective dosage. In this invention, the 
“pharmaceutically effective dosage' indicates the amount 
that is enough to treat disease at clinically applicable or rea 
sonable benefit/risk ratio. The effective dosage can be deter 
mined by considering disease type, severity of disease, activ 
ity of drug, sensitivity to drug, administration time, 
administration pathway, and excretion rate, duration of treat 
ment, other factors including co-treated drug and other 
medicinal factors. The composition of the present invention 
can be co-administered with other treating agents or admin 
istered alone. The composition can also be administered 
together with the conventional treatment agents stepwise or 
simultaneously, singly or multiply. It is important to admin 
ister the composition in a way to give maximum effect with 
the minimum dosage without side effects with considering all 
the factors mentioned above, which can be determined easily 
by those in the art. 

Particularly, the effective dosage of the rotenoisin A and B 
of the present invention can be varied from age, gender, and 
weight of a patient. In general, the effective dosage is 0.1 
mg-100 mg/kg, preferably 0.5 mg-10 mg/kg, which is 
administered every day or every other day, once a day or 3 
times a day. However, the dosage can be increased or 
decreased according to the administration pathway, severity 
of obesity, gender, weight, age, etc. So the said dosage cannot 
limit the scope of the present invention in any way. 
The present invention also provides a composition for 

health functional food for the prevention and improvement of 
obesity comprising the novel rotenone derivative represented 
by formula 1 as an active ingredient. 

The present invention also provides a improvement method 
for obesity containing the step of administering a pharmaceu 
tically effective dose of the novel rotenone derivative repre 
sented by formula 1 to a subject. 
The present invention also provides the novel rotenone 

derivative represented by formula 1 for the use as a compo 
sition for health functional food for the prevention and 
improvement of obesity. 
The novel rotenone derivative herein is preferably the 

rotenoisin A represented by formula 2 or the rotenoisin B 
represented by formula 3, but not always limited thereto. 
The rotenoisin A and B of the present invention has no 

toxicity in human, and significantly inhibits pancreatic lipase 
activity and preadipocyte differentiation, so they can be effec 
tively used as an active ingredient of a composition for health 
functional food for the prevention and improvement of obe 
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8 
Food to which the novel rotenoisin A and B of the present 

invention are added is not limited. For example, the novel 
rotenoisin A and B of the present invention can be added to 
drinks, meat, sausage, bread, biscuits, rice cake, chocolate, 
candies, Snacks, cookies, pizza, ramyun, other noodles, 
gums, dairy products including ice cream, Soups, beverages, 
alcohol drinks and vitamin complex, etc., and in wide sense, 
almost every food applicable in the production of health food 
can be included. 
The novel rotenoisin A and B of the present invention can 

be added as it is or as mixed with other food components 
according to the conventional method. The mixing ratio of 
active ingredients can be regulated according to the purpose 
of use (prevention or improvement). In general, to produce 
health food or beverages, the novel rotenoisin A and B of the 
present invention are added preferably by 0.1-90 weight part 
of the total weight of food. However, if long term adminis 
tration is required for health and hygiene or regulating health 
condition, the content can be lower than the above but higher 
content can be accepted as well since the novel rotenoisin A 
and B of the present invention have been proved to be very 
safe. 
The composition for health beverages of the present inven 

tion can additionally include various flavors or natural carbo 
hydrates, etc, like other beverages. The natural carbohydrates 
above can be one of monosaccharides such as glucose and 
fructose, disaccharides such as maltose and Sucrose, polysac 
charides such as dextrin and cyclodextrin, and glucose alco 
hols such as Xily tole, sorbitol and erythritol. Besides, natural 
Sweetening agents (thaumatin, Stevia extract, for example 
rebaudioside A, glycyrrhizin, etc.) and synthetic Sweetening 
agents (Saccharin, aspartame, etc.) can be included as a Sweet 
ening agent. The content of the natural carbohydrate is pref 
erably 1-20 g and more preferably 5-10 g in 100 mL of the 
composition. 

In addition to the ingredients mentioned above, the com 
position of the present invention can include in variety of 
nutrients, vitamins, minerals (electrolytes), flavors including 
natural flavors and synthetic flavors, coloring agents and 
extenders (cheese, chocolate, etc.), pectic acid and its salts, 
alginic acid and its salts, organic acid, protective colloidal 
Viscosifiers, pH regulators, stabilizers, antiseptics, glycerin, 
alcohols, carbonators which used to be added to soda, etc. The 
composition of the present invention can also include natural 
fruit juice, fruit beverages and/or fruit flesh addable to veg 
etable beverages. All the mentioned ingredients can be added 
singly or together. The mixing ratio of those ingredients does 
not matter in fact, but in general, each can be added by 0.1-20 
weight part per 100 weight part of the rotenoisin A and B of 
the present invention. 

EXAMPLES 

Practical and presently preferred embodiments of the 
present invention are illustrative as shown in the following 
Examples. 

However, it will be appreciated that those skilled in the art, 
on consideration of this disclosure, may make modifications 
and improvements within the spirit and scope of the present 
invention. 

Example 1 

Preparation of Rotenone Derivative by Using 
Gamma Ray 

To prepare the novel rotenone derivative from rotenone, 
rotenone (Sigma Co.) was dissolved in methanol, followed by 
irradiation. 
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Particularly, irradiation was performed at room tempera 
ture by using Co-60 radiation irradiator (point source AECL, 
IR-79, MDS Nordion International Co. Ltd, Ottawa, ON, 
Canada) in Future Nuclear Energy System Research Institute, 
Korea Atomic Energy Research Institute. Radiation dose of 5 
gamma ray was approximately 10 kGy/hour at 320 kCi of a 
sample. Radiation dose was measured by using 5 mm alanine 
dosimeter (Brukerinstruments, Rheinstetten, Germany). The 
dosimeter was corrected with international standard set by 
International Atomic Energy Agency (Vienna, Austria). 0.5g 
of rotenone was dissolved in 200 mL of methanol. The roten 
one solution was distributed in vials, which was irradiated at 
total absorbed dose of 50 kGy. The methanol solution irradi 
ated with gamma ray was dried right away to eliminate Sol 
vent and then freeze-dried for preservation. 

Example 2 

Isolation and Purification of Rotenone Derivative 

To isolate and purify rotenone derivative from the reactant 
obtained in <Example 1 >, silica-gel column chromatography 
and high performance liquid chromatography (HPLC) were 
performed. 

Particularly, the reactant obtained in <Example 1 > pro 
ceeded to silica-gel column chromatography using chloro 
form-methanol (CHCH-MeOH) as a solvent, and as a result 
the rotenone derivative 1 represented by formula 2 (129.1 mg, 
tR 4.5 MIN) and the rotenone derivative 2 represented by 
formula 3 (7.1 mg, tR 4.5 MIN) were obtained, followed by 
HPLC. 
The said rotenone derivative 1 was named rotenoisinA, and 

the rotenone derivative 2 was named rotenoisin B. 

Formula 2) 

OCH3; or 
Formula 3 

OCH 

HPLC was performed withYMC-Park ODSA-302 column 
(4.6 mm id, x 150 mm; YMC Co., Ltd) and 1% formic acid 
was mixed with acetonitrile at the ratio of 1:1, which was used 
as a moving phase at the flow rate of 1 mL/min. Column 
temperature was set at 40°C., and analysis was performed at 
280 mm of UV wavelength. 
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10 
To analyze the structures of the rotenoisin A and B purified 

by HPLC above, RFAB-MS (Micro Mass Auto Spec OA 
TOF spectrometer, Tokyo, Japan) and optical activity 
(JASCO DIP-4 digital polarimeter, Tokyo, Japan) were mea 
Sured. As a result, the molecular weight of the rotenoisin A 
and B was respectively m/z 409. 1650 M+H" (calcd. for 
CHO: 408.16) and m/z 497.1844 M+H" (calcd. for 
CHOs: 496.17). The optical activity of the rotenoisin A 
and B was respectively C.", -95.0° and C.", -13.0°. 

"H NMR and 'C NMR of the purified rotenoisin A and B 
were measured and the results are shown in Table 1. 

TABLE 1 

"H NMR and 'C NMR results of rotenoisin A and B 

rotenoisin A rotenoisin B 

Öc, Öc, 
Site 8(J in Hz) mult 8, (J in Hz) mult 

1 7.42(s) 116.7 6.92(s) 114.1 
1a. 111.8 — 111.7 
2 143.9 — 144.0 
3 150.4 — 1490 
4 6.36(s) 101.6 6.32(s) 102.4 
4a 151.2 — 1SO.1 
6C. 4.13(d. 10.8) 67.4 4.03(d. 11.4) 694 
6|B 4.51(dd, 10.8, 1.8) 4.42(dd. 11.4, 2.4) 
6a 4.81 (d. 1.8) 71.6 5.06(m) 704 
7a. 151.7 - 151.3 
8 113.4 — 114.1 
9 162.2 — 1621 
10 6.31(d, 8.4) 102.8 6.20(d. 84) 101.0 
11 7.21 (d. 8.4) 127.6 7.65 (d. 84) 130.7 
11a 117.9 - 113.9 
12 73.7 75.4 
12a 3.62(brs) 37.5 3.72(d, 4.8) 40.6 
14a 3.94(d. 11.4) 68.8 5.75(s) 92.5 
14b 3.64(d. 11.4) 
15 92.6 
16 3.65 (m) 61.7 
17a. 4.32(dt, 3.0, 12.0) 59.1 
17b 3.46(m) 
2 5.14(dd, 9.6, 8.4) 87.7 5.13(m) 87.7 
3'C. 3.22(dd. 15.6, 9.6) 33.0 3.20(m) 33.0 
3B 2.85(dd. 15.6, 8.4) 2.86(dd, 16.2, 7.8) 
4' 146.0 — 146.0 
5 4.80(m) 111.9 5.02(brs) 1118 

4.85 (d. 6.0) 
6" 1.72(s) 17.2 1.73 17.2 
OCH-2 3.71(s) 57.3 3.67(s) 57.4 
OCH-3 3.73(s) 56.2 3.70(s) 56.1 

HMNR was measured at 600 MHz and 'CNMR was measured at 150 MHz; CDOD and 
TMS were obtained according to the international standard. The measurement was per 
formed based on HMOC and HMBC spectra. 
J value was presented in bracket, 

Experimental Example 1 

Measurement of Pancreatic Lipase Inhibiting 
Activity 

To investigate obesity treating effect of the novel rotenoisin 
A and B, each represented by formula 2 and formula 3 iso 
lated and purified in <Example 2D, pancreatic lipase inhibit 
ing activity of the same was measured. 

Particularly, pancreatic lipase inhibiting activity was mea 
sured by the conventional method known to those in the art 
(Kim, J. H. Kim, H. J.; Park, H. W.;Youn, S. H.; Choi, D.Y.: 
Shin, C. S. FEMS Microbiol. Lett. 2007, 276,93.). To prepare 
the enzyme buffer, 30 mL (10 units) of pig pancreatic lipase 
solution (Sigma, St. Louis, Mo.) and 1 mM EDTA (pH 6.8) 
were mixed with 10 mM MOPS (morpholinepropanesul 
phonic acid), which was added to 850 mL of tris buffer (100 
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mM Tris-HCl and 5 mM CaCl pH 7.0). Then, 100 mL of the 
rotenoisin A or B of the present invention was mixed with the 
prepared enzyme buffer at the experimental concentration. As 
the positive control, 880 mL of Orlistat (Roche, Basel, Swit 
zerland) was mixed with the enzyme buffer. 20 mL of sub 
strate Solution containing 20 mM p-nitrophenylbutyrate dis 
solved in dimethyl formaide was added to the enzyme buffer, 
followed by culture for 15 minutes at 37° C. that was the 
temperature adequate for enzyme reaction. Pancreatic lipase 
activity was measured by measuring the hydrolysis of p-ni 
trophenylbutyrate into p-nitrophenol using an ELISA reader 
(Infinite F200; Tecan Austria GmBH, Grodig, Austria). To 
confirm the inhibition of lipase activity, pig pancreatic lipase 
was cultured with the rotenoisin A or B of the present inven 
tion and the reduction of optical density (OD) rate was inves 
tigated. 
As a result, as shown in Table 2, the rotenoisin A and B of 

the present invention demonstrated significantly higher pan 
creatic lipase inhibiting activity than the conventional roten 
one. In particular, rotenoisin A showed excellent inhibiting 
activity with demonstrating ICs to be 6.3-0.3 uM (Table 2). 

TABLE 2 

Pancreatic lipase inhibiting activity of rotenone, rotenoisin, 
and rotenoisin A/B irradiated with gamma ray 

Compound ICso value (uM) 

Gamma-irradiated rotenone 31.2 + 1.3 
roteinOne >500 
rotenoisin A 6.3 O.3 
rotenoisin B 28.4 1.2 
Orlistat O.6 O2 

Every experiment was performed in triplicate. 
ICso value was presented as ugmL, 
positive control. 

Experimental Example 2 

Inhibition of Differentiation of 3T3-L1 Preadipocyte 
to Adipocyte 

To investigate inhibition effect on adipocyte differentiation 
in 3T3-L1 preadipocytes, mouse embryo fibroblasts were 
cultured in DMEM supplemented with 10% FBS to conflu 
ency. Two days later (Day 0), the cells were stimulated for the 
differentiation in DMEM, the differentiation medium supple 
mented with 10% FBS, 0.5 mM 3-isobutyl-1-methyl-xan 
thine, 1 mM insulin, and 1 mM dexamethasone (Day 2). For 
the next 6 days, the cells were cultured in DMEM supple 
mented with 10% FBS and 2 mMinsulin (Day 8), followed by 
further culture in DMEM supplemented with 10% FBS for 4 
more days (Day 8). Every medium was added with 100 IU/ml 
of penicillin and 100 mg/mL of streptomycin. The cells were 
cultured in the presence of 95% air and 5% CO. During the 
whole culture period (Day 0-Day 8), the treatment of the 
rotenoisin A and B (2,0.2,0.02 uM) of the present invention 
was performed by the conventional method known to those in 
the art (Liu, Q.: Shin, E.; Ahn, M.J.; Hwang, B.Y.; Lee, M. K. 
Nat. Prod. Sci. 2011, 17,212.) with slight modification. Then, 
oil red Ostaining was performed. 

Particularly, intracellular fat lump was stained with oil red 
O. 8 days after the induction of cell differentiation, the cells 
were washed with FBS twice, followed by fixing in 10% 
formalin for 1 hour at room temperature. The cells were 
washed with 60% isopropyl alcohol once, followed by stain 
ing with diluted oil red O solution (prepared by mixing iso 
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12 
propyl alcohol containing 0.6% oil red O and water at the ratio 
of 3:2) for 1 hour. Then, the cells were washed with water 
twice, followed by visualization. For quantitative analysis, oil 
red O was dissolved with isopropyl alcohol, followed by 
measuring ODso using an ELISA reader. 
As a result, the rotenoisin A and B of the present invention 

significantly inhibited the differentiation of 3T3-L1 preadi 
pocytes. In particular, rotenoisin A had excellent differentia 
tion inhibiting activity, which was approximately 70% inhi 
bition at the concentration of 2 uM (FIG. 2). 

Manufacturing Example 1 

Preparation of Pharmaceutical Formulations 

<1-1> Preparation of Powders 

Rotenoisin A or B of the present invention 
Lactose 

Powders were prepared by mixing all the above components, 
which were filled in airtight packs according to the conven 
tional method for preparing powders. 

<1-2> Preparation of Tablets 

Rotenoisin A or B of the present invention 100 mg 
Corn starch 100 mg 
Lactose 100 mg 
Magnesium stearate 2 mg 

Tablets were prepared by mixing all the above components by 
the conventional method for preparing tablets. 

<1-3> Preparation of Capsules 

Rotenoisin A or B of the present invention 100 mg 
Corn starch 100 mg 
Lactose 100 mg 
Magnesium stearate 2 mg 

Capsules were prepared by mixing all the above components, 
which were filled in gelatin capsules according to the conven 
tional method for preparing capsules. 

<1-4> Preparation of Pills 

Rotenoisin A or B of the present invention 1 g 
Lactose 1.5 g. 
Glycerin 1 g 
Xylitol 0.5 g. 

Pills were prepared by mixing all the above components 
according to the conventional method for preparing pills. 
Each pill contained 4 g of the mixture. 
<1-5> Preparation of Granules 

Rotenoisin A or B of the present invention 150 mg 
Soybean extract 50 mg 
Glucose 200 mg 
Starch 600 mg 
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All the above components were mixed, to which 100 mg of 
30% ethanol was added. The mixture was dried at 60° C. and 
the prepared granules were filled in packs. 

Manufacturing Example 2 

Preparation of Health Food 

Rotenoisin A or B of the present invention 10 g 
Vitamin complex properamount 
Vitamin Aacetate 70 g 
Vitamin E 1.0 mg 
Vitamin B 0.13 mg 
Vitamin B, 0.15 mg 
Vitamin B 0.5 mg 
Vitamin B12 0.2 Ig 
Vitamin C 10 mg 
Biotin 10 Ig 
Nicotinic acid amide 1.7 mg 
Folic acid 50 g 
Calcium pantothenate 0.5 mg 
Minerals properamount 
Ferrous sulfate 1.75 mg 
Zinc oxide 0.82 mg 
Magnesium carbonate 25.3 mg 
Potassium phosphate monobasic 15 mg 
Potassium phosphate dibasic 55 mg 
Potassium citrate 90 mg 
Calcium carbonate 100 mg 
Magnesium chloride 24.8 mg 

Vitamins and minerals were mixed according to the pref 
erable composition rate for health food. However, the com 
position rate can be adjusted. The constituents were mixed 
according to the conventional method for preparing health 
food and then the composition for health food was prepared 
according to the conventional method. 

Those skilled in the art will appreciate that the conceptions 
and specific embodiments disclosed in the foregoing descrip 
tion may be readily utilized as a basis for modifying or 
designing other embodiments for carrying out the same pur 
poses of the present invention. Those skilled in the art will 
also appreciate that such equivalent embodiments do not 
depart from the spirit and scope of the invention as set forth in 
the appended claims. 

10 

15 

25 

30 

35 

40 

14 
The invention claimed is: 

1. A method for treating obesity comprising: 
administering a pharmaceutically effective dose of a roten 

one derivative represented by formula 2 or formula 3 to 
a Subject having obesity, 

Formula 2) 

O 

OCH 

Formula 3 

2. The method for treating obesity according to claim 1, 
further comprising administering a carrier, diluent, or excipi 
ent with said rotenone derivative. 

k k k k k 

  


