71’ "jor1et JAA 9l

% 95

—49 -






S E BY A7LE viokad FAAY FEH AS

New analogues of Sildenafil (Viagra®)were identified in the imported
Chinese herb drinks, which have been added illegally for affecting penile
erectile dysfunction. In order to elucidate the chemical structures of
Sildenafil analogues, separation and purification were carried out and
followed by analysis of the routine 1D and 2D NMR spectroscopy and
FAB mass spectrometry. Based on analytical data one compound was
named as Homosildenafit contains ethylpiperazine switched with
methylpiperazine of Sildenafil and the other one was called as
Hongdenafil contains ethylpiperazine switched with methylpiperazine and
acetyl group instead of sulfonyl group of Sildenafil. As results,
Homosildenafil and Hongdenafil were put on the list as new inspection
items of the imported food for protecting public health in Korea.
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Infroduction

& Some food manufacturers have added synthetic drugs or
unknown compounds to foods illegally. Moreover, structure-
modified compounds could be added, but it is almost
impossible to detect them using ordinary laboratory system.

E In this work, | determined the structures of sildenafil-like
compounds in the imported foods using HPLC, MS, and NMR.

£ The newly synthesized compounds were named as
‘homosildendfil’ and ‘hongdendfil’, respectively.

E Ullimately, | want to guard safety of foods from hazardous
circumstances.

% Korea Food & Drag Adminktration

What is Sildendfil (VIAGRA®)?

¥ Viagra, an oral therapy for erectile dysfunction, is the
citrate salt of sildendfil, a selective inhibitor of cyclic
guanosine monophosphate (cGMP)-specific
phosphodiesterase type 5 (PDES5).

£ Sildendfil citrate is designated chemically as 5-[2-Ethoxy-
5-(4-methylpiperazine-1-sulfonyl)-phenyi}-1-methyl-3-
propyl-1,4-dihydro-pyrazolof4,3-d]-pyrimidin-7-one

¥ The medicinal compound, sildendfil citrate, initially
developed to treat patients who had heart disease
{angina pectoris). During eatly clinical trials, an
unexpected ‘side effect’ was discovered : improve and

maintain a man's erection.
m Korea Food & Drag Administration
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£ Sildendfil citrate is a white to off-white crystalline powder
with a solubility of 3.5 mg/ml in water and a molecular
weight of 666.7.
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Mechanism of Action

Endothelialcellsof . sexual stimuli
the penis

Penile

N
Rel z .
elax Erection

14

Inhibition

«? »% Korea Food & Drug Adminisiration
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Side Effects

E The most common side effects are headache, flushing
of the face, and upset stomach.

£ Less common side effects that may occur are temporary
changes in color vision (such as trouble telling the difference
between blue and green objects or having a blue color
tinge to them), eyes being more sensitive to light, or blurred
vision.

¥ In extremely rare instances, men may have an erection that
lasts many hours.

A Korea Food & Drug Adminkstratian

Medicinal Classification of
the Therapies for Impotence

¥ Testosterone therapy for hypogonadism
E Selective inhibitors of cGMP-specific phosphodiesterase
type 5 (PDE5)
- Sildendfil citrate, Tadaldfil, Vardenafil
E Dopamine D, receptor stimulator
- Apomorphine SL (Uprima®, Abbott)
E a-adrenergic antagonist
- Yohimbine (selective a,), Phentolamine (non-
selective)
E Synthetic PGE, analogue

- Alprostadil(intracavernosal and intraurethral)

m Korea Ivod & Drag Administration
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PDE5 Inhibitors of Drug

Product

Medicine Chemical structure name Manufacturer Side effects

headache, facial

i
» . o o oy N\” N
Sllc.!tfniafll (\/*b\‘:Kjiﬁ VIAGRA® Plizer flushing, and
clirale S A~ upset stomach

headache, upset

A N
N . stomach,
Tadaidfil Ny Cialis ® Eli Lilly backache,
TN muscle ache
Coe and flushing

. A headache,
Vardenafil (\)/ \(>)\ - ‘{ Levitra ® Bayer flushing, rhinitis
T ST and flu syndrome

m Korea Food & Drug Adminkstration

Labeled Ingredients

Ganoderma lucidum(g A|),
Eucommia vimoides($%),
Alium tuberosum(#£%),
Lycium chinensis(7271X}),
Glycyrrhiza glabra(ZX),
Poria cocos(=3),

Royal Jelly(Z ZA|2]),
Amomum xanthioides(A}2!)

L\ Korea Food & Drag Administration
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Experimental Procedure

Sample 20m| m

Extraction with 500m! of MeQH
Db

CHC), /ammonia soluion/MeOH

w% Korea Food & Drug ."‘;Is;ﬁuhtrathn

Comparison of UV Spectra
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\ m Korea Food & Drag Administration
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NMR Experiments

& All NMR experiments were performed on a Bruker
Avance 400 spectrometer system (9.4 T) at 298 K.

& The 'TH NMR, 3C NMR, DEPT, COSY, TOCSY, HMQC,

HMBC and NOESY spectra were collected in
DMSO with TMS as an internal reference.

B Wik

w4\ Korea Food & Drug Adimintsiration

Results of 1D NMR

Homosildenafil

5-[2-Ethoxy-5-(4-ethylpiperazine-1-
sulfonyl)-phenyl]-1-methyl-3-propyl-1,6-
dihydro-pyrazolo{4,3-d]-pyrimidin-7-one

m Korea Food & -i)mg?\dﬂﬁnmrﬂhn
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Results of 1D NMR

Hongdendfil

5-{2-Ethoxy-5-[2-(4-ethyl-piperazin-1-yl)-
acetlyll-phenyl}-1-methyl-3-propyi-1,4-
dihydro-pyrazolo[4,3-d]pyrimidin-7-one

Km Korea Food & Drag Adminktration

Results of 2D NMR

Homosildendfil
L/
o H N
Lhee: At
P Q
NS
TOCSY HMBC

m Korea Food & Drug Adminktration
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Results of 2D NMR

Hongdendfil

Homosildenafil “ %
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Structure Comparison of New
Compounds with Sildenafil
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PDE5 Inhibitors in Food

Case #1 - Korea
KFA cguargony
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pEdage

STEYURER 2001.07.10
-
k== AER82Y oy
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ue HIORIEM (RN QOLIEHENE 408 28 W

{ ) 66.2mg 130.3mg

B NBABOTYE SROEUE U QRUT Y S ZRNEY Ul
s e OFZIEH RIS QULIBO0 YREACK: 5 A
- A ELE BN e O O/ BAM R TR "SI g selE HEWA Q0 I2
a0l4! 225 E(ISAA NOLEN0] 88 2mg ~ 130 3mal 2SS0 (24 2000,12 19 ~
E0EELID T E ZORRE 312 SIS0 SEAR &5
- BRIIARS HULSANBZNHE 01S)S 5 £STWARIE DA DR o
ey BUSEE EL5I2O0N TYSICE IS "SET 12587 Sorg”
= 320048 UE Y THSUINS 61D ASTAMANHE QlBIHA
- ANEE LUNDI HUE 450N H5I01E 2001 6 292 R SYSAER 5t
-GIMTEZD s

- 61 -




Case #2 - Canada
" Health Canada

HEEPING YOU INFORMED

February 15, 2002 s

.| February 15,2002

« * Back to Wartogs

Health Canada warns public not to use HuaFo .

They contained sildenafil

OTTAWA - Health Canada ts warhing consumers not to use Hua Fo tablets,

an unapproved herbal product that claims to enhance sexual funchion Health
Ganada analyzed samples of Hua Fo tablets and found that they contained
sidenafil Sifdenafil 1s a drug approved as prescription only for male erectile
dystunction, sold under the brand name Yiagra® Use of sidenafil without

medical superision could cause severe adverse reachions

Sildenafil should not be used by Indwiduals who are taking any nitrate
medication sold by perscription or over the counter Nitrate medications are
commonly used for angmna Concurrent use could result i the development of
potentially Iife-threatening low blood pressure In extremely rare instances,
use of sildenafil could result n penile tissue damage and permanent loss of
potency

L4 ¥ % i
4 Korea Food & Drag Adminstration

Eanoenn

,
istratt
S . Er “x

EDA Home Pade | Sesrch FDA She | 8.2 jodex | Contact FEA

June 20, 2003  FDATalk Paper

Media inquines 301-827-6242
Consumer Inquines 588 INFO-FDA

FDA Public Health Advisory:

FDA Warns Consumers Against Taking the Following Dietary Supplements-SIGRA, STAMINA

Rx and STAMINA Rx for Women, Y-Y, Spontane ES and Uroprin

Today, the Feod and Drug Ad (FDA) 15 warning not to purchase or consume the following products SIGRA,
BTAMINA Rx and STAMINA Rx for Wornen Y ¥, Spontane £S and Ureprn, manufactured by NVE, Inc , i Newdon, NJ and distnbuted by
HrTech i Notcross, Ga These products, which are being marketed 2s distary supplerents, actually cantam a prescaption drug ingresient
that poses possible health nsks The products ate being sold over the counter and ate claiming to ncrease stammna, confidence and

performanse tad al aﬁ.
FDA has determined that the products actually contam the prescription strength drug mgredtenaﬁ! 15 the actwe ingredient in
b &

Cralts, an Eh Lilly product approved in Europe to treat male erectde dysfunction An interaction efrCertam prescaption diugs
contairing nirates (such as ntroglycenn) and tadalafil may cause a drastic lowering of blood pressure There 1s real danger that this
product may be taken by patients faking ntrates smee erectile dysfunction is often a common problem in peaple with diabetes,
hypertensian {igh blood pressure), hyperipidemsa fhugh cholesterol), sschemic heart disease and in people who smoke
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Analogues of Sildendfil in Food
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Case #5 - Canada

‘Health Canada

HELSING VLA INFORMER Cmline

Health Canada Home

< Back toWarnings

Health Canada warns public not to use Hua Fo (DIN 02243966)

OTTAWA - Health Canada 15 warning consumers not to use Hua Fo tablets
beanng the {Drug Identification Mumber) DIN 022433658, after they were tound
to contain an unauthanzed substance simidar, but not identical to, sidenafil
Sddenafil 15 a prescnption drug approved for male erectile dystunction, sold
under the brand name Viagra® Inappropnats use of sitdenafil could cause \
severs adverse reactions

Similar, but not identical to, sildenafil
Hsalth Canada 1ssued a previous waming on February 15, 2002, concerning a
iot of non-DIN Hua Fo that_gontaed sildenafil At the time, Health Canada
required the imparter to remove the product from the shelves Health Canada
is agawin requinng the imporier and distributer to remeve Hua Fo (DIN
02243366 from the market, and has 1ssued a Customs Aler, 10 stop the
importation of the product Both the non-DIN and the DIN lots were sold in
Canada by Shenlang Company L1d

Case #6 - Japan

(2003. 12)
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Case #7 - Korea
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Banned-Viagra® and its Analogues in Food

Compound First Announced Second Announced | Detected
Name {mg/30mL
Country Date Country Date )
Sildendfil citrate Korea | July 2001 | Canada | Feb. 2002 30-187
Tadalafit Korea | Oct 2002 USA June 2003 20-60
Homosildenafil Korea | April2002 | lapan | Dec.2003 | 80-140
Hongdenafil Korea | July 2003 - - 25-132
Hydroxy homosildenafil | Japan | Feb. 2004 - - -

Illegal Foods Contained Sildenafil Analogues

. Korea Food & Drug Admiinstration
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Conclusion

E Sildendfil or Tadalafil were Detected in
Imported Foods or Dietary Supplements

E New Analogues of Sildendfil were Identified in
the Imported Chinese Herb Drinks, and their
Chemical Structures Elucidated

¥ The Analogues were Named as ‘Homosildendfil’
and ‘Hongdendfil’, respectively

E Imported Foods Containing them have been
Banned

¢ e\, Korea Food & Drag Adminbsteation




